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ABSTRACT
THOMSON, G. R., 1985. The epidemiology of African swine fever: The role of free-living hosts in
Africa. Onderstepoort Journal of Veterinary Research, 52, 201-209 (1985).
The known distribution of African swine fever (ASF) virus in Affica is reviewed in relation to the distribu-
tions of its free-living hosts as are the infection rates of these species in different localities in southern Africa.
Mechanisms by which ASF virus is maintained in its sylvatic state and ways in which the infection may enter

domestic pig populations are discussed.

INTRODUCTION

In its sylvatic and presumably historic habitat, African
swine fever (ASF) virus is confined to Africa south of
the Sahara where it is associated with free-living suids
and their associated argasid ticks.

Montgomery (1921) first observed that this virus was
capable of infecting domestic pigs, in which it produced
an acutely lethal infection. Once infected, domestic pigs
readily transmit the disease to other pigs both directly
and indirectly, virus being excreted in urine and faeces
as well as in oral, nasal, pharyngeal, ocular and genital
secretions (Greig & Plowright, 1970).

In most instances in Africa, ASF has either been effec-
tively controlled or is self-limiting because of the high
mortality rate. It is acknowledged, however, that in
some African countries the disease has become endemic
in the domestic pig population where the mortality rate
has decreased and a higher proportion of chronic and
inapparent infections prevail (Wardley, Andrade, Black,
De Castro Portugal, Enjuanes, Hess, Mebus, Ordas,
Rutili, Sanchez Vizcaino, Vigario, Wilkinson, Moura
Nunes & Thomson, 1983; Haresnape, 1984). It is not
clear whether this has been due to attenuation of the virus
strains by repeated pig-to-pig transmissions or by perpe-
tuation of virus strains which were inherently of reduced
virulence (Wardley et al., 1983). Whatever the case, this
situation enabled the spread of ASF virus via pig pro-
ducts to countries removed from Africa, initially the
Iberian Peninsula in 1957/60 and thence to other parts of
lligégpe, the Caribbean and Brazil (Wardley et al.,

).

Because of its potentially devastating effect on pig
populations, its relatively recent spread from its historic
habitat and the lack of an effective vaccine, ASF has
aroused considerable international interest. Understand-
ably, since only approximately 1,2 % of the world’s pigs
are located in Africa, most investigations at present are
not concerned with the African situation, but are aimed
at preventing the importation of ASF as an exotic disease
of pigs or its elimination from swine herds in which it
has become endemic. However, because ASF has an
inhibitory effect on the expansion of the pig industry in
Africa and since Africa will, for the forseeable future,
remain a potential source of the infection for the rest of
the world, an understanding of the epidemiology of ASF
in its natural habitat constitutes an important aspect of
international control. This paper will therefore concen-
trate on the relationship between ASF virus and its reser-
voir hosts in Africa, particularly in southern Africa.

The free-living hosts of ASF virus

Three African wild suids have been shown to become
naturally infected with ASF virus, viz., warthog (Phaco-
choerus aethiopicus), bushpigs (Potamochoerus spp.)
and, in one recorded instance only, the giant forest hog
(Hylochoerus meinertzhageni) (Montgomery, 1921;
Heuschele & Coggins, 1965). Whether other vertebrate.
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species are involved in the epidemiology of this infection
is a moot point. The report by Cox (1963) that ASF virus
had been isolated from hippopotamus, porcupine and
hyaena has not been substantiated (Stone & Heuschele,
1965; Table 1), but this aspect has not been adequately
examined. In particular, some reptiles, e.g., the black
mamba and the Egyptian cobra which are likely to come
into contact with infected argasid ticks and which have
distributions in South Africa similar to that of end ¢
ASF (Stuckenberg, 1969), might be fruitfully investi-
gated.

The virus has also been identified in argasid ticks as-
sociated with suids, i.e. Ornithodoros erraticus (in
Europe only) and the O. moubata/porcinus complex
sensu Walton (Sanchez Botija, 1963; Plowright, Parker
& Peirce, 1969b). Because at least 3 Ornithodoros spp.,
which do not normally parasitize suids and which are
prevalent in the Americas, have been reported as being
potential vectors of ASF virus (Groocock, Hess & Glad-
ney, 1980; Gibbs & Butler, 1984), it is prudent to as-
sume that all members of the genus have this ability until
the contrary is proved.

Limited attempts at identifying possible alternative
arthropod hosts in other genera have so far proved
unsuccessful (Plowright, 1977; Table 2).

The distribution of identified free-living hosts of ASF
virus in relation to recorded ASF in domestic pigs in
African countries

While warthog or bushpigs, and usually both, are
found in all the countries in Africa where ASF in do-
mestic pigs has been diagnosed, the giant forest hog does
not occur in some regions where ASF in domestic pigs is
relatively common, e.g. southern Africa (FAO-WHO-
OIE, 1981; Ansell, 1971; Kingdon, 1979; Table 3).
Thus the latter species cannot play a universally impor-
tant role in the epidemiology of ASF in Africa.

Although the distributions of both warthog and bush-
pigs (Ansell, 1971; Kingdon, 1979) roughly coincide
with areas where ASF virus has been identified (Table
3), it is widely believed that warthog are more important
in the maintenance of this virus because of their gener-
ally greater numbers, more even distribution and higher
infection rates (Mansveld, 1963; Neitz, 1963; De Tray,
1963). Certainly in the RSA the location of the ASF
endemic control area (Control of Animal Diseases by the
Division of Veterinary Services) follows the distribution
of warthog more closely than that of bushpigs (Thomas
& Kolbe, 1942; Fig. 1). It must be acknowledged, how-
ever, that in comparison with warthog little is known
about bushpigs in relation to ASF largely because of the
secretive nocturnal habits and the thick vegetation of
their habitat.

So far as the O. moubatalporcinus complex is con-
cerned, the striking feature is that,' wherq,as in southern,
east and central Africa, suid-associated ticks are present
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TABLE 3 The occurrence of ASF and the known free-living hosts associated with it in African countries

Suids l Ornithodoros spp-
Country ASF recorded moul{atal )
in domestic Warthog Bushpigs Giant forest hog porcinus erraticus
pigs complex
Mauritania + +
Western Sahara +
Morocco +
Algeria +
Tunisia
Libya +
Egypt +
Sudan + + +1
Ethiopia + + + +
Djibouti + +
Somalia + + +
Kenya + +* +* +* +1x +
Uganda +* + + + 1= +
Tanzania + +* + + +1*
Malawi + + + 41
Zambia + + + + 1
Ruanda + + + + +1!
Burundi + + + + +!
Zaire + + + + +1
Congo + + + +
Chad + +
Niger + +
Upper Volta + +
Mali + +
Senegal + + + +
Gambia + +
Guinea (Bissau) + +
Guinea + +
Sierra Leone + +!
Liberia +
Ivory Coast + +
Ghana + + +
Togo + +
Benin + +
Nigeria + +
Cameroon + + + + +
Equatorial Guinea + +
Gabon + + +
Central African Republic + + + +
Mozambique + + + +!
Angola + + + +1
Zimbabwe + +* + +1
Botswana +* + +!
Lesotho
Swaziland +
South Africa + +* +* +1*
SWA/Namibia + +* + +1*

+ Denotes presence of that host in the country concerned
! Denotes presence of suid-associated Ornithodoros sp.

* Denotes countries in which ASF virus has been proved present in that species
This table was compiled using the following references: Hoogstraal, 1956; Ansell, 1971; Kingdon, 1979; FAO-WHO-OIE, 1984; Neitz, 1963;

Morel, 1980; Leeson, 1953; Plowright, 1977; Thomson et al., 1983; Simpson & Drager, 1979; Walton, 1964; Haresnape, 1984; Wilkinson (personal
communication, 1982); FAO, 1982; Mansveld, 1963; De Tray, 1963; Smithers (personal communication, 1981).

animals with relatively high viraemias also had high anti-
body levels (Table 5). This is possibly due to the absence
of neutralizing antibody to ASF virus in warthog sera
(Thomson, Gainaru & Van Dellen, 1980). Whether re-
peated infection with antigenic variants occurs is un-
known (see below), but the absence of viraemias in older
warthog (Heuschele & Coggins, 1969; Plowright, 1977;
Thomson & Gainaru, unpublished data, 1981) compar-
able with those of neonates (Table 5), suggests that this
is either not the case or that effective immunological
cross-reactivity exists between such variants.

With the remarkable exception of the Mkuze Game
Reserve, all large warthog populations where ASF virus
is present have high rates of infection (i.e, >80 %); the
frequency of antibody to the virus in sera of sampled
individuals is evidence of this (Plowright, 1977; Table
4).

The only large warthog population conclusively
shown to be free of ASF virus is in the Hluhluwe/Umfo-
lozi Game Reserve complex in northern Natal, although

other smaller populations in southern Africa also annear
to be free (Table 4). Nigerian warthogs are also pr y
free of the infection although only limited numbers of
animals from 2 localities were examined (Taylor, Best &
Couquhoun, 1977).

In experimental infections of young, previously unin-
fected warthog, Thomson et al. (1980) showed that.
despite the absence of any obvious ill effect, the viru
capable of producing a generalized infection with t
virus titres occurring in lymph nodes and spleen (1
and 10%° HD,yg, respectively), the former being the
more persistent. Viraemias =10>° HD,/m¢ were present
for the first 11 days following infection only and were no
longer detectable by the 33rd day. These results ¢ iple-
ment the observations of Heuschele & Coggins (1969)
and Plowright (personal communication, 1981) on natur-
ally infected warthog in which lymph nodes were consis-
tently shown to contain the highest virus titres. T  gen-
erally low virus concentrations found in blood and spleen
reported by these workers suggest that the animals were
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TABLE 4 Results of serological examinations performed on warthog sera from different geographical locations in southern Africa and the presence

or absence of Ornithodoros sp. in those areas

Sera positive/No. tested (%) Ticks found (+) or not (=)
Locality (No. ') Country (No. burrows positive/No.
IEOP ELISA examined)
Kruger National Park (1) South Africa 3, 94) % (93) | +(%4)
N.W. Transvaal north of latitude 25°S ) South Africa Bl O e (92) +(%35)
N.W. Transvaal south of latitude 25°S 3) South Africa YV  (4) %6 (0) —(%4)
Mkuzi Game Reserve 4 South Africa Shes  (2) W (D) + (P40
Hluhluwe/Umfolozi Game Reserve Complex ) South Africa % (0) %  (0) -2
Nylsvley Nature Reserve 6) South Africa % (0) Y, (25) = (%)
All areas where warthog occur (see Fig. 1) 16 SWA/Namibia 78100 (93) ND +2
Buffalo Range (8) Zimbabwe ¥a (79) B0 (95) +2
Sebungwe ) Zimbabwe 13/,5 (100) Bre (93) +2
Kyle National Park (10) Zimbabwe Y% () % (@ =(")
Matopos National Park (11 Zimbabwe Y% (O ND =9
Maun Game Park (12) Botswana 1% (53) Bl (83) +2
! See Fig. 1 IEOP—Immunoelectroosmophoresis

2 Details of burrows examined not recorded

ELISA—Enzyme-linked immunosorbent assay

TABLE 5 Summary of viraemias due to ASF virus detected in neonatal* warthog in 4 different localities

No. litters No. wartho . . )
Count Localit D positive** positive"""g Viraemias detected No. warthog with
untry ocality ate detectable antibody?

No. tested No. tested 1,0-2,0 {2,1-3,0f 3,14,0

SWA | Windhoek Dec., 1980 /5 or 4 %10 - — - 810

SWA | Otjiwarongo Dec., 1980 3, 31y 2 2 1 A

SWA [ Okahandja Dec., 1980 Yy 3 — 1 — 'n

SWA | Windhoek, Okahandja Dec., 1981 0/52 or 6 %14 — — — NT

RSA | Kruger National Park (Pafuri)| Dec., 1982 /1 % — 1 1 ¥

RSA | Kruger National Park (Male- |Dec., 1982 WA % — — — 5/g

lane Rd.)

blas 6 or 27 865 (12%) 2 4 2 3849

* +4 weeks of age (Cumming, 1975)
**i.e., with viraemias >10HDyy'm¢
! Log ,yHDso/m¢
? Tested by immunoelectroosmophoresis
NT Not tested

ropod, but merely persistent virus concentrations below
the infection threshold ingested with warthog blood
(Thomson et al., 1983).

The marked discrepancy between the infection rates
reported by Pini (1977) and Thomson et al. (1983) may
be due to differences present at the times of sampling
since the procedures employed for virus isolation were
identical. This would imply a seasonal or some other
cyclic phenomenon. In one area (Rooibokkraal, N.E.
Transvaal) ticks were collected every 2 months for 16
months without any detectable change in infection rate
(Thomson, Gainaru & Van der Pyperkamp, unpublished
data, 1980).

The threshold of infection of ingested virus for 2 East
African tick/virus combinations was between 10°° and
10*' HD,, and for the 3rd combination, between 10°7
and 10** HDs, (Plowright ef al., 1970a). Individual vari-
ability precluded the calculation of 50 % infective doses
for ticks but it was estimated that virus levels tenfold to a
hundredfold greater than the infection threshold would
achieve this (Plowright, 1977). Plowright further calcu-
lated that for warthog blood to be infective for tampans,
viraemias would have to reach 10’ to 10 HDsy/m¢€, but
these levels were never observed in the several hundred
warthog examined in east Africa. He therefore con-
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cluded that warthog blood was an unlikely source of
infection for ticks (Plowright, 1977).

The experiments quoted above do not give a break-
down of the relationship between virus dose and infec-
tion for different age and sex classes. This is important,
because, for example, adult female ticks from our labo-
ratory colony ingest, on the average, 0,2 m¢ of blood per
feed (some >0,4 m¢€) while, on the same basis adult
males and large nymphae take 0,03 m¢ (Thomson, un-
published data, 1983). If one assumes that the threshc
for the first 2 tick/virus combinations above (10%°-1u--
HDs,) apply to adult female ticks, then viraemias be-
tween 10" and 10?7 HD,,/m¢ would be infective. As can
be seen from Table 5, such titres have been found in 6
out of 65 free-living warthog less than 3 weeks of age
which were recovered from burrows.

Further evidence that viraemic warthog actually pro-
vide a source of infection for ticks in the field is the fact
that infection rates in ticks increase with increasing size
and age, the implication being that the likelihood of in-
fection increases with the volume of blood meal and
number of feeds (Plowright, 1977; Thomson et al.,
1983). This, and not merely sexual transmission, may
explain why infection rates in adult female ticks are
higher than those in adult males (Thomson et al., 1983).
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