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Abstract

Bovine tuberculosis (bTB) was first diagnosed in cattle in South Africa in 1880 and proclaimed a controlled disease

in 1911. Testing of cattle for bTB is voluntary and only outbreaks of disease are reported to the National Department
of Agriculture so the prevalence of the disease in cattle is largely unknown. There is a Bovine Tuberculosis Scheme
which is aimed at the control of bTB in cattle but the same measures of test and slaughter, and the quarantining

of the property apply to wildlife as well. bTB was first diagnosed in wildlife in a greater kudu in the Eastern Cape

in 1928 and has to date been found in 24 mammalian wildlife species. The African buffalo has become a mainte-
nance host of the disease, which is considered endemic in the Kruger National Park, the Hluhluwe-iMfolozi Park

and the Madikwe Game Park. Control of bTB at the wildlife-livestock interface is difficult because of spill-over and spill-
back between species. Only buffalo are required by law to be tested before translocation, but bTB has been intro-
duced to the Madikwe Game Park probably by the translocation of other infected wildlife species. There is no national
control strategy for the control of bTB in wildlife. Indirect tests have been developed to test for bTB in eight species,

6 of which can be considered endangered. More research needs to be done to develop an effective and efficient
vaccine to combat the transmission of bTB within and between species. New policies need to be developed that are
effective, affordable and encompassing to control the spread of bTB in South Africa.
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Background

South Africa is a land of beauty and splendour, it is also
a land of diversity and contrast. South Africa ranks as
the third most biodiverse country in the world with
95,000 known species, 299 of which are mammalian [1].
There are a diverse range of biomes [1]. It has a pop-
ulation of about 60.14 million people [2], 9 provinces
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and 11 official languages. The Animal Diseases Act,
1984 (Act 35 of 1984) is a national Act but the imple-
mentation thereof is a shared responsibility in terms
of the Constitution of South Africa between national
and provincial governments. Implementation is thus
devolved to the nine provinces and is therefore subject
to local priorities and resources. 16,3 million people
live below the international absolute poverty threshold
of $1.90/day [3]. South Africa is urbanising rapidly: 63%
of South Africans are already living in urban areas and
will rise to 71% by 2030. By 2050, eight in 10 people will
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be living in urban areas and this will increase demand
on basic infrastructure requirements [4].

According to the World Health Organisation (WHO)
an estimated 360,000 cases of active human tuber-
culosis (TB) occurred in South Africa in 2019. The
incidence has been dropping since 2009 but TB still
remains the leading cause of death in South Africa
[5, 6]. In addition, South Africa remains the epicen-
tre of the global HIV pandemic. An estimated 7.2 mil-
lion South Africans are living with HIV, and in 2019
the HIV co-infection rate among notified TB cases in
South Africa was 59% [7].

Climate change is adversely affecting South Africa —
dry seasons are becoming longer, and the rainy seasons
are starting later and becoming more variable. Torrential
downpours as opposed to soft soaking rains cause flash
flooding [1, 8]. Much of South Africa is arid or semi-arid
and as a result many commercial farmers have switched
from livestock farming to wildlife ranching on unproduc-
tive and marginal land. There are approximately 9,000
private game ranches owned by 2,000 landowners in
South Africa covering an estimated 0,2 million square
kilometres. Private game ranches across the country
carry roughly three times more wildlife than national
and provincial parks [9]. South Africa is home to the “Big
Five” i.e., the elephant, rhinoceros, buffalo, lion and leop-
ard which attracts many tourists to the country. Wildlife
or eco-tourism is very important to the South African
economy as international tourists contribute to the Gross
Domestic Product (GDP), job creation, rural develop-
ment and the socio-economic upliftment of communities
surrounding the parks [10].

Cattle farming practices are many and varied in South
Africa ranging from commercial farmers, many employ-
ing first world standards; to smaller commercial units,
emerging farmers, communal (including traditional)
farmers and subsistence farmers. Commercial cattle
make up around 58% of the national herd, emerging,
communal and subsistence cattle 42% of the national
herd of 13,601 million cattle. Dairy cattle account for
approximately 10% of cattle in the commercial cattle
population [11, 12]. There are no subsidies for farmers
in South Africa. Over the years profit margins have seen
smaller dairies disappear, and the rise of larger dairies
where the economy of scale helps keep dairy farms viable.
Many of the traditional farming enterprises lie between
or alongside game parks, reserves or ranches where wild-
life may be infected with bovine tuberculosis (bTB). Spill-
over from cattle to wildlife, or spill-back from wildlife
to livestock may occur at the wildlife-livestock interface
[13-17]. Once endemic in a wildlife population or in a
multi-host setting at the livestock-wildlife interface, bTB
is very difficult to eradicate.
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The Animal Diseases Act, 1984 (Act 35 of 1984)
makes allowances for the control and eradication of bTB
through its regulations and “Bovine Tuberculosis Scheme
R1953" Testing is voluntary and reporting is poor. Little
attention is paid to livestock other than cattle. There is
no political will, or funding to support the scheme. There
are no subsidies granted for TB testing. The scheme does
not differentiate between the control of bTB in cattle or
wildlife, or between commercial and communal farmers.
There is a socio-economic difference in the value of cattle
belonging to commercial and communal farmers which
is not considered in the current Bovine Tuberculosis
Scheme [13, 15].

The purpose of this rather bleak introduction is to
bring into perspective the challenges that can face vet-
erinarians in their quest to either perform a TB test, their
interpretation of the TB test once performed; and the
control and eradication of the disease.

Current situation regarding bovine tuberculosis in SA
Positive skin reactions to the SICTT, or macroscopic
lesions indicative of M. bovis infection in culled animals
are reported to the epidemiology section of Veterinary
Services in Pretoria. The division in turn verifies the data
and from this data, Table 1; Fig. 1 for the period January
to December 2019; and Table 2; Fig. 2 for the period Sep-
tember 2020 to August 2021 were created (Dr. Pienaar,
Pers. Comm.).

During January — December 2019, 28 outbreaks of
bTB comprising 64 cases were reported to national
government.

Case - means an individual animal infected by a path-
ogenic agent, with or without clinical signs. Outbreak
- means the occurrence of one or more cases in an epi-
demiological unit. Where an epidemiological unit means
a group of animals with a defined epidemiological rela-
tionship that share approximately the same likelihood of
exposure to a pathogenic agent [18].

Whilst during the Covid-19 pandemic a very different
picture emerged.

The prevalence of bTB in both cattle and wildlife is
unknown.

Legislation

There are in essence 3 Acts that provide the legal man-
date for control actions related to bTB namely the Ani-
mal Diseases Act, The Meat Safety Act and the Animal
Identification Act.

Bovine tuberculosis was first noted in cattle in South
Africa in 1880 and has been a notifiable animal disease
in South Africa since 1911. The “Bovine TB eradication
scheme” was introduced in the Republic on 14 May 1969.
At that time there was political will as well as sufficient
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funding of the scheme, and sufficient manpower to
implement the scheme. There was a high level of compli-
ance on the part of commercial farmers for the scheme.
During 1970/71, 232 Stock inspectors were trained, and
private veterinarians were contracted by the state to test
for bTB. The state paid compensation at slaughter for any
cattle diagnosed on the intradermal skin test as being
infected with bTB. When the Animal Diseases Act, 1984
(Act 35 of 1984) replaced the previous Animal Diseases
and Parasite Act, 1956 (Act 13 of 1956), tuberculosis was
maintained as a controlled disease. The Animal Disease
Regulations (GN R2026 of 1986) that was promulgated in
terms of Act 35 of 1984, refers to the control of Mycobac-
terium bovis, M. avium and M. tuberculosis. As a result
of the Act, a voluntary “Bovine Tuberculosis Scheme,
R1953” was promulgated on 30 September 1988 and is
presently still applicable. There was a uniform computer-
ised reporting system across the four provinces as well as
reliable and standardised census data. The bTB Scheme
is a voluntary scheme, but once bTB is diagnosed or sus-
pected in a herd, control becomes legally compulsory and
a quarantine on the movement of cattle is imposed. There
is a Veterinary Procedural Notice for Buffalo disease risk
management (Buffalo VPN) for the testing of buffalo for
bTB prior to movement. There is no legislative require-
ment to test other wildlife for bTB.

After 1994 when South Africa became a democratic
republic with nine provincial governments, disease con-
trol was devolved to the provinces. The control of bTB
became a lesser priority with funding prioritised for
other priorities within provinces. In accordance of the
Animal Diseases Act, control is based on test and slaugh-
ter in domestic species and buffalo. Although provision
for compensation is made in the Animal Diseases Act,
compensation is generally not paid.

According to the Meat Safety Act, 2000 (Act 40 of
2000), no person may slaughter any animal at any place
other than an abattoir except if the meat is for their own
consumption or for cultural purposes. It is acknowledged
that Iillegal or informal slaughtering does take place of
which infected TB carcases will not be notified to local
authorities. The owner of the abattoir must procure a
registered independent meat inspector to perform a meat
inspection service. The meat inspection includes ante-
mortem inspection, primary and secondary meat inspec-
tion. Primary meat inspection means the inspection, by a
registered meat inspector, of a carcass and organs directly
after flaying and evisceration. Secondary meat inspection
means the inspection, by a registered veterinarian, of a
carcass and organs detained during primary meat inspec-
tion such as cattle with visible tuberculous lesions and
especially anergic cattle with advanced lesions. The ideal
is that when identified during primary meat inspection
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performed at abattoirs there will be traceability back to
the farm of origin.

In terms of the Animal Identification Act, 2002 (Act 6
of 2002), there is a herd identification system where cattle
should be branded or tattooed with a unique identifica-
tion mark supplied by the Registrar of the Act. This Act
is policed through the Stock Theft Act, 1959 (Act 57 of
1959) by members of the various Provincial Stock Theft
Units, a specialised unit of the South African Police Ser-
vices. In theory this unique brand mark should be able
to trace an animal found to be infected with tuberculosis
back to a herd of origin, but in practice it rarely does as
animals may not be marked, they may have changed own-
ership or marks may be unidentifiable. Very few cases of
bTB are diagnosed at an abattoir, and if diagnosed are
rarely traced back to the herd of origin. There is legisla-
tion available to support a national animal identification
and traceability system (LITS) in the country under the
Animal Identification Act, 2002, but this has not been
implemented yet. This will hopefully address one of the
challenges of tracing cattle found to be infected with bTB
at an abattoir back to the farm of origin.

Political constraints to eradication

In 1994 South Africa had its first democratic elections.
Nine provinces were created, and veterinary services pro-
vincialized with central government having a concurrent
responsibility with the provinces for animal disease con-
trol but in reality, only overseeing and setting of national
policies for disease control. Each province has its own
focus for animal health and disease control. The OIE
summarised the problems arising from provincialisation
in their Performance of Veterinary Services (PVS) Evalu-
ation report of the Veterinary Services in South Africa
dated October 2012. They reported “Constitutional
change has introduced a break in the chain of command
in the VS (Veterinary Services) as it has become the “con-
current” responsibility of both national and provincial
political authorities. This break in command is univer-
sal except in cases of national emergency” This break in
command has also negatively affected disease report-
ing. The OIE report goes on further to state that “Data
management is generally effective and widely utilised.
However, the break in the chain of command limits data
collection, analysis and reporting at central level. The
data is not being used to develop comparative, efficacy,
efficiency and cost benefit analyses for animal health pro-
grammes” [19].

Currently the National Department of Agriculture does
not know how many non-infected herds are being tested
for TB as only infected herds are reported by provinces.
Because of this and poor census data, the prevalence of
bovine TB cannot be established and therefore strategies
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to implement surveillance or to control and eradicate
bovine TB cannot be developed and implemented. Cur-
rently there is no national strategic plan for the con-
trol and eradication of bTB in livestock or wildlife, and
generally no compensation for the slaughter of infected
animals.

The breaks in the chain of command negatively affects
authority and the manner in which the Bovine Tubercu-
losis Scheme is implemented in each province. Currently
the compliance of livestock owners with the applicable
legislation for bTB testing, and the enforcement thereof
by government is variable. All bTB testing apart from
infected herds and some surveillance cases is paid for by
the cattle owner. There is otherwise no funding by indus-
try or the state. Dairy farmers are required by legisla-
tion to test their herds for TB, this mainly as a result of
export requirements, so the majority of dairy cattle are
tested. Some milk buyers will deduct a small amount per
litre of milk from payment if the TB and Brucellosis tests
are not up to date. This acts as an incentive for the dairy
farmer to test. It is thought that most of the estimated
1,4 million dairy cattle in the country are tested for bTB
[7]. Stud beef farmers may also test their herds as part of
an individual herd health status programme. Commer-
cial beef and communal farmers generally do not test
their herds and therefore farm with cattle of unknown
health status. However, in some provinces emerging,
communal and subsistence farmer’s cattle may be tested
by state veterinary services as a form of surveillance; to
prevent zoonotic bTB from occurring; or for research
purposes [14-17].

Presently there is no clear national implementa-
Table 1 Number of reported bTB outbreaks and cases from

January to December 2019. (Department of Agriculture Forestry
and Fisheries) (Dr. Pienaar, Pers. Comm.)
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scheme, and implementation of the current legislation
is inconsistent and insufficient. National government
is focussing on education, social protection and human
health, not Agriculture, resulting in a low prioritisation of
funding for veterinary service delivery. The Department
of Agriculture, Land Reform and Rural Development
(DALLRD) only received R27.5 billion of the total budget
of R2,157.3 billion in the 2022/2023 budget allocation or
1.2% of the 2022/23 National budget [20]. Programme
2 of DALRRD, to which Veterinary Services belongs
received R2.5 billion (9%) of this 2022/2023 budget [21].
Furthermore, there are many vacancies and unfunded
posts in State veterinary services. Newly qualified veteri-
narians are obliged to conduct compulsory community
service for the first year after graduating as veterinarians
in the employ of national government, either in national
government or provincial posts. This is an attempt to
fill these vacant positions, not contributing significantly
to TB testing. Private veterinarians and Animal Health
Technicians (AHTs) working in the private sector are
testing cattle and herds, but they are not contracted by
the state to do so which leads to poor reporting and low
testing frequency. Authorisation of veterinarians and
AHTs is needed to stimulate compliance with reporting.

Technical constraints

M. bovis is part of the Mycobacterium tuberculosis com-
plex (MTC) that constitutes a remarkably genetically
homogeneous group. bTB probably has the widest host
range of the pathogenic mycobacteria. MTB and bTB are
characterized by a 99.9% similarity at the nucleotide level
and identical 16 S rRNA sequences [22]. As stated in the

Table 2 Number of reported bTB outbreaks and cases from
September 2020 to August 2021. (Department of Agriculture
Forestry and Fisheries) (Dr. Pienaar, Pers. Comm.)

Species No. of outbreaks No. of cases
Cattle 8 22

Buffalo 10 30

Leopard 5 5

Lion 3 3

Warthog 2 4

Total 28 64

tion plan, or political will to eradicate bTB from cattle
herds or wildlife in South Africa. In recent years atten-
tion has been focussed on the control of African Swine
Fever (ASF), Highly Pathogenic Avian Influenza (HPAI)
and Foot and Mouth Disease (FMD) that are draining
resources and place exports in jeopardy. As previously
stated, the Bovine Tuberculosis Scheme is a voluntary

Species Number of outbreaks Number
of cases

Cattle 2 6

Buffalo 1 2

Lion 5 5

Total 8 13

introduction, South Africa has an extremely high level
of human TB, and urbanisation is increasing, often lead-
ing to an increase in urban farming. This can increase
the risk of transmission of mycobacteria between cattle
and humans (zoonotic transfer) and conversely between
humans and cattle (reverse zoonosis) [23-25].

Zoonotic tuberculosis can occur due to closer con-
tact with cattle with a higher potential infection rate in
untested animals and the absence of pasteurisation of
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Fig. 1 Distribution of reported bTB outbreaks in South Africa during 2019. (Department of Agriculture Forestry and Fisheries) (Dr. Pienaar, Pers.

Comm.)

milk and its products, wound mediated transmission
during slaughter, or the consumption of infected under-
cooked meat. The higher level of poverty, malnutrition
and HIV-infection rate decreases immunity in humans
making them more susceptible to infection [26]. If cat-
tle are shedding bTB and infect humans, the extent of
the zoonotic infections within a community will not be
known as the first line TB test used in South Africa is the
Xpert ULTRA, which detects the 1S6110 insertion ele-
ment found uniquely in the MTC so this test would not
differentiate the between M. bovis and M. tuberculosis.
Confirmatory testing on all cultured mycobacteria using
an immunochromatographic test (ICT) based on the
detection of IgG antibodies is used. If the ICT is negative
then molecular tests are performed to identify the species
of the organism, which includes M. bovis, M.caprae and
BCGosis. These cases are extremely rare and given the
burden of M. tuberculosis in South Africa this differentia-
tion is not considered a priority (Dr. Vally Moosa, Pers.
Comm). Muller et al. [23] made no mention of bTB cases
of tuberculosis being found in humans in South Africa.
If a person is suffering from zoonotic TB, the treatment

used to treat MTB will be effective even though M. bovis
is resistant to one of the antibiotics used [27].

A reverse zoonosis is also possible as management
practices bring cattle into close contact with MTB, and it
will sensitise cattle to the bovine Purified Protein Deriva-
tive (PPD) tuberculin and interfere with skin test results
[28]. This sensitisation is a problem on dairy farms where
staff may be suffering from MTB and the expectoration
of sputum exacerbates the problem. Even though farm
staff may be tested and not be infected with MTB, visi-
tors to the staff may be infected, and paths often take visi-
tors past cattle camps to staff houses. The inability of skin
tests to differentiate between bTB and MTB is very chal-
lenging in the field. MTB was isolated from two epidemi-
ologically unrelated farms in the Eastern Cape Province
[24]. M. tuberculosis was cultured as a co-infection with
M. bovis from tonsillar tissue in a buffalo from the North-
ern Cape Province [28]. M. tuberculosis has been cul-
tured from a Chacma baboon living in the wild (personal
experience) and in a wild elephant in the Kruger National
Park (Dr. de Klerk-Lorist, Pers. Comm).
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Infected cattle with advanced pathology due to bTB
and which are more likely to be shedding M. bovis, may
not be responsive on the skin test (anergic) and remain in
the herd spreading disease [29-31]. The ELISA test may
be helpful in antibody detection in these anergic cattle,
but its sensitivity may not be sufficient to inform a cor-
rect diagnosis [20]. The ELISA test was validated in South
Africa but is not generally used.

South Africa does not manufacture its own bovine
or avian tuberculin PPD, so this needs to be imported
through an import permit acquired from the regis-
trar of the Fertilizers, Farm Feeds, Seeds and Remedies
Act, 1947 (Act 36 of 1947). Often this permit can take
months to acquire leading to a shortage of tuberculin
in the country, and a halt to testing. Currently bovine
tuberculin PPD of two manufacturers can be imported
into the country — from Intertest (through MSD), and
Prionics (through Onderstepoort Biological Products
- OBP). Intertest’s concentration is 50,000 IU/ml [32],
and Prionics is 30,000 IU/ml [33], both above the OIE
Terrestrial Manual’s recommendation of 2,000 IU/dose
[28]. However, the difference in concentration between

the two PPD’s is noticeable in the field 72 h after testing
using the single intradermal tuberculin test (SITT) [34].
Many more small, hard, circumscribed and loose lesions
are felt on palpation when the higher concentration of
bovine PPD is used. This is particularly unnerving for
inexperienced veterinarians or technicians. During the
Covid-19 outbreak in 2020, the OBP did not have stock of
tuberculin and could not import Bovine PPD due to the
lack of international flights, so could not supply veteri-
narians with Bovine PPD (Dr. Malahlela, Pers. Comm.).
MSD who had Bovine PPD reported a significant drop in
Bovine PPD sales (Dr. Austin, Pers. Comm.).

Both PPD tuberculin should be stored at a temperature
of 2—8° Celsius, but Prionics PPD may be transported at
2-37° Celsius for up to 14 days which may lead to mis-
interpretation by the end user [33]. The storage tem-
perature when testing in the field is often not feasible
under South African situations as temperatures often
exceed the critical levels. Cooler boxes and ice packs can-
not maintain the required temperature levels over the
course of a day. Most vehicles are not equipped to run
small camping refrigerators. In rural areas, it sometimes
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requires a long walk to get to cattle herds as no roads
exist, or are only accessible by 4 x4 vehicles.

Non-technical constraints

In dairy herds the risk of spread of bIB between cat-
tle increases as not only do dairy cattle congregate at
the dairy parlour two to three times a day, but they also
congregate around feed bunkers and water troughs. This
risk can be influenced by management where some dair-
ies are moving to a system of zero grazing, and herd
housing with fans and misters to keep cows cool, creat-
ing the optimum environment for the Mycobacterium
to survive. Water is a scarce commodity in many areas
of South Africa and is being recycled and used to clean
the concrete aprons in front of the parlour. Other meth-
ods of cow management may also negatively impact on
disease control. The damp moist conditions found in
dairies can allow for the growth of bTB and other Non-
Tuberculous Mycobacteria (NTM) which can sensitise
the animal and interfere with the skin tests [35, 36].
From personal experience the use of molasses wheels to
increase energy consumption and prevent ketosis in the
dry cow camp, led to a resurgence of bTB in a chroni-
cally infected dairy herd.

In urban and rural areas, cattle are often kept in small
camps close to dwellings at night due to the risk of theft
or predation, this congregation of animals increases the
risk of spread of bTB in an infected herd and contact
with MTB and NTM [37]. The cattle of traditional farm-
ers may have the added problem of becoming infected by
grazing near to or with infected wildlife at the wildlife-
livestock-human interface, sharing contaminated grazing
or water sources, congregation at dip tanks or through
uncontrolled movement of animals [16].

A novel NTM, Mycobacterium malmesburyense was
cultured from various places in South Africa from
water, nasal and pharyngeal swabs, as well as bovine
lymph nodes [11]. Skin reactions on the dairy farm in
the Malmesbury district where this species was iden-
tified are extremely difficult to interpret — the non-
specific skin reactions may or may not be due to this
species [35, 36].

As the skin test has to be assessed 72 h after the intro-
duction of PPD, sometimes in the case in emerging, com-
munal or subsistence production systems some or all the
animals are not presented for palpation and diagnosis. To
try and avoid this situation, incentives are often used e.g.
treatment with anti-parasitics to rid the cattle of either
internal or external parasites during reading.

In large dairies, individual cow numbers are normally
not recorded — numbers will only be recorded when
done in conjunction with blood sampling for bovine
brucellosis. Numbers of cattle tested are therefore
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given by the farmer from his computer spread sheets
and may not be accurate. There are often duplicate
numbers when other herds with the same format for
numbering cows are bought in. Quite often cattle may
inadvertently not be tested, or not be presented after
72 h as they have changed milking groups or calved
down. As milk production drops when dairy cattle are
taken out of their routine, farmers get annoyed with
the loss of income over the testing period.

Routine or parallel Interferon gamma (IFG) blood
tests to determine the presence of bTB in a herd are
not routinely done or are not practical because of cat-
tle numbers, distance to laboratories and great expense
involved. Recent research conducted using a bacte-
riophage method combined with phage-PCR demon-
strated MTC circulating in blood [38]. This method
may be of use in South Africa once further research is
concluded in the European Union. The OIE will first
need to approve the Actiphage test, and this will be fol-
lowed by the long process of getting it imported and
validated for South African conditions.

Cattle belonging to farmers in urban and deep rural
areas are not used to being handled which makes
the process of testing and reading tedious. Pens and
crushes are often inadequate or absent. Mobile pens
and crushes have been purchased in some state vet-
erinary areas to overcome these difficulties. Long dis-
tances, setting up and handling times have a negative
effect on the efficiency of TB testing and the use of
non-thermal stable PPDs. These cattle are often not
individually identified. Another challenge encountered
is that torrential rains can cause rivers and streams
to become impassable or wash away infrastructure so
reading the test 72 h later, or doing follow up testing
becomes difficult. The harsh summer sunlight causes
sunburn on unpigmented skin which can interfere with
the interpretation of skin tests.

In some communal areas one must arrange for testing
through the tribal chief, headman or community leader.
Negotiation is often very complex and time consum-
ing. If any infected animals are found, retesting of the
communities’ cattle is challenging as socio-economic
dynamics cause resistance to further testing. Cattle
may also have been moved to better pastures for graz-
ing during times of drought [15]. Cultural complexities
as well as dialect differences further confound com-
munication with rural communities. Control strategies
and law enforcement according to the Bovine Tubercu-
losis Scheme becomes difficult under these situations.

Wildlife
Bovine TB was reported in South African wildlife
as early as 1928 when it was diagnosed in a greater
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kudu (Tragelaphus strepsiceros) and common duiker
(Syvicapra grimmia) in the Eastern Cape. The first case
diagnosed in the Kruger National Park (KNP) was in an
impala (Aepyceros melampus) in 1967. In 1970 bTB was
diagnosed in a black rhinoceros (Diceros dicornis) in
the Hluhluwe-iMfolozi Game Park (HiP) in Kwa Zulu
Natal. During 1990 bTB was diagnosed in the Afri-
can buffalo (Syncerus caffer) in the south of the KNP
and has since spread to the north of the park and into
neighbouring Zimbabwe. bTB has also been diagnosed
on private game farms and ranches. The presence of
well-established national and provincial game parks as
well as the increasing development of wildlife ranches
in South Africa, is increasing the wildlife-livestock
interface and risk of either wildlife contracting disease
from livestock (spill-over) or livestock contracting dis-
ease from wildlife (spill-back) [16, 17, 38]. The translo-
cation of various game species between game parks and
ranches increases the risk of spreading disease as only
buffalo are required by law to be tested before trans-
location. To date M.bovis has been diagnosed in 24 of
the 246 terrestrial mammalian wildlife species in South
Africa [39].

Wildlife host species can be described as maintenance
hosts where infection can persist without introduction
from another source, or spill-over hosts when species
become infected incidentally [16, 17]. As bTB is con-
sidered an alien infection of African wildlife, hosts are
naive, and infections are often devastating to the animal
concerned. bTB has a wide host range and in the absence
of a vaccine once established in a wildlife population it
is almost impossible to eradicate the disease. There is
no policy document aimed specifically at the control of
bTB in wildlife as the Bovine Tuberculosis Scheme is
aimed specifically at domestic species but is applica-
ble to wildlife species. This approach is not scientifically
defendable. The HiP has a management policy in place to
try and keep the prevalence of bTB in its buffalo herds
below 10%. This is based on mass capture, tuberculin
skin testing and removal of positive animals. This pro-
gramme has been successful [13, 31]. The KNP monitors
the situation through surveillance projects to determine
the distribution and rate of spread of disease [13]. Culled
game pass through the abattoir at Skukuza where pri-
mary meat inspection will show carcases infected with
bTB. There was also a successful buffalo breeding pro-
gramme between 1998 and 2011 to preserve the genet-
ics of the KNP buffalo (Dr. de Klerk-Lorist, Pers. Comm.).
The Madikwe Game Reserve planned a surveillance strat-
egy as well as a buffalo salvage plan whereby they aimed
to establish a disease-free buffalo breeding herd (Dr. de
Klerk-Lorist, Pers. Comm.).
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African buffalo movement is strictly controlled by the
Buffalo VPN (Veterinary Procedural Notice) with Single
Intradermal Comparative Tuberculin Test (SICTT) test-
ing required before movement between farms or game
parks with negative results. Each farm or park owner that
wants to keep buffalo must apply for registration with
national government prior to receiving buffalo, in terms
of Regulation 20 A (2) of the Animal Diseases Act, 1984
(Act No. 35 of 1984) as published in Government Notice
No. R. 2358 of 10 December 1993, and if approved the
farms/parks will receive an individual BU (buffalo) regis-
tration number. All buffalo must be microchipped before
testing to ensure individual identification and traceabil-
ity. Ear tags may be used in conjunction with microchips
for easier identification. Pre movement testing of buffalo
requires testing for M. bovis, Brucella abortus, Foot and
Mouth disease (FMD) as well as Corridor disease caused
by the protozoan Theileria parva lawrencei. All four dis-
eases are transmittable from buffalo to cattle, and free-
dom from these diseases is to prevent spread of disease,
and protect other buffalo farms as well as cattle at the
wildlife-livestock interface. Buffalo needs to be chemi-
cally immobilised for testing and confined in a boma.
Confinement in bomas when testing may bring buffalo
into contact with NTM which may influence the out-
comes of the SICTT [31, 37]. If a buffalo is diagnosed as
being positive for bTB, compliance by owners regard-
ing its destruction is often met with stiff resistance due
to the value of the animal, and the indefinite quarantin-
ing of the farm/parks [15]. Often a parallel test using the
interferon-gamma test will be requested by the owner.
This comes at a great expense as the buffalo need to be
chemically immobilized and the blood transported over
great distances to a participating laboratory. Testing of
other wildlife that may harbour bTB is not required and
translocation between game farms or parks has intro-
duced bTB to previously non infected farms/parks [39].
Since March 2017 this quarantine includes all species
susceptible to bTB and these species may not be allowed
off the property.

The African buffalo is the most widely known main-
tenance host of bTB in South Africa [17]. They are herd
animals and transmission of bTB is thought to be primar-
ily by aerosol droplet spread and further aided by the ani-
mal’s social structure and nature. Herds tend to be large
and can consist of hundreds of buffalo. Young adult males
migrate between herds, and herds combine on a sea-
sonal basis allowing for the transfer of infection between
herds. Periods of drought may change herd dynamics and
increase the spread of bTB between individuals due to
increased intra and inter species contacts, while physi-
ological and social stress may increase the rate of patho-
genesis of disease within an individual [13].
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The greater kudu has a social structure, but herds are
very small ranging from 3 to 15 individuals with males
often being solitary individuals, joining the herd dur-
ing the mating season. Kudu are browsers so they are
primarily infected via the oral route with initial pathol-
ogy in the lymph nodes of the head where abscessation
occurs. Despite its smaller herd size, the greater kudu
has the recently been characterised as a maintenance
host [13, 15] (Prof. Michel, Pers. Comm.).

bTB has been confirmed in other South African rumi-
nants including impala, springbok (Antidorcas marsupia-
lis) bushbuck (Tragelaphus scriptus), nyala (Tragelaphus
angasii), blue wildebeest (Chonnochaetes taurinus), eland
(Taurotragus oryx), and girafte (Giraffa camelopardelis).

Warthogs (Phcochoerus africanus) and bushpigs (Pota-
mochoerus porcus) are omnivorous and have been found
to be infected with bTB. Warthogs live in burrows and
are social animals. They become infected via the aerosol
droplet route or per os when scavenging [15]. They have
the potential to become maintenance hosts in high popu-
lation densities [13, 15]. Their distribution is increasing
in South Africa and as they can burrow out of fenced
properties their potential for spreading bTB at the wild-
life-livestock interface should not be underestimated.

Predators such as lion (Panthera leo), leopards (Pan-
thera pardus), cheetah (Acinonyx jubatus) and wild dog
(Lycaon pictus) have been found to be infected with bTB
[13, 15]. Lions are social animals and hunt in packs. They
kill their prey by smothering them so aerosol droplet
infection is one of three ways in which they can become
infected. The second is through the alimentary canal
when eating an infected carcass (per os), and the third is
percutaneous when fighting over an infected kill. Lions
have the potential to become a maintenance host [13].
The rest of the predators can be considered as spill-over
hosts and not important in the maintenance of the dis-
ease within their population. The potential increase of
the disease in the critically endangered wild dog and
cheetah is of great concern.

Other wildlife that has been found infected with bTB
are elephant (Loxodonta africana), white rhinoceros
(Ceratotherium simum), large spotted genet (Genetta
tigrina), banded mongoose (Mungos mungo), Chacma
baboon (Papio ursinus), honey badgers (Mellivora capen-
sis) and hippopotamus (Hippopotamus amphibius), and
are all considered spill-over hosts [19]. Again, bTB in the
endangered rhinoceros is of grave concern.

Indirect diagnostic tests to detect cell mediated
immunity to M. bovis in eight species of wildlife have
been developed [40]. These tests will prove vital in
the early diagnosis of bTB in wildlife populations and
may pave the way for the development of diagnostic
tests in other species. A trial using the ELISA test was
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performed on buffalo in the HiP, but results were dis-
appointing as the ELISA did not identify a significant
number of anergic animals [31].

Vaccination can be a method for controlling the
spread of bTB by increasing an animal’s immunity to
disease. Vaccination does not necessarily have to pre-
vent infection but should reduce transmission in the
host species and reduce spread to other species. There
are many challenges to the successful development of
an effective vaccine. A trial done on yearling buffalo in
the KNP using a BCG vaccine found that there was no
significant reduction in the number of lesions or sever-
ity of disease [41]. An efficient and cheap method of
vaccination would also need to be developed. A DIVA
(Distinguishing Infected from Vaccinated Animals)
would also have to be developed for testing vaccinated
animals if a live vaccine is used. If an inactivated vac-
cine is used the Actiphage test could be of use if proven
to be of diagnostic value [38].

bTB is of great significance in wildlife as it is a threat
to South Africa’s rich biodiversity with the possibility
of localised extinction of some species where mortality
is high, and population is low. This will have a serious
impact on ecosystems as each species fulfils a function in
an ecosystem [13, 15]. There is the possibility of spread
of disease to other species as well as spill-back to live-
stock and humans. Prevention of the spread of bTB to
new areas by pre-movement testing of known mainte-
nance or potential maintenance hosts would be ideal. The
Biodiversity Finance Initiative (BIOFIN) has proposed a
“Development and implementation of a voluntary mar-
ket-based certification scheme in the wildlife sector” but
unfortunately animal disease is not mentioned in the pro-
posal [42].

Eradication by test and cull in low prevalence herds/
groups of animals would slow down the spread of the
disease and may not elicit such an emotional outcry as
blanket culling. However, this remains a challenge in
large buffalo herds in the KNP [13]. Both testing prior to
movement, and test and cull methods require that there
are validated tests with acceptable sensitivity and speci-
ficity levels in order to be successful. Costs are the most
important inhibiting factor for testing wildlife. These
costs include the method of capture, chemical immobi-
lisation, manpower and tests. The use of vaccination is
another possibility to control bTB in wildlife although
methods to vaccinate different species successfully will be
challenging. Fortunately, there is ongoing research into
bTB in wildlife in South Africa and some indirect tests
have been validated for eight species [40]. There is no
mass migration of wildebeest and zebra as experienced in
Kenya, which could have been an important spreader of
bTB.
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Conclusion

In conclusion, bTB is a problem both in cattle and wild-
life in South Africa with the potential to reinfect both
cattle and wildlife at the wildlife-livestock interface. The
extent of bTB in humans is unknown as no differentia-
tion between MTB and bTB occurs routinely. bTB can
be treated successfully in humans although some drug
resistant bTB forms may occur [27]. The prevalence of
bTB in the cattle population is not known due to lack
of reliable census data, testing, reporting and adequate
policy and political will to eradicate the disease. From
reporting over the years, it is believed to be of a low prev-
alence in most areas [25]. Cattle testing will continue to
rely on the SITT as gamma interferon serological tests
are generally not an option due to cost, paucity of labora-
tories performing these tests, and time and temperature
constraints involved. MTB interferes with the interpreta-
tion of skin tests in cattle and can be challenging at the
livestock-human interface. An affordable, reliable and
rapid test to differentiate between MTB and bTB in cattle
to improve diagnosis would be of great benefit in a coun-
try where the incidence of human TB is so high, and the
human-livestock interface is increasing. bTB in wildlife
has unique and complex challenges which requires much
more input from researchers, conservationists and policy
makers.

Abbreviations

AHT Animal Health Technician

ASF African Swine Fever

BIOFIN The Biodiversity Finance Initiative

bTB Bovine Tuberculosis

DALLRD  Department of Agriculture, Land Reform and Rural Development
DIVA Distinguishing Infected from Vaccinated Animals
FMD Foot and Mouth Disease

GDP Gross Domestic Product

HiP Hluhluwe-iMfolozi Game Park

HIV Human Immunodeficiency Virus

HPAI Highly Pathogenic Avian Influenza

ICT Immunochromatographic Test

KNP Kruger National Park

LITS Livestock Identification and Traceability System
MTC Mycobacterium Tuberculosis Complex

MTB Mycobacterium tuberculosis

MSD Merck Sharp and Dohme

NTM Non-Tuberculous Mycobacteria

OBP Onderstepoort Biological Products

OIE World Organisation for Animal Health

PPD Purified Protein Derivative

SICTT Single Intradermal Comparative Tuberculin Test
T8 Tuberculosis

VPN Veterinary Procedural Notice

VS Veterinary Services

WHO World Health Organisation

Acknowledgements

M. bovis 2022 organisers.

Prof Paul van Helden and his co-workers from the Animal TB Research Group
in the Faculty of Medicine and Health Sciences at Stellenbosch University.
Prof Anita Michel, Dept of Tropical diseases, Faculty of Veterinary Science,
University of Pretoria.

Page 10 of 11

DrTiny Hlokwe, Head of the Tuberculosis laboratory, ARC Onderstepoort.
Dr Gideon Briickner, OIE Mission Expert.
Skukuza State Veterinary Services.

About this Supplement

This article has been published as part of Irish Veterinary Journal Volume 76
Supplement 1, 2023: Seventh International Conference on Mycobacterium
bovis. The full contents of the supplement are available online at https://
irishvetjournal.biomedcentral.com/articles/supplements/volume-76-suppl
ement-1.

Author’s contributions
Sole author. The author read and approved the final manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
None.

Received: 21 August 2022 Accepted: 10 July 2023
Published: 25 July 2023

References

1. PMG - Parliamentary Monitoring Group. http://hdl.handle.net/20.500.
12143/6639. Accessed 17 Apr 2022.

2. Stats SA. Mid-year population estimates 2021. Available from: http://
www.statssa.gov.za/publications/P0302/P03022021.pdf [Accessed 17 Apr
2022].

3. Galal S. National poverty line in South Africa as of 2021. Available from:
https://www.statista.com/statistics/1127838/national-poverty-line-in-
south-africa/ Saifaddin Galal [Accessed 17 Apr 2022].

4. Urbanisation. Available from: https://pmg.org.za/page/Urbanisation#:
Urbanisation | PMG - Parliamentary Monitoring Group. Accessed 17 Apr
2022.

5. WHO Tuberculosis profile: South Africa. Available from: https://worldhealt
horg.shinyapps.io/tb_profiles [Accessed 17 Apr 2022].

6. Allinder SM, Fleischman J. The World's Largest HIV Epidemic in Crisis: HIV
in South Africa Available from: https://www.csis.org/analysis/worlds-large
st-hiv-epidemic-crisis-hiv-south-africa [Accessed 17 Apr 2022].

7. NICD.The first national TB prevalence survey: South Africa. 2018 Available
from: https://www.nicd.ac.za/wp-content/uploads/2021/02/TB-Preva
lence-survey-report_A4_SA_TPS-Short_Feb-2021.pdf [Accessed 17 Apr
2022].

8. Admin. How is Climate Change affecting South Africa?. Available from:
https://oxfamapps.org/fp2p/how-is-climate-change-affecting-south-
africa/ [Accessed 17 Apr 2022].

9. Cousins JA, Sadler JP, Evans J. Exploring the role of private wildlife ranch-
ing as a conservation tool in South Africa: stakeholder perspectives. Ecol
Soc. 2008;13(2): 43.

10. Sello L, Focus. Sustainability. Available from: https://www.investec.
com/en_za/focus/beyond-wealth/preserving-the-wild-economy.html
[Accessed 17 Apr 2022].

11. Meissner HH, Scholtz M, Palmer A. Sustainability of the South African live-
stock sector towards 2050 part 1: worth and impact of the sector. South
Afr J Anim Sci. 2013;43(3):282-97. https://doi.org/10.4314/sajas.v43i3.5.


https://irishvetjournal.biomedcentral.com/articles/supplements/volume-76-supplement-1
https://irishvetjournal.biomedcentral.com/articles/supplements/volume-76-supplement-1
https://irishvetjournal.biomedcentral.com/articles/supplements/volume-76-supplement-1
http://hdl.handle.net/20.500.12143/6639
http://hdl.handle.net/20.500.12143/6639
http://www.statssa.gov.za/publications/P0302/P03022021.pdf
http://www.statssa.gov.za/publications/P0302/P03022021.pdf
https://www.statista.com/statistics/1127838/national-poverty-line-in-south-africa/
https://www.statista.com/statistics/1127838/national-poverty-line-in-south-africa/
https://pmg.org.za/page/Urbanisation#
https://worldhealthorg.shinyapps.io/tb_profiles
https://worldhealthorg.shinyapps.io/tb_profiles
https://www.csis.org/analysis/worlds-largest-hiv-epidemic-crisis-hiv-south-africa
https://www.csis.org/analysis/worlds-largest-hiv-epidemic-crisis-hiv-south-africa
https://www.nicd.ac.za/wp-content/uploads/2021/02/TB-Prevalence-survey-report_A4_SA_TPS-Short_Feb-2021.pdf
https://www.nicd.ac.za/wp-content/uploads/2021/02/TB-Prevalence-survey-report_A4_SA_TPS-Short_Feb-2021.pdf
https://oxfamapps.org/fp2p/how-is-climate-change-affecting-south-africa/
https://oxfamapps.org/fp2p/how-is-climate-change-affecting-south-africa/
https://www.investec.com/en_za/focus/beyond-wealth/preserving-the-wild-economy.html
https://www.investec.com/en_za/focus/beyond-wealth/preserving-the-wild-economy.html
https://doi.org/10.4314/sajas.v43i3.5

Davey Irish Veterinary Journal 2023,76(Suppl 1):14

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

DAFF. Abstract of Agricultural Statistics 2017 Available from: Department
of Agriculture, Forestry and Fisheries. (2016) Livestock Statistics,2017.
https://www.dalrrd.gov.za/Portals/0/Statistics%20and%20Economic%
20Analysis/Statistical%20Information/Abstract%202017.pdf [Accessed 17
Apr 2022].

Michel AL, Bengis RG, Keet DF, Hofmeyr M, Klerk LM, Cross PC, Jolles

AE, Cooper D, Whyte 1J, Buss P, Godfroid J. Wildlife tuberculosis in South
African conservation areas: implications and challenges. Vet Microbiol.
2006;112(2-4):91-100. https://doi.org/10.1016/j.vetmic.2005.11.035.
(Epub 2005 Dec 15 PMID: 16343819).

Musoke J, Hlokwe T, Marcotty T, du Plessis BJ, Michel AL. Spillover of
Mycobacterium bovis from wildlife to livestockSouth Africa. Emerg Infect
Dis. 2015;21(3):448-51. https://doi.org/10.3201/eid2103.131690.

Arnot LF, Michel A. Challenges for controlling bovine tuberculosis in
South Africa. Onderstepoort J Vet Res. 2020;87(1):e1-8. https://doi.org/10.
4102/0jvrv87i1.1690. (Published 2020 Feb 27).

Sichewo PR, Etter EMC, Michel AL. Prevalence of Mycobacterium bovis
infection in traditionally managed cattle at the wildlife-livestock interface
in South Africa in the absence of control measures. Vet Res Commun.
2019;43(3):155-64. https://doi.org/10.1007/511259-019-09756-w. (Epub
2019 Jun 20 PMID: 31222520).

Sichewo PR, Hlokwe TM, Etter EMC, et al. Tracing cross species trans-
mission of Mycobacterium bovis at the wildlife/livestock interface

in South Africa. BMC Microbiol. 2020;20:49. https://doi.org/10.1186/
$12866-020-01736-4.
OIE._Health_Standards_Glossary_http://www.oie.int/fileadmin/Home/
eng/Health_standards/tahc/2018/en_glossaire.htm.

OIE. OIE PVS evaluation report of the Veterinary Services of R.S.A, Avail-
able. from: https://www.dalrrd.gov.za/Home/aid/92 [Accessed 17 Apr
2022].

National Treasury. Budget 2022 Budget Review. Available from: http://
www.treasury.gov.za/documents/national%20budget/2022/review/
FullBR.pdf [Accessed 17 Apr 2022].

National Treasury. Vote 29 Agriculture, Land Reform and Rural Develop-
ment. Available from: http://www.treasury.gov.za/documents/national%
20budget/2022/ene/Vote%2029%20Agriculture,%20Land%20Reform%
20and%20Rural%20Development.pdf [Accessed 17 Apr 2022].

Brosch R, Gordon SV, Marmiesse M, et al. A new evolutionary scenario

for the Mycobacterium tuberculosis complex. Proc Natl Acad Sci U S A.
2002;99(6):3684-9. https://doi.org/10.1073/pnas.052548299.

Mdller B, Durr S, Alonso S, et al. Zoonotic Mycobacterium bovis-induced
tuberculosis in humans. Emerg Infect Dis. 2013;19(6):899-908. https://doi.
0rg/10.3201/eid1906.120543.

Hlokwe T, Said H, Gcebe N. Mycobacterium tuberculosis infection in
cattle from the Eastern Cape Province of South Africa. BMC Vet Res.
2017;13:299. https://doi.org/10.1186/512917-017-1220-3.

Meiring C, van Helden PD, Goosen WJ.TB Control in humans and animals
in South Africa: a perspective on problems and successes. Front Vet Sci.
2018;27(5):298. https://doi.org/10.3389/fvets.2018.00298.

Pawlowski A, Jansson M, Skold M, Rottenberg ME, Kallenius G. Tubercu-
losis and HIV co-infection. PLoS Pathog. 2012;8(2):21002464. https://doi.
org/10.1371/journal. ppat.1002464.
CDC._Bovine_TB_in_Humans_Fact_Sheet_https://www.cdc.gov/tb/publi
cations/factsheets/general/mbovis.htm [Accessed 17 Apr 2022].
ARC._Annual_Report_2016/2017_. https://www.arc.agric.za/Docum
ents/Annual%20Reports/ARC%20Annual%20Report%202016-2017.pdf
[Accessed 17 Apr 2022].

OIE. Chapter 3. 4. 6. Bovine Tuberculosis. Available from: https://www.oie.
int/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-
online-access/ [Accessed 17 Apr 2022].

McCallan L, Brooks C, Barry C, Couzens C, Young FJ, McNair J, et al. Sero-
logical test performance for bovine tuberculosis in cattle from herds with
evidence of on-going infection in Northern Ireland. PLoS ONE. 2021;16(4):
e0245655. https://doi.org/10.1371/journal.pone.0245655.

Van der Heijden E, Cooper D, Rutten Victor PMG, Michel A. Mycobacte-
rium bovis prevalence affects the performance of a commercial serologi-
cal assay for bovine tuberculosis in african buffaloes. Comp Immunol
Microbiol Infect Dis. 2019;70:101369. https://doi.org/10.1016/j.cimid.2019.
1013609.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 11 of 11

MSD, Intertest Bovine PPD. Tuberculin. https://www.emergence-msd-ani-
mal-health.com/wp-content/uploads/sites/2/2020/01/Bovine-PPD-Tuber
culin-SPC.pdf [Accessed 17 Apr 2022].

ThermofFisher. _Tuberculin_PPD_Skin_Test_Reagents.https.//www.therm
ofisher.com/za/en/home/industrial/animal-health/bovine-cattle-diagn
ostic-solutions/bovine-diseases/bovine-tuberculosis.html [Accessed 17
Apr 2022].

Duignan A, Kenny K, Bakker D, Good M. Tuberculin PPD potency assays
in naturally infected tuberculous cattle as a quality control measure

in the irish bovine tuberculosis eradication programme. Front Vet Sci.
2019;6:328. https://doi.org/10.3389/fvets.2019.00328. (Published 2019
Oct 1).

Gceebe N, Rutten V, Pittius NGV, Naicker B, Michel A. Mycobacterium
malmesburyense sp. nov., a non-tuberculous species of the genus
Mycobacterium revealed by multiple gene sequence characterization. Int
J Syst Evol Microbiol. 2017,67(4):832-8. https://doi.org/10.1099/ijsem.0.
001678.

ARC. Annual Report 2018 https://nationalgovernment.co.za/entity_
annual/1560/2018-agricultural-research-council-(arc)-annual-report.pdf
[Accessed 17 Apr 2022].

Michel AL, de Klerk LM, van Pittius NCG, et al. Bovine tuberculosis in
african buffaloes: observations regarding Mycobacterium bovis shedding
into water and exposure to environmental mycobacteria. BMC Vet Res.
2007;3:23. https://doi.org/10.1186/1746-6148-3-23.

Swift BM, Convery TW, Rees CE. Evidence of Mycobacterium tuberculosis
complex bacteraemia in intradermal skin test positive cattle detected
using phage-RPA. Virulence. 2016;7(7):779-88. https://doi.org/10.1080/
21505594.2016.1191729.

Hlokwe T, De Klerk-Lorist L-M, Michel A. Wildlife on the move: a hidden
tuberculosis threat to conservation areas and game farms through trans-
location of untested animals. J Wildl Dis. 2016a;52(4):837-43. https://doi.
org/10.7589/2015-10-281.

Bernitz N, Kerr TJ, Goosen WJ, Chileshe J, Higgitt RL, Roos EO, Meiring

C, Gumbo R, de Waal C, Clarke C, Smith K, Goldswain S, Sylvester TT,
Kleynhans L, Dippenaar A, Buss PE, Cooper DV, Lyashchenko KP, Warren
RM, van Helden PD, Miller MA. Review of diagnostic tests for detection
of Mycobacterium bovis infection in South African Wildlife. Front vet Sci.
2021,8:588697. https://doi.org/10.3389/fvets.2021.588697.

de Klerk LM, Michel AL, Bengis RG, Kriek NP, Godfroid J. BCG vaccina-

tion failed to protect yearling african buffaloes (Syncerus caffer) against
experimental intratonsilar challenge with Mycobacterium bovis. Vet
Immunol Immunopathol. 2010;137(1-2):84-92. https://doi.org/10.1016/j.
vetimm.2010.04.013.

SA Hunters. Development and implementation of a voluntary market

- based wildlife economy certification scheme. https://www.sahunters.
co.za/index.php/conservation-news/conservation-articles-2/472-devel
opment-and-implementation-of-a-voluntary-market-based-wildlife-
economy-certification-scheme [Accessed 17 Apr 2022].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.dalrrd.gov.za/Portals/0/Statistics%20and%20Economic%20Analysis/Statistical%20Information/Abstract%202017.pdf
https://www.dalrrd.gov.za/Portals/0/Statistics%20and%20Economic%20Analysis/Statistical%20Information/Abstract%202017.pdf
https://doi.org/10.1016/j.vetmic.2005.11.035
https://doi.org/10.3201/eid2103.131690
https://doi.org/10.4102/ojvr.v87i1.1690
https://doi.org/10.4102/ojvr.v87i1.1690
https://doi.org/10.1007/s11259-019-09756-w
https://doi.org/10.1186/s12866-020-01736-4
https://doi.org/10.1186/s12866-020-01736-4
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahc/2018/en_glossaire.htm
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahc/2018/en_glossaire.htm
https://www.dalrrd.gov.za/Home/aid/92
http://www.treasury.gov.za/documents/national%20budget/2022/review/FullBR.pdf
http://www.treasury.gov.za/documents/national%20budget/2022/review/FullBR.pdf
http://www.treasury.gov.za/documents/national%20budget/2022/review/FullBR.pdf
http://www.treasury.gov.za/documents/national%20budget/2022/ene/Vote%2029%20Agriculture,%20Land%20Reform%20and%20Rural%20
http://www.treasury.gov.za/documents/national%20budget/2022/ene/Vote%2029%20Agriculture,%20Land%20Reform%20and%20Rural%20
http://www.treasury.gov.za/documents/national%20budget/2022/ene/Vote%2029%20Agriculture,%20Land%20Reform%20and%20Rural%20
https://doi.org/10.1073/pnas.052548299
https://doi.org/10.3201/eid1906.120543
https://doi.org/10.3201/eid1906.120543
https://doi.org/10.1186/s12917-017-1220-3
https://doi.org/10.3389/fvets.2018.00298
https://doi.org/10.1371/journal.ppat.1002464
https://doi.org/10.1371/journal.ppat.1002464
https://www.cdc.gov/tb/publications/factsheets/general/mbovis.htm
https://www.cdc.gov/tb/publications/factsheets/general/mbovis.htm
https://www.arc.agric.za/Documents/Annual%20Reports/ARC%20Annual%20Report%202016-2017.pdf
https://www.arc.agric.za/Documents/Annual%20Reports/ARC%20Annual%20Report%202016-2017.pdf
https://www.oie.int/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.oie.int/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.oie.int/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://doi.org/10.1371/journal.pone.0245655
https://doi.org/10.1016/j.cimid.2019.101369
https://doi.org/10.1016/j.cimid.2019.101369
https://www.emergence-msd-animal-health.com/wp-content/uploads/sites/2/2020/01/Bovine-PPD-Tuberculin-SPC.pdf
https://www.emergence-msd-animal-health.com/wp-content/uploads/sites/2/2020/01/Bovine-PPD-Tuberculin-SPC.pdf
https://www.emergence-msd-animal-health.com/wp-content/uploads/sites/2/2020/01/Bovine-PPD-Tuberculin-SPC.pdf
https://www.thermofisher.com/za/en/home/industrial/animal-health/bovine-cattle-diagnostic-solutions/bovine-diseases/bovine-tuberculosis.html
https://www.thermofisher.com/za/en/home/industrial/animal-health/bovine-cattle-diagnostic-solutions/bovine-diseases/bovine-tuberculosis.html
https://www.thermofisher.com/za/en/home/industrial/animal-health/bovine-cattle-diagnostic-solutions/bovine-diseases/bovine-tuberculosis.html
https://doi.org/10.3389/fvets.2019.00328
https://doi.org/10.1099/ijsem.0.001678
https://doi.org/10.1099/ijsem.0.001678
http://nationalgovernment.co.za/entity_annual/1560/2018-agricultural-research-council-(arc)-annual-report.pdf
http://nationalgovernment.co.za/entity_annual/1560/2018-agricultural-research-council-(arc)-annual-report.pdf
https://doi.org/10.1186/1746-6148-3-23
https://doi.org/10.1080/21505594.2016.1191729
https://doi.org/10.1080/21505594.2016.1191729
https://doi.org/10.7589/2015-10-281
https://doi.org/10.7589/2015-10-281
https://doi.org/10.3389/fvets.2021.588697
https://doi.org/10.1016/j.vetimm.2010.04.013
https://doi.org/10.1016/j.vetimm.2010.04.013
https://www.sahunters.co.za/index.php/conservation-news/conservation-articles-2/472-development-and-implementation-of-a-voluntary-market-based-wildlife-economy-certification-scheme
https://www.sahunters.co.za/index.php/conservation-news/conservation-articles-2/472-development-and-implementation-of-a-voluntary-market-based-wildlife-economy-certification-scheme
https://www.sahunters.co.za/index.php/conservation-news/conservation-articles-2/472-development-and-implementation-of-a-voluntary-market-based-wildlife-economy-certification-scheme
https://www.sahunters.co.za/index.php/conservation-news/conservation-articles-2/472-development-and-implementation-of-a-voluntary-market-based-wildlife-economy-certification-scheme

	Challenges to the control of Mycobacterium bovis in livestock and wildlife populations in the South African context
	Abstract 
	Background
	Current situation regarding bovine tuberculosis in SA
	Legislation
	Political constraints to eradication
	Technical constraints
	Non-technical constraints
	Wildlife

	Conclusion
	Acknowledgements
	References


