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Bovine tuberculosis: an old disease but a new threat to Africa
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SUMMARY

Bovine tuberculosis (TB) is a disease characterised by
progressive development of specific granulomatous le-
sions or tubercles in lung tissue, lymph nodes or other
organs. Mycobacterium bovis is the causative agent of
the disease. Bovine species, including bison and buffa-
loes, are susceptible to the disease, but nearly all warm-
blooded animals can be affected. All species are not
equally susceptible to the disease; some are spill-over
(end) hosts and others maintenance hosts. In Africa,
bovine TB primarily affects cattle; however, infection in
other farm and domestic animals, such as sheep, goats,
pigs, dogs and cats, is not uncommon. Wild ruminants
and carnivores are also affected and are the natural res-
ervoirs of the infectious agent in the wild. Man is also
susceptible to the disease, the highest risk groups being
individuals with concomitant HIV/AIDS infection. In

Africa, human TB is widely known to be caused by M.
tuberculosis; however, an unknown proportion of cases
are due to M. bovis. This infection in humans is under-
reported as a result of the diagnostic limitations of many
laboratories in distinguishing M. bovis from M. tubercu-
losis. None of the national reports submitted to the OIE
and WHO by African member states mention the impor-
tance of M. bovis in human TB cases. Consumption of
unpasteurised milk and poorly heat-treated meat and
close contact with infected animals represent the main
sources of infection for humans. This review attempts to
examine the impact of bovine TB on the health of ani-
mals and humans.
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THE WORLD HEALTH ORGANIZATION (WHO)
estimated that for the years 1990-1999, human
tuberculosis (TB) incidence and mortality would be
respectively 88 million and 30 million, with most
cases occurring in developing countries.! The annual
global incidence of TB was predicted to increase to
10.2 million by 2000, a 36% increase from 1990. In
1995, 3.3 million cases were reported to the WHO
Global Tuberculosis Programme. Of these, 62% oc-
curred in the South-east Asian and Western Pacific
regions, 16% in sub-Saharan Africa, and 7-8% in each
of the regions of the Americas, Eastern Mediterranean
and Europe. Given the rapidly spreading global
human immunodeficiency virus (HIV) epidemic in
developing countries, the WHO estimated that 70%
(6 million) of humans co-infected with TB and HIV
live in sub-Saharan Africa.2

In industrialised countries, bovine tuberculosis is
controlled in farm animals, as a result of which
human infection is minimised, although a potential
risk remains. These countries are conscious of local
and international implications of the disease for trad-

ing in animals and animal products. In Africa, how-
ever, bovine TB represents a potential health hazard
to both animals and humans, as nearly 85% of cattle
and 82% of the human population live in areas where
the disease is prevalent or only partially controlled.!:3
In Africa, as in most developing countries, Mycobac-
terium bovis infection remains an uninvestigated prob-
lem. For this reason, the WHO, with the participation
of the Food and Agriculture Organization (FAO),
convened a meeting on zoonotic bovine TB in Novem-
ber 1993 in Geneva, Switzerland, where the public
health significance of M. bovis in humans and ani-
mals worldwide was discussed. Data collected from
most developing countries, mainly from sub-Saharan
Africa, were insufficient to represent the true epidemi-
ological picture of the disease. It was therefore recom-
mended that collection of scientific data on human
TB due to M. bovis should be prioritised.*

TB is a neglected public health problem and accounts
for about 25% of all avoidable adult deaths in devel-
oping countries.’ The epidemiology of TB has been
affected in recent decades by the upsurge in HIV
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infection. As many HIV-infected individuals are co-
infected with TB, the incidence of the disease may rise
in the coming years.6 The correlation between the
prevalence of M. bovis infection in humans and that
in local cattle populations highlights the potential
threat of this disease for humans.”

The global prevalence of human TB due to M.
bovis has been estimated at 3.1% of all human TB
cases, accounting for respectively 2.1% and 9.4% of
pulmonary and extra-pulmonary TB cases.? In indus-
trialised countries, human TB due to M. bouvis is rela-
tively rare as a result of TB control in cattle. Neverthe-
less, an estimated <1% of all TB cases are reported to
be caused by M. bovis, probably due to reactivation
of dormant lesions among the elderly.8

Bovine TB is a zoonotic disease with potential pub-
lic health and socio-economic significance, as it can
affect international trade in animals and animal prod-
ucts. Bovine TB is present in almost all African coun-
tries,* affecting both domestic and wild animals.
Daborn and Grange reported that the disease was
prevalent in 33 (80%) of 43 African member coun-
tries of the regional commission of the Office Interna-
tional des Epizooties (World Organisation for Animal
Health, OIE).° Bovine species are natural hosts to the
disease, but a wide spectrum of domestic and wild
animals, as well as man, can be infected.310 Animals
reported as having been infected with M. bovis include
North American bison (Bison bison), buffaloes (Syn-
cerus caffer), elk (Cervus elaphus), domestic and wild
pigs (Sus scrofa), goats (Capra hircus), camels (Cam-
elus bactrianus), dogs (Canis familiaris), cats (Felis
catus), sheep (Ouwis aries), possums (Trichosurus vulpec-
ula), badgers (Meles meles), mink (Lutreola vison),
ferrets (Putorius furo) and non-human primates.3:11,12
All species are not equally susceptible, and are often
grouped into spill-over (end) hosts and maintenance
hosts. Cattle and other bovine species are considered
the primary and most well-known reservoirs or main-
tenance hosts. In countries where maintenance hosts
are present endemically in the wild, infection from
these populations to domestic cattle or other farm
animals is difficult to avoid.

Many factors account for the failure of developing
countries to control and eradicate bovine TB, many
of them politico-economic. Added to the high costs of
a sustainable testing programme are problems of social
unrest due to political instability and ethnic wars, re-
sulting in the displacement of large numbers of human
and animal populations; lack of veterinary expertise
and communication networks; insufficient collabora-
tion with bordering countries and hence a lack of quar-
antine; and smuggling of live animals across state
boundaries. Scarce human and financial resources are
often absorbed by action against the high incidence of
other acute and fatal diseases, such as contagious bovine
pleuropneumonia, foot and mouth disease, African
and classical swine fever and parasitic diseases.

The epidemiology and public health significance of
bovine TB in Africa remain largely unknown, often
for the above reasons. In addition, however, few lab-
oratories are capable of differentiating M. bovis from
M. tuberculosis and other members of the M. tuber-
culosis complex (MTC). Collins and Grange reported
a lack of interest in typing human tubercle bacilli in
the laboratories of several countries,!3 leading to un-
derestimations of the incidence of M. bovis. The pri-
mary sources of infection for humans are consump-
tion of unpasteurised milk and close association
between humans and animals.%!#4 Rural inhabitants
and some urban dwellers in Africa still consume un-
pasteurised and soured milk potentially infected with
M. bovis. Milk-borne infection is the main cause of
non-pulmonary TB in areas where bovine TB is com-
mon and uncontrolled.”

The current problem of M. bovis in developing
countries may to some extent mimic the pre-eradication
period in Europe before the 1960s, where the preva-
lence of bovine TB in the human population was rel-
atively high.15 Lee and Mills underline the urgent
need to develop and build scientific capacity in devel-
oping counties to improve health worldwide and curb
the global spread of infectious diseases, and cite poor
governance, poor planning, poor accountability and
failure to conduct research as the main obstacles to
controlling this global disease burden in developing
countries.!®

The purpose of this review is to highlight the
potential danger of bovine TB for domestic and wild
animals in Africa and to emphasise the emerging pub-
lic health threat of this disease for humans, exacer-
bated by the current upsurge in HIV infection. The
influence of cultural beliefs about TB control in some
societies is also discussed.

ETIOLOGY

Bovine TB is caused by M. bovis. Although cattle are
considered to be the primary hosts of M. bovis, the
disease has an exceptionally wide mammalian host
range, which includes humans.1:17 M. bovis is a mem-
ber of a closely related group of mycobacteria referred
to as MTC,18 which comprises M. tuberculosis, M.
africanum, M. bovis, M. microti and M. bouvis bacille
Calmette-Guérin (BCG)!? as well as the newly charac-
terised bacteria M. canetti2® and M. caprae comb.
nov., sp. nov.2! Isolates with characteristics intermedi-
ate between M. tuberculosis and M. bovis have also
been reported.22 MTC bacteria are usually regarded
as subspecies and are characteristically 99.9% similar
at the nucleotide level, with identical 16S rRNA
sequences.23 However, there are distinct phenotypic
differences between the subspecies, and not least their
host range and pathogenicity.

M. bovis closely resembles M. tuberculosis, and
precise identification of and distinction between the
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two can be established by biochemical and molecular
biology techniques. In the public health centres of
most developing countries, Lowenstein-Jensen (L])
medium, a medium on which M. bovis may grow
poorly or not at all, is commonly used for the isolation
of M. tuberculosis. Inoculated media are often incu-
bated insufficiently for M. bovis cultures to appear.
This may help to explain the low number of bovine-
type human TB cases reported in developing coun-
tries.8 M. bovis is a robust pathogen and may survive
in the environment, in buildings, on transport vehi-
cles, on pasture and in slurry. The organism has been
reported to survive in cow faeces for more than 5
months in winter, 4 months in autumn, 2 months in
summer, and in soil for up to 2 years.2* Manure fertil-
isation of arable land is common practice in develop-
ing countries; survival of M. bovis in soil and slurry
therefore implies pasture and vegetable contamina-
tion, representing a potential source of infection to
animals and humans, respectively.

PATHOGENESIS

There are numerous ways in which cattle can become
infected with M. bouvis; these can be affected by ani-
mal age and behaviour, environment and climate, and
prevailing farming practices.2s Under natural condi-
tions, the main route of M. bovis infection in cattle is
by inhalation. This mode of transmission is dominant
in industrialised countries, where intensive farming is
practised. In field case studies of bovine TB in these
countries, lesion distribution and pathology show pre-
dominant involvement of the upper and lower respira-
tory tract and associated lymph nodes.2627 Confirmed
tuberculin reactors frequently appear to have an ab-
sence of lung lesions; however, lesions when present
within the lung parenchyma are usually too small (<1
cm) to be easily detected during meat inspection.28

A generally accepted concept is that infection with
M. bovis can become established in cattle by inhalation
of tubercle bacilli, possibly a single bacillus, in an aero-
sol droplet?® that lodges within the respiratory tract,
probably the alveolar surface of the lung.30 Bacilli are
phagocytosed by macrophages, and subsequently
interact with cells involved in innate and acquired
immune responses in tissue or draining lymph nodes.
This often results in nonvascular nodular granulomas
known as ‘tubercles’. Characteristic tuberculous lesions
occur most frequently in lungs and retropharyngeal,
bronchial and mediastinal lymph nodes. Lesions can
also be found in the mesenteric lymph nodes, liver,
spleen, serous membranes, pleura and other organs.11-26
The role of activated mononuclear macrophages is
considered most important in protecting the host
against M. bovis. Macrophages are involved in pro-
cessing mycobacterial antigens and presenting them
to T-lymphocytes, which are considered a key recog-
nition unit in the immune response to mycobacteria.3!

The characteristic lesion caused by M. bovis in cattle
is described as having a centre of caseous necrosis,
usually with some calcification, with a boundary of
epithelioid cells, some of which form multinucleated
giant cells and few to numerous lymphocytes and
neutrophils.326 Primary lesions in cattle, unlike man,
are rarely contained by the immune response, and dis-
semination from a lesion may occur by natural ducts
such as bronchi, by lymphatic spread or by haematog-
enous spread when massive miliary TB occurs.32

It is worth noting that despite the many studies on
bovine TB over the years, it was recently concluded
that a better understanding of the dynamics of the
events following M. bovis exposure of cattle and sub-
sequent infection would be of significant benefit to
diagnosis and disease control.2

TRANSMISSION

Inhalation of M. bowvis is the most probable and prin-
cipal route to bovine infection and is facilitated by
close, prolonged contact between infected and healthy
animals. Ingestion of M. bowvis directly from infected
animals or from contaminated pasture, water or uten-
sils may also be very common in some regions. While
congenital infections and vertical transmission have
been recorded, these routes, like genital transmission,
which occurs when reproductive organs are infected,26
are now rarely seen in regions that have intensive
eradication programmes.

Animal-to-animal transmission

Infectious animals may shed M. bovis in a number of
ways: in faeces, milk, discharging lesions, saliva and
urine.?’ Intensive livestock farming promotes close
contact between animals, favouring the spread of M.
bovis. Extensive livestock farming, however, espe-
cially transhumance with no housing system, raises
the question as to how bovine TB transmission can
take place. Close contact between animals occurs for
example at water points such as ponds, wells and
streams. In Africa, grazing animals usually gather at
night for protection from predators. Vaccination and
artificial insemination centres, dipping tanks, auction
stations, market places and transportation are the
commonest animal gathering places, and again are
sites where transmission of infection could easily
occur. Due to the high ambient temperature in tropi-
cal zones, animals tend to concentrate under trees or
other shaded areas for parts of the day, preferring to
graze early in the morning and late in the afternoon.
Possibly the most dangerous spots for nose-to-nose or
mouth-to-mouth contact between animals are salt
supplementing points. Therefore, while extensive farm-
ing is safer than zero level grazing systems to prevent
disease transmission, some of the above situations
simulate the dangers of intensive farming in relation
to disease transmission.
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Animal-to-human transmission

Human TB due to M. bovis in developing countries
today is analogous to conditions in the 1930s and
1940s in Europe, where more than 50% of cervical
lymphadenitis cases in children were caused by M.
bovis infection.33 This is exacerbated by the added
burden of HIV/acquired immune-deficiency syndrome
(AIDS). In industrialised countries, the incidence of
TB due to M. bovis in humans is almost at zero level
as a result of pasteurisation of milk and milk products
and eradication of bovine TB in cattle populations.!3
However, in developing countries, bovine TB in ani-
mals can be widely distributed in regions where con-
trol measures are not applied or are conducted spo-
radically and pasteurisation is rarely practised.? In
industrialised countries, the direct correlation between
M. bovis in cattle and TB due to M. bovis in humans
has been well documented, whereas little information
is available from developing countries.!3:33 Pulmo-
nary TB due to M. bovis is more common in rural
dwellers, as a result of inhalation of dust particles or
bacteria-containing aerosols shed by infected ani-
mals, while urban dwellers acquire the infection via
the gastrointestinal route and develop extra-pulmonary
TB.7 In countries with a relatively high prevalence of
bovine TB in cattle, abattoir and farm workers are the
groups most exposed to infection.

Current economic and social globalisation has cre-
ated greater opportunities for the spread of zoonotic
diseases such as TB. When considering the revival of
TB in countries previously declared to be free of the
disease, it is worth noting the statement by Grange:
‘we are now learning the hard way that none are safe
until all are safe’.8

Human-to-animal transmission

The role of humans in infecting cattle with bovine TB
was reviewed by Torning in 1965.34 Sjogren and Hill-
erdal cited several examples of human-to-cattle trans-
mission, and stressed the potential danger that pa-
tients with smear-positive pulmonary TB due to M.
bovis may pose to animals.35 However, reports of
human infection of cattle are rare.!” The genitouri-
nary tract in humans is a site of non-pulmonary TB
due to M. bovis; genitourinary TB may appear to be
of little importance to epidemiologists in studying
human infection, but this route of infection from man
to cattle is well-documented. Grange and Yates re-
ported that farm workers urinating in cowsheds may
represent a source of infection for animals.36 An anal-
ogous situation is thought to occur in rural Africa,
where patients with genitourinary TB may urinate
on pasture: animals craving salt preferentially graze
on this grass and may succumb to infection.

Human-to-human transmission

Human TB caused by M. bovis as a result of human-
to-human transmission was reported in The Nether-

lands in 1994.37 Evidence of transmission of M. bovis
between humans is considered rare and largely anec-
dotal, and the rate of transmission seems insignificant
compared to animal-to-animal or animal-to-human
infection.!”

Human-to-human transmission of M. bowis is con-
sidered less efficient than that of M. tuberculosis;38
however, transmission among HIV-infected humans,
where immunosuppression increases the susceptibil-
ity of the host organism to infection, may be different.
M. bovis has been isolated from HIV-infected individ-
uals in some industrialised countries, with an addi-
tional serious complication of high primary resistance
to isoniazid, streptomycin and pyrazinamide.3?

FACTORS CONDUCIVE TO THE
PERSISTENCE OF TB IN AFRICA

The neglect of TB control by many governments—
poorly managed control programmes, poverty, high
population growth, population dislocation and the
rise of HIV-endemic areas in Africa—predisposes to
the persistence of TB. In many developing countries,
TB control programmes, and especially the WHO-
recommended DOTS strategy, do not work properly
often due to cultural beliefs, socio-economic factors
and poor infrastructures.

Culture and customs
In developing countries, particularly Africa, patients’
beliefs and cultural factors are obstacles to TB control
strategies. TB is stigmatised in many cultures and TB
control may be further complicated by patients hid-
ing their TB status due to discriminatory views about
TB sufferers. A recent study in a rural area of South
Africa reported the strong local community belief
that TB results from breaking cultural rules and that
the disease can be treated by traditional healers.40
Here the disease is locally known as ‘tindzaka’, ‘mafu-
laar’ or ‘makhuma’—all denoting a disease indistin-
guishable in presentation from TB. In addition to the
use of traditional healers, factors such as stigma, dif-
ficulties in accessing health services, long waits at
health centres and the sometimes negative attitudes of
health workers can adversely influence patient adher-
ence to allopathic treatment. Patients claimed to be
unaware of the need to take a full course of treatment,
and that the red colour of the urine due to rifampicin
treatment adversely affected their partners, resulting
in sexual abstention during treatment.*0

The stigma of TB remains as powerful as that of
HIV/AIDS. Sharing food and eating utensils among
family members and friends is common in many Afri-
can countries. Persons known to suffer from TB are
often prevented from sharing and are completely
ostracised. This fear of persisting social isolation
tends to encourage patients to hide their disease until
intervention is too late. In a close-knit community,
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where two or three families live under one roof,
people are as reluctant to provide information about
a confirmed diagnosis of TB as they would be about
HIV/AIDS. Targeted patient education needs to address
misconceptions about TB and ensure adherence to
treatment. Health workers should develop a knowl-
edge and understanding of common beliefs and per-
ceptions about illness in the communities in which
they work.

Responding to public health imperatives and min-
imising stigma remain in a delicate balance. The pro-
file of risk for bovine TB, however, is based on animal-
to-human, rather than human-to-human transmis-
sion. Social discrimination based on TB status is thus
more a matter of stigma than of appropriate public
health precautions. Risk factor assessment and iden-
tification of this infectious agent in both humans and
animals will be the first step towards adopting depend-
able preventive, therapeutic and control measures.

llliteracy

Another, yet unsolved social problem in most rural
communities of Africa is illiteracy. Inability to read
and write, and failure to utilise modern methods of
communication, makes prevention and control pro-
grammes difficult and often impossible to apply.

Demography, eating habits, living and
socio-economic status of families

For most urban dwellers, milk is considered the main
vector for infection by bovine TB, while farmers and
abattoir workers are mostly exposed to aerosol infec-
tion by close contact with infected animals.* For most
rural African populations, consumption of raw milk
and milk products and close association between ani-
mals and farmers are common, and encourage expo-
sure to both alimentary and respiratory infection by
M. bovis.

The following factors contribute to the acquisition
of infection in farmers and urban dwellers: 1) family
ownership of cattle; 2) previous livestock ownership;
3) history of working with animals; 4) living with a rel-
ative who owns cattle; and 5) consumption of unpas-
teurised milk and raw or poorly cooked meat.41-43

Occupations related to acquisition of infection
are: 1) abattoir workers, veterinarians and labora-
tory technicians; 2) animal caretakers in zoos; and
3) workers in animal reservations and national
parks.36:43,44

Demographic factors also contribute to the epide-
miology of bovine TB. These include income, educa-
tion, age, number of families per dwelling, number of
individuals per m? in a dwelling, sanitation, etc. Fam-
ilies in low-income countries such as Africa often
experience malnutrition. This, associated with the
burden of HIV/AIDS infection, increases susceptibility
to various infectious diseases such as TB by impairing
the immune system, particularly lymphocyte func-

tion, which plays an important role in containing
mycobacterial infections.* Infants are more vulner-
able to food-borne M. bovis infection, whereas in older
individuals overt TB may occur as a result of endoge-
nous reactivation.3:8:36:43 Poor sanitation, lack of ac-
cess to clean water, crowding, poor housing and the
absence of health care play an important role in the epi-
demiology of TB in developing countries.*6:47

HIV/AIDS-ASSOCIATED HUMAN
TB DUE TO M. BOVIS

TB and other mycobacterial infections are major
opportunistic infections in HIV/AIDS-infected indi-
viduals,*8 while HIV/AIDS is a major predisposing
factor for TB, including reactivation of disease. The
current spreading pandemic of HIV/AIDS infection in
developing countries, especially where bovine TB is
prevalent in domestic and wild animals, poses an
additional serious public heath threat.”.10,33,36

DIAGNOSIS

TB can be diagnosed clinically, but usually only in the
later stages of the disease. The tuberculin skin test
(TST) is universally recognised and is generally used
for preliminary diagnosis in bovine TB control pro-
grammes. However, in countries with low disease prev-
alence or disease free status, meat inspection is used
for diagnosis and surveillance. Other tests, such as an
antibody enzyme-linked immunoassay (ELISA) and
the gamma-interferon assay, have been used as sup-
plementary tests in eradication and control. Assays
for bovine interferon-gamma have recently been applied
to indicate infection.#® Confirmation of infection,

however, often relies on isolation and identification
of M. bouvis.

Clinical examination and necropsy

Many cattle with bovine TB are clinically normal.
Some cows with extensive miliary tuberculous lesions
also appear clinically normal, but progressive emaci-
ation unassociated with other signs should arouse
suspicion of TB. Capricious appetite and fluctuating
temperature are also commonly associated with the
disease. Pulmonary involvement is eventually charac-
terised by chronic cough, together with dyspnoea and
other signs of low-grade pneumonia. Affected ani-
mals are docile and sluggish, but the eyes remain
bright and alert.!! A report from Great Britain on the
pathological examinations of cattle over 6 months
old stated that the primary complex in TB is in the
lungs and their associated lymph nodes.5® More recent
studies reported by Neill et al.’! and Pollock and
Neill25 indicate that the precise processes by which
cattle become infected by M. bovis may not be com-
pletely characterised or understood.
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Microscopy

M. bovis can be demonstrated microscopically on
direct smears from clinical samples, and on prepared
tissue materials. Tissue smears from affected organs
stained by the Ziehl-Neelsen (ZN) method can be
used to demonstrate the presence of acid-fast myco-
bacteria, red bacilli on a pale blue background (meth-
ylene blue staining), and appear on a green background
if re-stained with malachite green. Examination of a
haematoxylin-eosin-stained section of lesion for each
case that is positive on smear is valuable. This tech-
nique is cheap, practical and a useful preliminary
diagnostic step in developing countries where other
laboratory facilities are not available; furthermore,
identification in clinical samples and pathological
specimens can be performed rapidly.3°

Culture on artificial media

Specimens are taken from lesioned lymph nodes and
parenchymatous organs such as lungs, liver, spleen,
etc. In animals with positive intradermal skin tests
but showing no gross pathological lesions, samples
from the retropharyngeal, bronchial, mediastinal and
mesenteric lymph nodes are collected routinely for
culture examination; the supramammary and man-
dibular glands and liver are sometimes included. Spec-
imens are ground in silver sand, macerated or homo-
genised in a stomacher and decontaminated. Following
centrifugation the sediment is often inoculated onto a
set of solid media slopes consisting of egg-based
media such as L], Coletsos base and Stonebrink’s
media. Slopes of these media containing pyruvate are
inoculated, usually in duplicate, and an agar-based
medium, such as Middlebrook 7H10 or 7H11, is also
often used. Stonebrink’s medium containing sodium
pyruvate without glycerol is possibly the best medium.
Colonies of M. bovis are expected to appear after 3—
5 weeks of incubation at 37°C.52

A radiometric culture method such as the semi-
automated BACTEC 460 system employing a liquid
supplemented Middlebrook medium can also be used.
Radio-labelled carbon dioxide (14CO,), obtained fol-
lowing metabolism of 4C-labelled palmitic acid incor-
porated into the culture medium, is measured in an ion
chamber system as an indicator of bacterial growth.
ZN-stained smears from suspect culture growth are
examined by direct light microscopy. Suspected myco-
bacterial cultures are inoculated into liquid or solid
media and incubated for at least 8 weeks at 37°C in
air with or without increased CQO,. Identification of
presumptively identified mycobacterial isolates is com-
monly carried out by determining cultural and bio-
chemical properties. The radiometric method provides
results significantly more rapidly than traditional cul-
ture, but is often sensitive to fungal contamination,
particularly when certain animal specimens are
used, and will grow atypical mycobacteria or non-
mycobacterial organisms not restricted by the antibi-

otics incorporated.s2 The disadvantages of this method
are that the BACTEC method is more expensive,
requires an instrument to read the culture vials, and
involves handling of radioisotopes. It should be noted
that acid-fastness is not restricted to the mycobacte-
ria; other acid-fast organisms include Corynebacte-
rium spp., Nocardia spp., and Rhodococus spp. Col-
ony of MTC organisms in primary cultures can be
observed after 4-6 weeks on solid media, and after
13-15 days in radiometric and automated culture
systems.>3 The drawback of using radioisotopes has
been overcome in a newer system of the Bactec ‘MGIT’
960 culture system, which employs a fluorometric
detection system. This system is considerably more
expensive to buy, however, and has not yet proved
consistently effective for culturing M. bovis from clin-
ical specimens. Although older, other techniques are
still in use3? such as: 1) bacillary morphology and
growth rates; 2) enhancement by glycerol of growth
of M. tuberculosis isolates and suppression of M.
bouvis isolates; 3) niacin synthesis by M. tuberculosis
but not by M. bovis isolates; 4) enhancement by pyru-
vate for growth of M. bovis; 5) oxygen preference—
M. bovis is microaerophilic, whereas M. tuberculosis
is aerobic; 6) growth characteristics—both M. bovis
and M. tuberculosis fail to grow at 25°C and 42°C and
hence are strict mesophiles; 7) colony pigmentation—
neither M. bovis nor M. tuberculosis colonies are pig-
mented; 8) nitrate is reduced by M. tuberculosis but not
by M. bouis isolates; 9) sensitivity to drugs—resistance
to pyrazinamide of M. bovis isolates and sensitivity
of M. tuberculosis isolates; 10) susceptibility to
thiophene-2-carboxylic acid hydrazide by M. bouvis
but not by M. tuberculosis isolates.

Research is ongoing for alternative methods that
are rapid, cheap and easy to perform. Recent studies
using the mycobacterial antigen (MPB64) revealed
discrimination of MTC members from mycobacteria
other than tuberculosis (MOTT),* while Hase-
gawa et al. reported using lateral flow immunochro-
matographic assay (ICA) to detect MPB64 with anti-
MPB64 monoclonal antibody, with 100% specificity
and sensitivity in differentiating MTC bacteria from
MOTT.5S Other modern laboratory methods can be
applied to discriminate mycobacterial isolates on the
basis of the genomic characteristics of the organism.
However, these methods are expensive for most de-
veloping countries with limited financial and techni-
cal resources.

Molecular diagnostics

Culture is still internationally considered the gold
standard for detection of mycobacteria; however, the
intensity of labour required and the possible presence
of viable non-cultivable mycobacteria in some clinical
specimens requires more appropriate methods. Molec-
ular diagnostic methods are in principle attractive re-
placements for traditional procedures, but such tests
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should have demonstrable, sustained improvement in
sensitivity, specificity and reproducibility. They may
be convenient and less costly when used for high
throughput, but the availability of appropriate re-
sources and trained staff is important and must be
considered, particularly in developing countries. There
is often a tendency to underestimate the difficulties
inherent in introducing and applying these technolo-
gies to pathogens such as mycobacteria.

In mycobacteriology, for obvious reasons, molecu-
lar technologies have been applied primarily to enhance
detection and typing of M. tuberculosis. More recently,
however, through international collaborative efforts,
attention has been directed at M. bovis as a significant
animal pathogen with zoonotic potential. The intra-
cellular nature and impermeability of mycobacterial
cell walls, together with the presence of polymerase
chain reaction (PCR) inhibitors in clinical specimens,
limit the efficiency of PCR detection. This can be
problematic and impact on the potential uses of PCR
detection with certain clinical specimens and in par-
ticular with specimens taken from tuberculous cattle,
where low numbers of bacilli are common. Although
amplification-based detection kits are commercially
available, a recent review indicates that detection of
M. bovis in animals has focused primarily on ‘in-
house’ amplification-based systems.56

Molecular biology techniques have now provided
a means to detect and differentiate M. bowvis isolates.
Such differentiation should enable systematic epide-
miological surveys to be conducted and, potentially,
the origins of infection to be traced. Fingerprinting of
M. bovis has been extremely effective using the
restriction fragment analysis technique referred to as
REA.57 However, widespread adoption of the method
has been curtailed by issues such as potential cost and
difficulties in technology transfer. A modified method
of pulse field gel electrophoresis (PFGE) for M. bovis
has had little uptake generally, as most methods now
have advanced to exploiting the repetitive DNA
sequences that occur in the mycobacterial genomes.
Two types of repetitive DNA are known in bacterial
genomes—dispersed repeats and tandem repeats. Dis-
persed repeats include mobile genetic elements, includ-
ing insertion sequences (ISs) and prophages.’8 Most
of these ISs are located in the same genome position in
members of the MTC; however, there are significant
differences between species that are useful for diagnos-
tics. The insertion element 1S6110, which belongs to the
IS3 family, is the most abundant and best-characterised.
The IS6110 copy number varies from 0 to 25 in MTC
bacteria, whereas in M. bouis isolates the 1S6110
copy number is low, often occurring singly, especially
in isolates from cattle.’® Interestingly, and usefully
exploitable, the IS6110 copy number is often higher
in M. bovis isolates from more ‘exotic’ animal species.5?

Finding repetitive DNA in the genomes of MTC
bacteria enabled an array of typing or fingerprinting

techniques to be developed based on DNA amplifica-
tion or Southern blotting, or a combination of the
tw0.60 DNA polymorphism in MTC is found in M.
tuberculosis, M. africanum, M. bovis, M. bovis BCG,
M. bovis subsp. caprae, M. microti and M. canettii.6!
Strain typing of M. tuberculosis isolates by 1S6110-
RFLP (restriction fragment length polymorphism) is
now internationally accepted and is used to monitor
the efficacy of human TB control programmes and to
detect point source outbreaks.62 However, for M.
bouvis isolates from cattle, because the 1S6110 copy
number is low, additional probes are often required in
RFLP typing to improve discrimination.> It is widely
accepted that the RFLP techniques are highly discrim-
inating, but they are also cumbersome and inconve-
nient to use. Other methods have therefore been
developed, such as the spacer-oligotyping (spoligo-
typing) technique, which employs PCR amplification
of the DNA sequence of the highly polymorphic
direct repeat (DR) locus and reverse-cross blot hybrid-
isation to detect the presence or absence of spacer
DNA sequences, mostly from M. tuberculosis. The
polymorphism is carried by these spacers, which are
variable in length (35-41 bp). Spoligotyping is easily
executed and produces a simple digital pattern, but it
is less discriminating than REA or RFLP.63 Further
ex-amination of M. tuberculosis and M. bovis isolates
has revealed additional spacer sequences that may
further improve discrimination.é* Spoligotyping is
possibly the most widely used typing method for dif-
ferentiation of isolates belonging to the MTC; because
of its simplicity it is becoming a favoured method for
typing M. bovis isolates. The method has been
employed for simultaneous diagnosis and typing of
mycobacterial isolates.63:65

The availability of the complete genome sequences
for M. tuberculosis and M. bouvis, together with
advances in bioinformatics, has revealed novel infor-
mation about DNA repeat sequences that has been
employed to develop new typing methods for discrim-
inating isolates.’8 One example is the variable num-
ber of tandem repeat (VNTR) typing method,s¢ which
through amplification of PCR products has exploited
the VNTR loci comprising repeat units of varying size
and copy number.67-68 This method has the advantage
of having the potential for automation and is hence
useful for high throughput. There is little doubt that
further advances will bring new genomic informa-
tion, but these will have little immediate value for
widespread adoption in developing countries.

Molecular technologies are currently rarely em-
ployed in developing countries, and where they are
available, priority is often given to human cases. In
Guinea-Bissau, Kallenius et al. successfully differenti-
ated M. bovis and M. tuberculosis from other myco-
bacteria by combining biochemical tests with 1S6110
RFLP and spoligotyping.22 A recent study in Ethiopia
showed the importance of molecular techniques in
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differentiating between M. tuberculosis, M. africanum
and M. bovis, which were found to cause tuberculous
lymphadenitis in humans.®® Genotypic characterisa-
tion of mycobacterial isolates previously identified as
M. africanum, and isolates from TB patients in Africa
(Burkina Faso, Ivory Coast, Senegal, Mauritania,
Benin, Burundi, Rwanda, Cameroon, Central African
Republic and Madagascar) and France, was performed
on the basis of IS6110 RFLP analysis, IS1081 RFLP
analysis, spoligotyping, VNTR typing, and the poly-
morphism of the oxyR, pncA and mip40 loci. The
results obtained showed that the majority of M. afri-
canum isolates were characterised by a specific spoli-
gotyping pattern that was intermediate between those
of M. tuberculosis and M. bovis.62

PREVALENCE OF M. BOVIS
IN SUB-SAHARAN AFRICA

In sub-Saharan Africa, where nearly 2 million TB
cases occur each year, it is unknown what role cattle-
derived M. bovis plays in the epidemic of TB.7° How-
ever, there is substantive evidence of significant trans-
mission of M. bovis in pastoral communities with close
human-to-livestock contact.”! In Sahelian countries,
for example, there are large communities in which no
livestock screening for bovine TB is conducted and
people are exposed to direct contact with animals
and consume unpasteurised milk and milk products.
Due to a lack of capability to isolate and differentiate
the organism from TB cases, cases due to M. bovis are
possibly underreported, and may represent a signifi-
cant threat to the community.”

In Nigeria, Idigbe et al. found M. bovis in 4% of
patients with lower respiratory tract symptoms.’2
Hoffner et al. reported isolation and biochemical
characterisation of M. tuberculosis and M. bovis in
humans in Guinea-Bissau.”3 Vekemans et al. have ret-
rospectively analysed the TB registers of Bobo Diou-
lasso, Burkina Faso, which correlated prevalence of
cattle-related TB in ethnic groups.’* In Burundi,
Rigouts et al. isolated M. bovis in 38% of clinically
suspected bovines.”> DNA fingerprinting revealed 4—
8 copies of IS6110 for all M. bowis isolates with some
degree of polymorphism. In Madagascar, a propor-
tion of M. bovis (1.25%) was observed among spu-
tum smear-positive patients and among extra-pulmo-
nary TB patients (1.30%).7¢ Jiwa et al., referring to
the high morbidity and mortality due to HIV/AIDS in
the Kagera area of Tanzania, suggested that the pres-
ence of bovine TB in cattle necessitates further inves-
tigation into the role of animal-derived bovine TB in
human health.”” Kazwala et al. emphasised that non-
tuberculosis complex mycobacteria are a danger to
human health in countries such as Tanzania, where
the number of people with impaired immunity due to
HIV/AIDS infection is growing.*? Ledru et al. suggest
that most TB cases in African HIV/AIDS patients are

due to exogenous re-infection rather than to reactiva-
tion of endogenous M. tuberculosis.”8 Considering
the association of HIV/AIDS with TB in humans, sim-
ilar risk may occur in individuals exposed to infection
with M. bovis.1?

Livestock

M. bovis is endemic in Uganda.” Vekemans et al.
reported purified protein derivative (PPD) TST of cattle,
with 13% positive reactions and isolation of myco-
bacteria in 26% of 60 retailed milk samples collected
in markets in Burkina Faso.” Jiwa et al. report a 0.2%
prevalence of bovine TB in the Lake Victoria area of
Tanzania.””

Kazwala et al. isolated mycobacterial species from
the raw milk of pastoral cattle in the Southern High-
lands of Tanzania.*2 Although the number of M. bovis-
positive samples was low, the habit of pooling milk
may still pose a public health danger to milk consum-
ers. There is very little information, mostly in the
form of unpublished reports, on the prevalence of M.
bovis in livestock in Chad, where Schelling et al.
found a 17% prevalence of bovine TB using the PPD
tuberculin test.8 Quantification of M. bowis in live-
stock is thus clearly important. Chad, where 949
cases of human TB were reported for a total popula-
tion of nearly 7 million in 1996, is suspected to have
an incidence of TB ranging from 100 to 250 per
100000 population. In this situation an incidence
rate of M. bovis-derived TB of 4-25/100 000 can be
expected, depending on levels of exposure to infected
livestock and milk.#!

Although bovine TB in cattle is widespread in
Africa, some member states fail to report the annual
prevalence and incidence of the disease to the OIE,
while others tend to report the disease sporadically, at
intervals of several years (Table).

Sub-Saharan Africa covers large expanses of arid
territory, where dairy cattle production is limited due
to inadequate forage; in these areas goats are com-
monly kept for milk and meat production, and are
locally known as ‘poor man’s cows’ due to their adapt-
ability to the high temperatures and efficient conver-
sion of inedible roughage to edible animal protein.
Contact between goats with cattle at pasture and in
huts at night is common, and may expose them to
infection with M. bovis. Similarly, in Spain, Garcia-
Marine has reported isolating M. bovis from goats
housed with cattle at night to protect them from wild
carnivores.8!

Game animals

In those countries where bovine TB has been elimi-
nated, wild and feral tuberculous animals constitute a
serious risk of re-infection for domestic animals.
Woodford found M. bovis in warthog (Phacochoerus
aethiopicus) and buffalo (S. caffer-sparrman) in the
Ruwenzori National Park in Uganda.82 On follow-up
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Table Bovine tuberculosis in cattle in 43 African countries, 1992-2001*

Country 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Algeria + + + + + + + + + +
Angola + + + + + + + NR + NR
Botswana + NR 000 1993 NR NR NR NR NR NR
Burkina Faso + + NR + + + + + NR NR
Cameroon + + NR NR ? + + + + +
Cape Verde NR + NR NR ? ? NR 1987 NR NR
Central African Republic ? ? + + + NR NR NR NR NR
Chad + + + + C + + NR NR NR
Comoros ? ? NR NR NR NR 000 NR NR NR
Ivory Coast + + + + + + + + + +
Democratic Republic of Congo NR NR NR NR NR + NR NR NR NR
Egypt + + + + + + + + + +
Eritrea + + + NR + + + + + +
Ethiopia + + + + + NR NR +
Gabon NR NR NR + NR NR NR NR NR NR
Gambia NR NR NR NR S NR NR NR NR NR
Ghana + + + + +? + + NR + +
Guinea C NR C e NR NR NR NR NR
Kenya 000 NR NR NR + + + + + +
Lesotho C NR NR NR NR NR NR NR + NR
Libya + ? + NR NR + + + + +?
Madagascar + + + + + + + + NR NR
Malawi + + NR + + + + + NR +
Mali + NR NR NR + + + + + NR
Mauritius + + NR NR + NR NR NR NR NR
Morocco + + + C + + + + + NR
Mozambique + + + NR 1995 + + + NR NR
Namibia 1984 1984 + + + 1995 1995 1995 1995 1995
Niger + + + + NR + + NR NR +
Nigeria + + + NR + NR NR NR NR +
Reunion (FR) + NR NR NR + + + + + +
Sao Tome & Principe NR NR NR NR NR NR NR NR NR NR
Senegal + NR NR NR C C C NR NR NR
Seychelles NR NR NR NR NR NR NR NR 000 NR
South Africa + + + + + + + + + +
Sudan + NR NR NR 1992 1992 1992 1992 1992 1992
Swaziland NR + NR + +? + + NR + +
Tanzania + NR NR + NR + + + +7? +
Togo + NR NR + NR + NR NR + +
Tunisia + + + + + + + + + +
Uganda + + + + + + + + + +
Zambia + NR o + - + + NR + NR
Zimbabwe NR NR NR 1990 1990 1990 1990 1990 1996 1996

* Data were extracted from the following sources: FAO-OIE-WHO Animal Health Yearbooks, Rome, Italy: OIE, 1992-1997, and OIE World Animal Health in

1997. Parts 1 and 2, Paris, France: OIE, 1998-2001.

+ = low sporadic occurrence; NR = disease not reported; 000 = never reported; (1987) = year of last occurrence; ? = suspected but not confirmed; . . . = no
information available; +? = serological evidence and/or isolation of causative agent, no clinical disease.

of an outbreak of M. bovis in a population of feral
baboons in Kenya, Sapolsky and Else concluded that
the source of infection was animals feeding on village
abattoir offal of M. bovis-infected cows.83

Bovine TB is now a particularly serious problem
in South Africa’s Kruger National Park, where bovine
TB was diagnosed for the first time in an African buf-
falo in 1996.84 In the same year, Keet et al. reported
bovine TB in a cheetah, two lions and a baboon (Papio
ursinus) from the park.12 It is assumed that they
contracted the disease directly or indirectly from
tuberculous buffaloes. Tuberculous granulomatous
lesions in the lungs were extensive and constituted
the predominant changes in all three animal species.
African buffalo form an integral part of the ecosys-
tem, serving as a source of infection for predators

and the environment, and they are one of the pref-
erential prey animals for lions in Kruger Park.8s
Weak, young, old and debilitated animals are more
vulnerable to predation by lions and other large
predators.

Transmission of the infection to herds of wilde-
beest was confirmed for the first time in 1998. The
continuing geographical spread of the disease to ani-
mal species such as kudu (Tragelaphus strepsiceros),
baboons (Papio sp.), lions (Panthera leo), cheetah
(Acinonyx jubatus) and leopards (P. pardus) living in
the parks and consequently to free-ranging species
that may act as maintenance hosts of the infection is a
matter of serious concern.86 From a conservation point
of view, bovine TB therefore potentially poses a serious
threat to endangered species.



Bovine tuberculosis in Africa 933

CONTROL AND PREVENTION

As Cousins has suggested,8” there are various reasons
for attempting to eradicate bovine TB: 1) the risk of
infection to the human population; 2) loss in produc-
tivity due to infected animals; and 3) animal market
restrictions set by countries with advanced eradica-
tion programmes. The priority they are given will
vary depending on factors specific to the country in
question. In Africa, the economic losses associated
with livestock contracting bovine TB has either never
been studied or has not been examined sufficiently.
However, data can be obtained from other countries
where bovine TB is prevalent. In Argentina, for ex-
ample, the annual loss due to bovine TB is approxi-
mately US$63 million.2 Based on these estimates, it
can be inferred that bovine TB may pose a serious
economic risk to Africa. Moreover, preliminary reports
submitted by member states to the OIE indicate that
the disease occurs almost everywhere on the African
continent, with inevitable economic and public health
implications (Table).

In industrialised countries, control and eradication
of bovine TB has been successfully carried out by reg-
ular testing and removal of infected animals under
mandatory national bovine TB programmes. Such
programmes have been successful in many European
Union member states and in seven central European
countries between 1953 and 1980.1% In developing
countries, however, bovine TB remains a major ani-
mal health problem, mainly because these countries
cannot shoulder the financial burden required to imple-
ment a control programme and compensate for slaugh-
tered animals. Limited access to education, poor infor-
mation networks and lack of disease surveillance are
other factors that limit the implementation of any
such programme.

Vaccination

BCG, an attenuated strain produced by continuous
subculture of a wild-type M. bowis isolate from cattle,
has played a crucial role in controlling human TB,
particularly in children. However, its use for bovine
TB is less effective. Using BCG vaccination to control
bovine TB is an option that has been considered in
European countries, North America and some Afri-
can countries. However, because of its limited effec-
tiveness, the Joint WHO/FAO Expert Committee on
Zoonoses stated in its second report that “The com-
mittee is of the opinion that vaccination has no place
in the eradication of bovine TB in cattle’.88 In a
report by Waddington and Ellwood, attempts to pro-
tect cattle against bovine TB by BCG vaccination had
no success.8?

Buddle et al. found an absence of protective immu-
nity in BCG-vaccinated cattle, possibly linked to
immune responses developed to environmental myco-
bacteria, although it might have been expected that

exposure to the shared antigens of environmental myco-
bacteria would provide acquired protection from
bovine TB.?0 A study conducted by Corner et al. on
the use of vaccine against bovine TB in brushtail pos-
sums (T. vulpecula) revealed 69% efficacy of BCG
vaccine.®! Skinner et al. recently examined the effi-
cacy of vaccination with BCG alone and a DNA
prime-BCG boost regimen in cattle challenged with
virulent M. bovis. The prime-boost regimen signifi-
cantly enhanced protection in six parameters com-
pared to significant enhancement of protection in
only two parameters for BCG alone.?2 This was dem-
onstrated by fewer animals with severe lung lesions,
fewer lymph nodes with lesions per animal, a smaller
proportion of animals with lesions, lower mean lung
and lymph node lesion scores and less M. bovis iso-
lated from retropharyngeal and thoracic lymph nodes
compared to non-vaccinated challenge animals.?!

A vaccination strategy employing BCG would obvi-
ously necessitate developing differential diagnostic
assays to distinguish vaccinates from non-vaccinates,
as BCG vaccination causes sensitivity to tuberculin,
the PPD routinely used in skin testing tuberculous
cattle. Because of this and the varying efficacy of BCG
in cattle, recent research capitalising on advances in
immunology and molecular biology has focused on
alternatives to BCG, including novel attenuated M.
bouis strains, sub-unit vaccines and recombinant DNA
vaccines.”? The recently available M. bovis genome
sequence should have a significant impact on new
generation vaccine candidates.**

Eradication of bovine TB using compulsory test
and slaughter strategies has proven difficult even in
industrialised countries, where cattle movement can
usually be controlled. In some of these countries, where
natural reservoirs of the disease in wild animals pose
a serious risk of transmission to domestic livestock,
the problems have been exacerbated, and eradication
programmes remain unsuccessful. In most African
countries, controlling free movement of animals within
a country is difficult and movement between countries
cannot be regulated, primarily due to a lack of border
controls. In addition, spread of bovine TB amongst
wildlife in game parks in Africa is increasingly being
recognised as a serious problem, with consequences
for domestic animals. African countries may there-
fore find advantages in vaccinating susceptible animals.
Daborn and Grange have suggested strategic vaccina-
tion of susceptible domestic animals in endemic areas
as a feasible option for Africa, where control of bovine
TB is a much more acceptable and practical measure
and eradication is not the objective.® Skinner et al.
reported that vaccination could potentially be used to
control bovine TB in countries where wildlife reser-
voirs exist and in those that cannot afford conventional
control procedures.”s Development and production of
an effective vaccine with appropriate methods and
strategies for delivery could therefore contribute to
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bovine TB control in Africa. This is obviously a task
best undertaken at a global level and applied locally
in appropriate scenarios.

CONCLUSIONS

Although other infectious diseases that are more fatal
for animals are prevalent in Africa, bovine TB is a sig-
nificant zoonotic human pathogen that aggravates
the “triple trouble’ of HIV/AIDS and TB infection and
malnutrition. International market requirements in
trading of animals and their products seek demon-
strable high health status of food animals. In the long
run, therefore, developing countries such as those in
Africa need to control and eventually eradicate bovine
TB, as agriculture remains the backbone of many of
these nations’ economies.

Numerous actions could be taken to assist bovine
TB control in both animals and humans. In general,
information about zoonotic diseases and their poten-
tial impact on human health should be disseminated
appropriately in developing countries. The following
remedial measures are suggested for bovine TB:

e While pasteurisation of milk is essential to render
milk free of M. bovis for human consumption, this
option is not applicable in rural African communi-
ties due to lack of infrastructures and traditional
use of curdled milk; this custom should be eradi-
cated by educating the public to boil milk before
consumption.

¢ As inspection of abattoir meat is limited in urban
areas for the same reasons as milk pasteurisation,
thoroughly cooking meat would reduce human TB
due to M. bovis and other food-borne infectious
diseases.

e Economic and technical assistance by industrial-
ised countries is essential to promote control of TB
in general and of bovine TB in particular. The deci-
sion makers of all African nations, particularly
heads of government and departments of culture,
health, education and agriculture, can play a role
by creating the infrastructure necessary to achieve
this goal.

¢ In the context of global eradication of TB, elimina-
tion of bovine TB in domestic and wild animals
could be considered as a long-term objective for
developing countries such as in Africa; neverthe-
less, control of the disease is now essential. The
development and use of new and effective vaccines
to susceptible animals are therefore a priority.

For those who have the capacity to perform iden-
tification of both M. tuberculosis and M. bovis iso-
lates, the contributions to human infection from ani-
mal sources need to be verified, and the emergence of
multidrug-resistant strains needs to be monitored. This
will provide substantial information for the national
and international scientific community to assess the

character of new strains. Despite the high cost of
general, widespread application in developing coun-
tries, molecular typing may be necessary and could
enhance epidemiological surveillance of the disease
and comparison of strains in different regions of the
world.

Although it may be considered as a local or regional
issue, bovine TB in the developing world should be
seen in the context of the devastating effect of the
HIV/AIDS pandemic associated with mycobacterial
infections. The majority of these nations’ populations
live in resource-poor settings where nutritional deple-
tion results in impairment of the host immune function
and failure of anti-tuberculosis treatment and vaccina-
tion. The international community must therefore
respond rapidly to these problems to curb any addi-
tional contribution to the growing global TB pan-
demic, with its consequent disastrous effect on humans.
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RESUME

La tuberculose bovine est une affection caractérisée par
le développement progressif de l1ésions granulomateuses
spécifiques ou de tubercules dans les tissus pulmonaires,
dans les ganglions lymphatiques ou dans d’autres or-

ganes. L’agent causal de la maladie est Mycobacterium
bovis. Les espéces bovines, y compris les bisons et les
buffles, sont sensibles a cette affection, mais presque
tous les animaux a sang chaud peuvent étre atteints. La
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sensibilité a I’égard de la maladie n’est pas égale dans
toutes les espéces ; certains sont des hotes-réservoir (ter-
minaux) et d’autres des hotes de persistance. En Afrique,
la maladie affecte principalement le bétail ; toutefois,
Pinfection d’autres animaux de ferme ou domestiques,
tels que les moutons, les chévres, les cochons, les chiens
et les chats, n’est pas rare. Les ruminants et les carnivo-
res sauvages sont également atteints et sont les réservoirs
naturels de I’agent infectieux dans le gibier. L’homme est
lui aussi sensible a la maladie, les groupes a risques les
plus élevés étant les individus atteints d’une infection
concomitante par le VIH/SIDA. En Afrique, on admet
que la tuberculose humaine est généralement due a M.

tuberculosis ; toutefois, une proportion inconnue des cas
est due a M. bovis. Cette infection chez les humains est
sous-déclarée par suite de I'incapacité d’un grand nom-
bre de laboratoires a faire la distinction entre M. bovis et
M. tuberculosis. Aucun des rapports nationaux soumis a
I’OIE et a ’OMS par les Etats membres des pays d’Afri-
que ne mentionne I'importance de M. bovis dans les cas
de tuberculose humaine. La consommation de lait non
pasteurisé et de viande insuffisamment cuite ainsi que
des contacts étroits avec les animaux infectés représen-
tent pour les humains les principales sources d’infection.
Cette revue tente d’examiner 'impact de la tuberculose
bovine sur la santé des animaux et des humains.

RESUMEN

La tuberculosis bovina es una enfermedad caracterizada
por un desarrollo progresivo de lesiones granulomatosas
especificas o tubérculos en el tejido pulmonar, en los
ganglios linfaticos o en otros organos. Mycobacterium
bovis es el agente causal de esta enfermedad. Las espe-
cies bovinas, incluyendo los bisontes y los biuifalos, son
susceptibles a esta enfermedad, pero casi todos los ani-
males de sangre caliente pueden ser afectados por ella.
Todas las especies no son sensibles de la misma manera ;
algunas son huéspedes reservorio (terminales) y otras
huéspedes de mantencién. En Africa la enfermedad
afecta primariamente al ganado ; sin embargo, no es infre-
cuente la infeccion de otros animales de granja o domés-
ticos, tales como las ovejas, las cabras, los cerdos, los
perros y los gatos. Los rumiantes salvajes y los carnivo-
ros también son afectados y son reservorios naturales del
agente infeccioso en la selva. El hombre también es sus-

ceptible a la enfermedad, los grupos de mas alto riesgo
siendo los individuos con infeccién concomitante VIH/
SIDA. En Africa, se sabe que la tuberculosis humana es
ampliamente causada por M. tuberculosis ; sin embargo,
una proporcion desconocida de casos es debida a M.
bovis. Esta infeccion en los humanos es subdeclarada,
debido a las limitaciones diagnésticas de muchos labora-
torios para distinguir M. bovis de M. tuberculosis. Nin-
guno de los informes nacionales sometidos a la OIE y a
la OMS por los estados miembros de los paises africanos
hace mencién de la importancia de M. bovis en los casos
de tuberculosis humana. El consumo de leche no pasteu-
rizada y de carne incorrectamente tratada por el calor y
el contacto con los animales infectados representan las
principales fuentes de infeccion para los humanos. Esta
revision intenta examinar el impacto de la tuberculosis
bovina sobre la salud de los animales y de los humanos.




