Two Decades of One Health in Action: Enabling Sustainable Wildlife Conservation and
Livestock Production in Southern Africa

Supplementary Material 1

Supplementary Material 1 examines the relative importance of African buffalo (Syncerus caffer) and cattle in the
maintenance and transmission of FMD virus in KAZA and SADC more broadly, with a focus on the countries with
current or historic beef exports. In order to place the evolving FMD situation in KAZA’s member countries in the
context of the region, relevant examples are also drawn from other countries in East and southern Africa with an
FMD reservoir in buffalo. Considering the growing importance of endemic circulation of FMD virus in cattle
populations, we revisit the relevance of veterinary cordon fences as a preferred tool to prevent outbreaks of FMD
(CBPP having been discussed, to a lesser extent, in the main narrative), and propose a more holistic approach to
balancing livestock production and biodiversity conservation.

Foot and mouth disease in the SADC context

While several transboundary animal diseases are present in the SADC region, South African Territories (SAT)
serotypes of FMD virus, although arguably the mildest in terms of their effects on susceptible animals, have been
the most important due to impacts on trade (Thomson et al., 2013a). International FMD perceptions and policies are
based on the disease caused by the Eurasian serotypes, which spread fast and cause relatively high morbidity in
outbreaks (Thomson and Penrith, 2017; VVosloo and Thomson, 2017). In contrast, the SAT viruses spread more
slowly, are confined to the African continent and the Middle East, and apparent morbidity measured by animals
showing clinical signs is low (Atkinson et al., 2019; Vosloo and Thomson, 2017).

The SAT viruses predominate in most of the SADC region (Maree et al., 2014). These viruses are considered to be
the most ancient FMD viruses, and they evolved in African buffalo, which remain a reservoir host of the virus
(Vosloo and Thomson, 2017). The Eurasian lineages diverged from them and evolved further in domestic livestock,
with no wild reservoirs identified, although spill-over to wildlife has frequently been recorded (Alexandrov et al.,
2013; Dhollander et al., 2016; Elnekave et al., 2016; Lignereux et al., 2020). In addition to the SAT viruses, two
Eurasian FMD serotypes have a long history of circulation in East Africa, namely O and A (Dhikusooka et al., 2016;
Kasanga et al., 2015; Omondi et al., 2020; Picado et al., 2011; Roeder et al., 1994; Wekesa et al., 2015;
Woldemariyam et al., 2022). Type O, the most widespread of all the FMD viruses, has also established a presence in
northern Zambia, where all three SAT viruses as well as type A have also caused outbreaks (Banda et al., 2021;
Chilonda et al., 1999). Since 2018, type O viruses have moved southward in Zambia, and in July 2021 an outbreak
of type O FMD was reported for the first time in Namibia, affecting cattle in the Zambezi Region (Banda et al.,
2022). It’s important to note that there is no evidence of any association of either type O or A with African buffalo
in East Africa, despite the lengthy presence there (Casey-Bryars et al., 2018; Omondi et al., 2020; Weaver et al.,
2013; Wekesa et al., 2015), or in southern Africa. One serological study of wildlife in Central Africa did find
relatively high levels of antibodies to serotype O non-structural proteins in buffalo (Di Nardo et al., 2015).

Apart from African buffalo, no wildlife reservoirs for the SAT viruses have been identified, and to date frequent
infection with possible spill-over to domestic ungulates has only been recorded for impalas (Aepyceros melampus),
in which outbreaks have been reported to occur regularly in Kruger National Park (KNP), but there is no evidence of
persistent infection (Bastos et al., 2000; Hargreaves et al., 2004; Thomson, 1995; Vosloo and Thomson, 2017),
although infections that persisted longer have been reported in kudu (Tragelaphus strepsiceros), wildebeest
(Connochaetes taurinus) and sable antelope (Hippotragus niger) (Vosloo and Thomson, 2017). Experimental
infection of giraffe (Giraffa camelopardalis) with SAT-1 and SAT-2 viruses demonstrated that giraffe are
susceptible to FMD infection but are unlikely to play an important role in maintenance or spread of the virus
(Vosloo et al., 2011). Infection in other wild ungulates in southern Africa has occasionally been reported (Keet et al.,
1996; Letshwenyo et al., 2006). In Uganda, a serological survey in a range of wildlife species in four national parks
found high seroprevalence of FMD virus antibodies (serotypes O, SAT-1, SAT-2 and SAT-3) in buffalo, but only a
single seropositive hartebeest (Alcelaphus buselaphus) (Ayebazibwe et al., 2010).

Relative importance of buffalo and cattle in maintaining and transmitting FMD



In East Africa, although high levels of infection with SAT FMD viruses occur in buffalo, there is considerable
evidence that not only O and A but also SAT viruses circulate in cattle independently of buffalo. A study undertaken
in Kenya in sympatric buffalo and cattle populations showed infection with SAT-1 and SAT-2 viruses in buffalo
sampled and types O, A, SAT-1 and SAT-2 in cattle, but the SAT viruses in the cattle were of different lineages
from those in the buffalo (Wekesa et al., 2015), suggesting separate evolution of the viruses in the two populations.
Similarly, sampling of sympatric cattle and buffalo in an area where a high level of contact is likely yielded only
FMD virus serotypes O and A in cattle and serotypes SAT-1 and SAT-2 in buffalo, suggesting that transmission
between the species is rare (Omondi et al., 2020). However, examination of FMD virus sequences from a wider area
revealed a close relationship between some SAT-1 and SAT-2 outbreak viruses isolated from cattle to buffalo SAT-
1 and SAT-2 viruses from another area, suggesting transmission between cattle and buffalo, but the direction of the
transmission could not be determined (Omondi et al., 2020). The authors concluded that their phylogenetic study did
not provide evidence for separate evolution of SAT viruses in buffalo and cattle. Both above studies agreed,
however, that circulation of FMD viruses in the cattle population did occur independently of buffalo, with most
cattle outbreaks resulting from cattle movements (Omondi et al., 2020; Wekesa et al., 2015). Analysis of the
location and distribution of outbreaks in Tanzania from 2001 to 2006 indicated that most occurred in border areas
and were associated with communication networks rather than in areas with wildlife (Allepuz et al., 2015; Picado et
al., 2011). Furthermore, although Tanzania has one of the largest buffalo populations in Africa as well as one of the
largest cattle populations, kept under conditions that allow contact with buffalo, a study conducted in nine districts
between 2011 and 2014 found no correlation between the FMD serotypes involved in endemic waves in cattle and
those identified from sympatric buffalo (Casey-Bryars et al., 2018). The authors attributed low seroprevalence of
serotypes O and A in buffalo to spill-over from cattle or a cross-reaction of SAT with the O assay that is known to
occur (Casey-Bryars et al., 2018). A study by Dhikusooka et al. (2016) in cattle herds around Queen Elizabeth
National Park in Uganda failed to provide evidence of transmission between buffalo and cattle, despite a serological
survey of 207 buffalo in four national parks in Uganda, including Queen Elizabeth National Park, that found 80-90%
of the samples were positive for antibodies to FMD virus non-structural proteins (Ayebazibwe et al., 2010). An
analysis of FMD outbreaks in Ethiopia from 2010 to 2019, of which only 12% were serotyped, indicated increased
prevalence of SAT-2 in the central parts of the country and a single sample positive for antibodies to SAT-1, with no
suggestion of wildlife involvement (Woldemariyam et al., 2022).

The main focus of this review is on southern Africa, which according to the UN definition is comprised of Angola,
Botswana, Eswatini, Lesotho, Malawi, Mozambique, Namibia, South Africa, Zambia and Zimbabwe. All of the
member countries of the KAZA and Great Limpopo TFCAs are thus part of the southern African region, and they
are all also members of SADC. Close links therefore exist among all of the countries, most of which share borders
with members of the KAZA or Great Limpopo TFCAS, and therefore the FMD situation in all of them will be
considered, with the exception of Eswatini and Lesotho which are officially free of FMD. As in East Africa, FMD
outbreaks in Malawi, Mozambique, Zambia and Zimbabwe are more likely to be related to movements of cattle than
to contact with African buffalo. There is little information about FMD in Angola; isolates from outbreaks in 1974
and 1975 belonged to serotype A (Sangare et al., 2001). A recent review of FMD outbreaks in Malawi from 1957 to
2019 showed they were mostly caused by SAT viruses, although serotype O and A outbreaks occurred in the north
on the border with Tanzania (Chimera et al., 2022). Although in certain instances buffalo were considered a possible
source of outbreaks, a risk assessment suggested that proximity to wildlife areas was not a risk factor and that
movements of live cattle and circulation within cattle populations were the main source of outbreaks (Chimera et al.,
2022). A recent study in Zambia characterising FMD viruses from outbreaks in cattle between 2015 and 2020
indicated that only one of the outbreaks might have been related to buffalo contact, but in that situation movement of
cattle from a neighbouring country could not be excluded; the majority of the outbreaks, many caused by serotype
O, were attributed to legal and illegal movements of cattle, mainly from an eastern neighbour (Banda et al., 2021).
There is little published information about FMD in Mozambique, but while a 2011 outbreak in the Gaza province
was caused by a SAT-2 virus with close similarity to a buffalo virus isolated in KNP, South Africa, the infected
cattle had been transported by train across the border from Zimbabwe (Jori et al., 2016). At least one previous
incursion by the same route caused an FMD outbreak in the Sofala province of Mozambique (MLP, unpublished
information).

In contrast to the situations in East Africa and the northern SADC countries, buffalo have been considered to be the
major source of outbreaks of FMD in livestock in southern Africa (Thomson et al., 2003; VVosloo et al., 1995;
Vosloo, Bastos et al., 2002). Botswana, Namibia, South Africa and Zimbabwe all established zones that were
officially free of FMD, and for a long time after their establishment they remained free of FMD outbreaks. This was



made possible by cordon fences separating livestock from wildlife areas with buffalo, and vaccination of cattle in
areas at high risk (Vosloo, Bastos et al., 2002). An increase in fence height and strength was suggested after it was
discovered that an outbreak of FMD in cattle adjacent to a double-fenced conservancy in Zimbabwe was likely to
have been caused by contact with infected antelope (kudu or impala), as neither buffalo nor cattle were able to cross
the fence (Hargreaves et al., 2004). It was later reported that outbreaks of FMD in impala were frequent in KNP in
areas with buffalo herds, and that these antelope were able to jump fences that successfully contained larger animals,
with occasional transmission of FMD virus to livestock (Vosloo et al., 2006; Vosloo et al., 2009).

An analysis of seasonal and spatial outbreak patterns in Zimbabwe from 1931 to 2016 appeared to support the
contention that proximity to buffalo was a major driver of FMD outbreaks, but recognized that the information
available was incomplete in important respects, including molecular genetic studies to establish relationships
amongst outbreak viruses (Guerrini et al., 2019). Moreover, an increase in FMD outbreaks was recorded during
periods of civil unrest and socio-economic collapse, and although lack of fence maintenance with consequent
increased contact between wildlife and cattle occurred during those times (Guerrini et al., 2019), there were
undoubtedly other factors such as increased cattle movement and mingling as well as climatic factors such as
drought that were apparently not considered. An exponential increase in FMD outbreaks in Zimbabwe from 2000-
2001 resulted in the loss of access to high value beef markets in the EU and elsewhere and suspension of the former
FMD-free zone (Scoones et al., 2010). It is increasingly evident that silent circulation of FMD viruses in cattle is
highly likely to occur in Zimbabwe (Brito et al., 2016; Jori et al., 2016; Miguel et al., 2013), resulting in outbreaks
without the need for wildlife involvement.

In Botswana, the areas surrounding the Okavango Delta, namely Ngamiland and Chobe district, are considered not
free from FMD, while the rest of the country consists of zones that are officially free of FMD (Derah and
Mokopasetso, 2005). The Okavango Delta is home to a large buffalo population, as is the Chobe floodplain, these
buffalo being the main reason for the infected status of the two districts, where cattle are vaccinated twice a year
except in the areas deemed at highest risk of buffalo contact, where cattle are ideally vaccinated three times a year
(Derah and Mokopasetso, 2005). After not experiencing any FMD outbreaks since 1980, an outbreak occurred in
2002 in a free zone that shares a border with Zimbabwe, where outbreaks had been rife in 2001 (Scoones et al.,
2010). The virus isolated was closely related to a 2001 Zimbabwe outbreak virus, raising suspicions that cattle
movement from Zimbabwe may have been responsible for the introduction of the virus into Botswana (Baipoledi et
al., 2004; Mogotsi et al., 2016). Further outbreaks occurred along the eastern border until 2011 (Atkinson et al.,
2019) and have continued sporadically up to 2022. During the same period, FMD outbreaks in Ngamiland increased,
many of which were not buffalo-associated (Atkinson et al., 2019). A risk assessment for buffalo contact in
Ngamiland indicated a moderate risk of buffalo-associated FMD outbreaks in the lower Okavango Delta, the region
where cattle and buffalo contact was most likely to occur (Babayani and Thololwane, 2022). While FMD outbreaks
in cattle close to the fence were considered likely to have been initiated by buffalo contact, it was also deemed likely
that further spread by endemic circulation in cattle was responsible for outbreaks in areas without buffalo presence.
The authors suggested that revised approaches to risk management based on improved cattle husbandry were
required in view of the impossibility of adequate fence maintenance (Babayani and Thololwane, 2022).

Namibia has maintained its free zone due to a cordon fence that divides the country into a commercial farming area
south of the fence and the communal cattle farming areas in the north, where the largest number of cattle and cattle
owners live (Scoones et al., 2010). Buffalo are absent from the greater part of the Northern Communal Areas, as
suitable habitats are lacking, but the eastern parts, consisting of the Kavango East and Zambezi Regions, are not free
from either buffalo or FMD. Transhumance across the northern borders with Angola and Zambia is common
(Atkinson et al., 2019; Scoones et al., 2010), and FMD outbreaks have occurred in both Kavango East and Zambezi
that were linked to cross-border movement of cattle rather than buffalo contact (Atkinson et al., 2019). Further proof
of the role of cattle was provided when the virus isolated from an outbreak in the Zambezi Region in July 2021, as
previously mentioned, proved to be a serotype O virus that shared 99.5% identity with type O viruses that had been
circulating in Zambian cattle since 2018 (Banda et al., 2022).

FMD in South Africa has almost always been strongly associated with KNP, which has historically been home to the
only FMD-infected buffalo population in the country (Thomson, 1995). Most of the outbreaks of FMD in livestock,
mainly cattle, have occurred in the area adjacent to KNP that is within the FMD protection zone (Dyason, 2010).
However, more extensive outbreaks distant from KNP have three times resulted in the suspension of South Africa’s
free zone. In September 2000, type O FMD virus was diagnosed for the first time in a piggery in KwaZulu-Natal
province after illegal feeding of swill that consisted of galley waste from the international port of Durban (Briickner



etal., 2002). In November 2000, SAT-1 FMD virus was detected in cattle presented for slaughter at an abattoir in
Eswatini; the cattle were traced to a feedlot in South Africa, where the same virus was isolated from the cattle
(Briickner et al., 2002). This outbreak was believed to have originated from cattle illegally brought into the feedlot
from the FMD protection area, and the virus shared 100% homology with viruses isolated from buffalo in KNP
(Bruckner et al., 2002). In 2011, FMD was detected serologically in cattle in northern KwaZulu-Natal, resulting in
intensive surveillance in cattle and sampling in Ndumo Game Reserve. A SAT serotype 1 virus was isolated from
cattle at one dip tank, whereas the buffalo sampled yielded a serotype 3 virus. Both viruses were reported to be
related to previous isolates from buffalo in KNP (Department of Agriculture, Forestry and Fisheries, 2011). The
serotype 1 virus was also isolated from cattle in a feedlot in Gauteng Province, and since 2019 South Africa has
been battling outbreaks of multiple serotypes of SAT FMD in six provinces. While the first outbreaks occurred in
the FMD protection zone, subsequent extensive spread has occurred through cattle movements, including to auction
facilities where live cattle are sold, regardless of movement restrictions (https://nahf.co.za/update-report-foot-and-
mouth-disease-outbreak-2022-2024/). The course of this epizootic, which has once more cost South Africa its free
zone, has underscored the role of human activities in the spread of transboundary animal diseases.

Implications of endemic FMD circulation in cattle populations

Endemic circulation of FMD in cattle populations is a relatively new phenomenon for some southern African
countries, including Botswana, Namibia and Zimbabwe. It is facilitated by a high level of direct or indirect contact
in a sufficiently large or mobile cattle population that ensures a supply of new animals to infect to maintain virus
circulation. Such a population that also acts as a reservoir of the virus is known as a maintenance population
(Haydon et al., 2002). Large unvaccinated cattle populations in Africa are considered to be maintenance populations
for FMD viruses, and buffalo only become significant when the cattle population has become epidemiologically too
small to maintain the infection, for example due to effective vaccination (Haydon et al., 2002). This assessment is
based on a 20-year period between 1981 and 2001 after the introduction of vaccines against FMD in southern
African countries when very few outbreaks occurred, but since then the situation has deteriorated markedly
(Atkinson et al., 2019; Jori et al., 2009; Vosloo and Thomson, 2017). This indicates that vaccination programs are
no longer sufficiently protective, and an inadequately vaccinated cattle population has become a maintenance
population (Atkinson et al., 2019).

Conditions in KAZA favour maintenance of FMD viruses in cattle populations. Countries in KAZA have
subtropical to tropical climates with a dry season during which large numbers of cattle move, sometimes over
considerable distances, to find grazing and water (Atkinson et al., 2019). Particularly in the drier western parts of the
TFCA, these resources may be limited and this results in mixing of cattle herds in grazing areas and at watering
points. In northern Namibia, annual flooding causes large-scale migrations of people and livestock to higher ground,
and can also interrupt routine vaccination campaigns. Low apparent morbidity during SAT FMD outbreaks strongly
suggests that many of the cattle are subclinically infected (Vosloo and Thomson, 2017), which decreases detection
of infection. Vaccination of cattle prevents clinical disease but not necessarily virus circulation or shedding
(Thomson and Bastos, 2004).

There is no convincing evidence that cattle that may have persistent virus in the oropharynx are able to transmit it
naturally to other cattle; one cannot blame carrier animals for endemic circulation. Rinderpest provided a classic
example of a disease that circulated endemically in cattle, the only maintenance host, for a long time over several
continents with no carrier state ever demonstrated (Roeder, 2011). In FMD, a carrier is defined as an animal in
which FMD virus persists for more than 28 days post infection in the soft palate and oropharynx (Thomson and
Bastos, 2004). After infection, excretion of the virus may occur for up to four days or more before clinical signs
appear, while quantifiable FMD virus is only present for two weeks or less in all except oropharyngeal secretions.
Persistence of FMD virus in the oropharynx for longer than 28 days occurs in more than 50 per cent of recovered
cattle, but levels will have started to decline soon post infection, and 80 per cent of cattle will have little if any virus
after six months. However, FMD virus may persist in up to 20 per cent of the cattle for a year, and a small
proportion remain infected for up to two or even three years (Thomson and Bastos, 2004). In spite of this
persistence, there is little evidence that these cattle transmit FMDV to in-contact cattle under natural conditions.
Persistence does not necessarily imply shedding of infective quantities of virus. A study in cattle using serotype O
FMD virus reported a very short window of a few days during which large amounts of virus were shed, associated
with the appearance of clinical signs (Charleston et al., 2011). The great majority of attempts to demonstrate
transmission from cattle in which FMD virus persisted in the oropharynx for long periods have failed (Thomson and
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Bastos, 2004). A report of recent successful transmission by direct application of material scraped from the
oropharynx of a carrier at 30 days post-infection to the oropharynx of a susceptible animal (the material was
homogenised prior to inoculation, but the method of inoculation is not described) (Arzt et al., 2018) fails to provide
clear evidence for transmission from cattle that have been persistently infected for longer than 30 days post-
infection, or even of natural contact transmission at that time. In a review of the FMD carrier state published two
years later, the lead authors of that same experimental study concluded that there is consensus that “transmission
from FMD virus carriers is exquisitely improbable,” but they make the valid point that WOAH and the countries that
enjoy official recognition of freedom from FMD would not consider survival of “carriers” to be compatible with
freedom from infection (Stenfeldt and Arzt, 2020). The review also clarifies the difference between subclinical
infection of a persistent nature and neoteric subclinical infection, meaning new or acute inapparent infection with
virus shedding. The latter describes a situation like that observed in outbreaks caused by SAT viruses (Vosloo and
Thomson, 2017), where there is low apparent morbidity but large numbers of cattle may be infected without
showing clinical signs. This presents a higher risk for dissemination of the virus during the outbreak (Stenfeldt and
Arzt, 2020). Importantly, it also means that surveillance based on clinical signs alone may be ineffective for early
detection of outbreaks.

Designing a surveillance programme that is not based on clinical inspection is complicated and, as this would likely
need to involve large scale regular sampling of populations for laboratory testing, the costs would be extremely high.
As it is unusual for an outbreak to occur without a single animal showing clinical signs, although one such outbreak
has been reported (Vosloo and Thomson, 2017), closer observation of herds through the use of trained herders is
highly recommended. This should be combined with risk mitigation measures that minimise to the greatest possible
extent the level of contact between cattle herds, which again can best be implemented by professional herding.

Fences: impacts on wildlife and role in control of FMD

Transmission of FMD virus from buffalo periodically causes outbreaks in cattle (Thomson, 1995; Vosloo, Boshoff
et al., 2002; Vosloo and Thomson, 2017). Although the mechanism whereby it occurs is not fully understood,
transmission likely occurs when buffalo calves lose their maternally acquired immunity and are exposed to the virus,
at which point they may develop high levels of viraemia and shed large quantities of virus (Vosloo and Thomson,
2017). For this reason, cordon fences have been extensively used to prevent contact between buffalo and livestock.
These fences enabled several southern African countries to create zones recognized by WOAH as officially free
from FMD without vaccination (Thomson et al., 2013a). However, in addition to being detrimental to wildlife
conservation and rural economies in areas outside the free zones, the approach has not been sustainable. In spite of
fences around KNP in South Africa, combined with zoning, intensive surveillance and movement controls that kept
South Africa free of FMD outbreaks outside the designated zones for almost half a century, in the last several
decades the situation has deteriorated (Jori et al., 2009). Outbreaks of FMD occurred in South Africa when flood
damage to fences around KNP in 2000 allowed buffalo to stray into the FMD control area where the cattle were not
vaccinated, and sequencing of the outbreak viruses supported the epidemiological evidence that buffalo were the
source of the outbreaks (Jori et al., 2009; Vosloo, Boshoff et al., 2002). This suggested that a combination of fences
and vaccination were needed to prevent FMD outbreaks in cattle (Vosloo, Boshoff et al., 2002). Nevertheless,
further suspensions of the free zone occurred in 2011 and 2019 when illegal movements of cattle caused outbreaks
in the free area that, since 2019, have involved several provinces. And although the first outbreaks occurred adjacent
to KNP, subsequent spread has been entirely due to uncontrolled movement of cattle. Furthermore, experiences in
Botswana and Namibia indicate that fences and vaccination provide no guarantees. Increased numbers of outbreaks
have occurred in the zones in both countries that are not free of FMD despite the deployment of fences to separate
wildlife from cattle, and cattle vaccination being undertaken twice or three times annually (Vosloo and Thomson,
2017).

In Botswana, some of the outbreaks occurred in free zones (Baipoledi et al., 2004; Derah and Mokopasetso, 2005).
As mentioned, Zimbabwe lost access to the EU market for its beef in 2000 due to uncontrolled FMD outbreaks
(Scoones et al., 2010). Possible reasons for the increase in FMD outbreaks included fence damage by elephants and
flooding, inadequate fence maintenance and vandalism (Babayani and Thololwane, 2022; Jori et al., 2009). Less
than adequate protection by vaccination appears to be a central issue, and is likely due to a range of reasons,
including disrespect of cold chain requirements, inadequate percentages of cattle being vaccinated and mismatches
between vaccine and outbreak strains (Atkinson et al., 2019; Maree et al., 2014). It has been suggested that
alternatives to reliance on fencing are essential because, among other reasons including environmental impacts, the
level of maintenance required is not achievable (Babayani and Thololwane, 2022; Thomson et al., 2013a). It’s



noteworthy that vaccination rates are very high in Botswana’s Chobe District, with very few FMD outbreaks despite
a lack of veterinary cordon fencing and cattle and wildlife sharing grazing and water resources.

Veterinary cordon fences are highly controversial from the point of view of biodiversity conservation (D. H. M.
Cumming et al., 2015; Ferguson et al., 2013; Gadd, 2012; Hering et al., 2022; Mbaiwa and Mbaiwa, 2006; Osofsky
et al, 2005; Osofsky, 2019; Perkins, 2010; Pietersen, 2022; Sutmoller, 2002; Weaver et al., 2013). There are many
studies on the adverse effects of fences on large herbivores, including ungulates and elephants, and carnivores
(Bartlam-Brooks et al., 2011; Brennan et al., 2020; Chase and Griffin, 2009; Cozzi et al., 2013; Hering et al., 2022;
Huang et al., 2022; Naidoo et al., 2016a; Naidoo et al., 2018). It has been observed that double electric fences can
impact giraffes that can become trapped between them (Atkinson et al., 2022). However, a recent study in South
Africa has highlighted the threat that electrified fences also pose to smaller species such as the highly endangered
Temminck’s pangolin (Smutsia temminckii) and several reptile species (Pietersen, 2022). The negative effects of
cordon fences on biodiversity conservation have made it imperative to seek alternative ways of managing FMD
(Ferguson et al., 2013; Gadd, 2012; Osofsky et al, 2005; Osofsky, 2019; Thomson et al., 2004; Thomson et al.,
2013a). Paradoxically, although the purpose of veterinary cordon fences is to provide reliable separation between
wildlife and domestic livestock, it does not accord FMD-free status to the farmed areas immediately adjacent to the
fences, as the potential for contact is considered too high by veterinary authorities. Exclusion of livestock owners in
these areas from higher value markets provides another reason for seeking alternative approaches that will provide
better guarantees of safe beef and improve market access for communal farmers (Ferguson et al., 2013; Scoones et
al., 2010; Thomson et al., 2013b). To achieve this, a good understanding of the epidemiology of FMD in particular
contexts is needed, including the relative importance of wildlife versus cattle in terms of initiating and spreading
outbreaks, and the mitigation measures needed in each context (Osofsky et al, 2005; Rosen et al., 2024; Weaver et
al., 2013).

A recent study in Botswana identified several issues other than buffalo contact that are challenging for FMD
management, including (for example) cross-border livestock theft and livestock owner apathy (Mogotsi et al., 2016).
Furthermore, outbreaks have occurred in free zones without opportunities for buffalo contact but with proximity to
potentially infected cattle via an international border (Baipoledi et al., 2004). The socio-ecological factors and
economic pressures that contribute to FMD outbreaks also need to be considered and addressed (G. S. Cumming et
al., 2015; Mogotsi et al., 2016; Scoones et al., 2010), as do negative impacts of FMD management approaches on
biodiversity conservation (Heermans et al., 2021; Osofsky, 2019). In short, the costs and benefits of different
interventions across sectors need to be considered (Barnes, 2013; Knight-Jones and Rushton, 2013; Osofsky, 2019).
Fences do have purposes other than prevention of FMD, which can include protection of wildlife and prevention of
human-wildlife conflict, but there is a pressing need for careful evaluation before fences are erected and also for
evaluation of existing fences in terms of costs and benefits (negative versus positive effects) (Durant et al., 2015;
Osofsky, 2019; Osofsky and Taylor, 2021; Woodroffe et al., 2014). The high number of veterinary cordon fences in
the SADC region is a particular cause for concern, and this is emphasized in the Phakalane Declaration on Adoption
of Non-Geographic Approaches for Management of Foot and Mouth Disease by member states which recommends,
among other things, strategic realignment of fences in order to reduce their impact on wildlife (Durant et al., 2015;
Osofsky and Taylor, 2021; SADC, 2012).

KAZA as a case study

Understanding wildlife migration routes and what determines them is important for planning how to support
connectivity and thus secure access to suitable habitats for large herbivores over space and time, including
elephants. Recent initiatives have enabled mapping of areas needed by elephants in terms of availability of water,
vegetation, lack of natural and artificial barriers to migration, land-use types and levels of human activity at a range
of scales (Huang et al., 2022; Shaffer et al., 2019). One of the negative results of veterinary cordon fences in KAZA
is that the largest population of elephants in the world is bottled up in areas that are too small to supply the
elephants’ needs over time. Aerial and ground surveys and radio collaring studies have confirmed that the fences
constitute a significant barrier to elephant migration, with females being more reluctant to cross the fences than
males (Brennan et al., 2020; Chase, 2011; Chase and Griffin, 2009; Chase et al., 2014; Chase et al., 2018; Naidoo et
al., 2022; Osofsky and Taylor, 2021). Conservation areas are surrounded by land uses that include traditional crop
and livestock production, which are expanding to feed a growing human population. In particular, an increase in
human and elephant populations in the Okavango panhandle has resulted in worsening human-elephant conflict,
mainly due to crop damage although human and elephant fatalities also occur (Buchholtz et al., 2020; Meyer and



Borner, 2022; Songhurst, 2017; Songhurst and Coulson, 2014; Songhurst et al., 2016). Lack of market access for
cattle resulted in little incentive for investments in livestock rearing (like herding) (Thomson et al., 2013a). The
increasing conflict between elephants and people could be alleviated by restoring elephants’ ability to move into less
heavily populated areas in Namibia, Angola and Zambia (Osofsky and Taylor, 2021) through strategic
decommissioning of specific fence segments as supported by science-based livestock disease risk assessments
(Atkinson et al., 2022; Rosen et al., 2024).

Connectivity is the subject of considerable research in KAZA, not only to enable the elephant population to move
freely (KAZA TFCA Secretariat, 2019; KAZA TFCA Secretariat, 2023; Perkins, 2019), but to protect other
essential wildlife movements, including the longest migration in Africa, undertaken by zebras moving between
Namibia and Botswana (Bartlam-Brooks et al., 2011; Naidoo et al., 2016a). As the problems of poaching and habitat
loss due to human encroachment have been identified worldwide as the major causes for declines in elephant
populations (Chase et al., 2016; Schlossberg et al., 2018; Schlossberg et al., 2020; Shaffer et al., 2019), initiatives
are needed at global, continental, regional and local levels to prevent extinction. Poaching has been reported to be a
growing problem in Botswana (Schlossberg et al., 2019). Enabling elephants to restore historical movement patterns
could reduce pressure from poaching as well as habitat encroachment, as elephants tend to avoid close human
contact as well as to actively move away from heavily poached areas (Schlossberg et al., 2019). While stronger anti-
poaching measures are recommended (Schlossberg et al., 2018, 2019), holistic approaches involving multiple
stakeholders including communities living at the interface with wildlife are being undertaken in KAZA to promote
sustainable biodiversity conservation. Reducing human-wildlife conflict and enabling communities to benefit from
wildlife conservation and thus incentivizing active protection of wildlife are key to sustainable livelihoods as well as
biodiversity conservation. One initiative that originated in Zimbabwe was the well-documented Communal Areas
Management Programme for Indigenous Resources (CAMPFIRE) program (CAMPFIRE Association, 2024; Child
and Barnes, 2010; Murombedzi, 2001; Taylor, 2009). Lessons and experiences were subsequently adapted and
developed in Zambia and Botswana, and in Namibia with the establishment of communal conservancies (Jones and
Erdmann, 2013; Naidoo et al., 2016b; Weaver and Petersen, 2008). In spite of challenges related to governance,
benefits sharing and sustainability, such community involvement remains key to the success of TFCAs, and
problems that arise need to be investigated and solutions found (Mudzengi et al., 2021). One such solution may lie
in performance-based wildlife premium mechanisms for communities that conserve ecosystem services, for example
by maintaining wildlife corridors (Dinerstein et al., 2012). Another promising contribution to community-based
conservation is the Herding for Health (H4H) model, which has been piloted in northern Botswana and elsewhere, to
improve livestock-derived livelihoods and reduce or eliminate illegal wildlife consumption and trade (Heermans et
al., 2021) while also mitigating livestock disease risks.

In areas where crop-growing is minimal and livestock farming predominates, for instance in Namibia’s and
Botswana’s portions of KAZA, predation by large carnivores may become the most important source of conflict (du
Toit et al., 2017). Providing better protection for livestock increases tolerance towards predators and enables co-
existence (Cozzi et al., 2013). Secure kraaling of domestic livestock at night and herding during the day are helpful,
and represent fundamental objectives of the H4H model, which focuses on rangeland, animal and community health
(Heermans et al., 2021). Mobile kraals that conceal livestock from predators are used to protect cattle at night, while
trained herders protect them as they graze during the day (Fynn et al., 2016). Similarly, research findings from
Tanzania indicate livestock depredation can be reduced by using fortified bomas at night and vigilant herders during
the day (Mkonyi et al., 2017).

Mitigating the risk of FMD by implementing commodity-based trade of beef

The concept of catalyzing market access for beef produced in areas of southern Africa not free from FMD by
providing value chain-based assurance that such beef can be produced free from FMD virus was developed as an
alternative to geographical (fence-based) standards that demand country or zonal freedom from FMD (Thomson et
al., 2004; Thomson et al., 2013a,b). The CBT approach combines risk mitigation for FMD along value chains (FAO,
2011) and a HACCP (Hazard Analysis and Critical Control Points)-like approach to ensuring the safety of the final
product, which is matured, deboned beef from which all visible lymph nodes have been removed (Thomson et al.,
2013b). In spite of initial skepticism, WOAH (OIE at the time) committed to investigate opportunities to develop
new standards for risk reduction for trade in livestock commaodities in collaboration with international and regional
organizations (Thomson et al., 2009). Based on a risk analysis performed on behalf of WOAH for FMD virus in
deboned beef, Paton et al. (2010) reported a very low risk that could be reduced to negligible by adding certain
upstream and downstream mitigation measures. The concept was further developed, and CBT of beef was later



endorsed by member countries of SADC at a meeting in 2012 (SADC and AHEAD, 2012), where The Phakalane
Declaration on Adoption of Non-Geographic Approaches for Management of Foot and Mouth Disease was adopted
(SADC, 2012). A follow-on proposal to WOAH resulted in the birth of a new paradigm for producing beef in “red
zones” (FMD-infected zones) that could actually attain broader market access. As mentioned above, in 2015,
WOAMH, which provides standards for its 183 member countries related to international trade in commaodities
(including beef) that are a potential source of animal disease agents, updated their Terrestrial Animal Health Code
and made it possible for African countries with wild species like buffalo that naturally harbor FMD viruses to be
able to trade beef without necessarily requiring the physical separation of wildlife and livestock through the
extensive veterinary cordon fencing that has characterized animal disease management in southern Africa since the
colonial era.

Implementation of CBT is underway in the Zambezi Region of Namibia and in Botswana’s Ngamiland, neither of
which are free of FMD due to the presence of infected wildlife, drawing from a pilot project in Namibia (Meat
Board of Namibia, 2014) and a gap analysis in Botswana (Atkinson et al., 2019), among other technical assistance
endeavors. Official Guidelines on Commodity-Based Trade Approaches for Managing Foot and Mouth Disease Risk
in Beef in the SADC Region have been published (SADC and AHEAD, 2021). Specific risk mitigation measures are
recommended throughout the value chain, from the farm to the final product, and include preventing livestock
contact with wildlife as can be supported by trained herders, good farming practices that includes compliance with
animal identification and vaccination protocols, motorized transport to a quarantine station that is under direct or
indirect supervision of the official veterinary service, inspection, and motorized transport to the designated abattoir
on completion of the 30-day quarantine period. At the HACCP-compliant abattoir, the animals undergo ante- and
post-mortem inspection and, after a maturation period of at least 24 hours at greater than 2°C so that muscle pH
drops below 6.0, the carcass is deboned and all visible lymph nodes are removed from the deboned beef before it is
packed for storage and dispatch.

In Ngamiland, there are farms that are being managed as compartments through implementation of a stringent
biosecurity plan, and some alternatives to the official quarantine station are being piloted, included privately owned
feedlot quarantines and community-managed mobile quarantine stations. These are needed because the only
functional official quarantine station is a long distance from the northern parts of the district. The mobile quarantine
facilities enable the cattle to maintain good condition until they can be moved directly to an approved abattoir for
slaughter.
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