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ABSTRACT

GOUS, T.A. & WILLIAMS, M.C. 2009. The pathology of tuberculosis caused by Mycobacterium tuber-
culosis in a herd of semi-free-ranging springbok (Antidorcas marsupialis). Onderstepoort Journal of
Veterinary Research, 76:419-441

The first detailed description of the pathology of tuberculosis, caused by Mycobacterium tuberculosis,
in springbok is reported. The springbok were part of a semi-free-ranging herd kept on the grounds of
iThemba Laboratory for Accelerator Based Science (LABS) in the Kuils River district of the Western
Cape Province, South Africa. Mycobacterium tuberculosis was isolated from three animals out of a
total of 33 sampled, with two animals showing tuberculosis lesions. The index case was an adult ewe
that showed advanced miliary tuberculosis with marked macroscopic and microscopic lesions in the
lungs, pleura and respiratory lymph nodes, and numerous acid-fast bacilli. Six healthy rams were
sampled nine months later and a pilot study indicated miliary tuberculosis lesions in one ram, which
again were macroscopically most prominent in the lungs, pleura and respiratory lymph nodes. Macro-
scopic lesions were also noted in the sternal, iliac, prefemoral and retropharyngeal lymph nodes.
Microscopy in this animal revealed lesions in the macroscopically affected organs as well as numer-
ous other lymph nodes, and suspected lesions occurred in the testicle and colon. Acid-fast bacilli
were scarce to moderate in affected organs. Because of the miliary nature of the lesions in both af-
fected animals, the route of infection could not be established conclusively. The lesions in most af-
fected organs of both animals resembled classical tuberculous granulomas. A main study conducted
on healthy animals 19 months after the pilot study failed to find any animal with tuberculosis lesions
in the group of 25 sampled, and all were negative for mycobacteria via mycobacterial culture.
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INTRODUCTION

Tuberculosis, caused by the bacterium Mycobacteri-
um tuberculosis, also referred to as human tubercu-
losis (HTB), is an uncommon disease in species
other than humans. It is a primary human pathogen
but may infect domestic or wildlife species that are
in close or prolonged contact with humans (Fourie
1983; Michalak, Austin, Diesel, Bacon, Zimmerman
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& Maslow 1998; Michel & Huchzermeyer 1998; Mon-
tali, Mikota & Cheng 2001).

Although M. tuberculosis is the most common infec-
tion in humans, Mycobacterium bovis is responsible
for an increasing proportion of human tuberculosis
cases (O’Reilly & Daborn 1995; Cosivi, Grange,
Daborn, Raviglione, Fujikura, Cousins, Robinson,
Huchzermeyer, De Kantor & Meslin 1998). Much
attention has been given to the zoonotic potential of
tuberculosis in wildlife populations and the threat
they present to human health (Fredrickson, Barton,
Ragan & Roberts 1971; Thoen 1988; Stetter, Miko-
ta, Gutter, Monterosso, Dalovisio, Degraw & Farley
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1995; Cosivi et al. 1998; Michalak et al. 1998; De
Lisle, Mackintosh & Bengis 2001). The reverse situ-
ation, however, has received little attention—the
threat tuberculous humans present to wildlife.

Almost all reports published on HTB in indigenous
wild animals in South Africa refer only to wild ani-
mals in captivity, notably non-human primates such
as chacma baboons (Papio ursinus) and vervet
monkeys (Cercopithecus aethiops) (Fourie 1983;
Michel, Venter, Espie & Coetzee 2003). Transmis-
sion to semi-free-ranging and free-ranging wildlife is
an extremely rare occurrence and only one report
describes HTB in free-ranging indigenous wildlife,
viz. banded mongooses (Mungos mungo) in Bo-
tswana and suricates (Suricata suricatta) in South
Africa (Alexander, Pleydell, Williams, Lane, Nyange
& Michel 2002).

In the rest of the world HTB in wild animals has
been recorded exclusively in captive wildlife, and
does not appear to occur naturally in free-living ani-
mals. The range of species infected includes non-
human primates, elephants, ungulates, carnivores,
marine mammals and psittacine birds (Thoen, Rich-
ards & Jarnagin 1977; Forshaw & Phelps 1991;
Montali et al. 2001).

The first case of tuberculosis in a springbok (Anti-
dorcas marsupialis) was recorded by Robinson in
1951 at the Pretoria Zoological Gardens (Robinson
1953). The animal was killed after a positive reac-
tion to the tuberculin test, and post mortem exami-
nation revealed extensive tuberculous lesions in the
lungs. Acid-fast bacilli were numerous in smears
made from the lung lesions. Although pure cultures
of M. tuberculosis were obtained, subsequent cul-
tures from guinea pigs that were inoculated with
affected lung material were considered to be of the
bovine type. A pure culture of M. tuberculosis was
obtained from an in-contact springbok that died
shortly afterwards, but inoculation of guinea pigs
was never attempted. The identity of the causative
Mycobacterium species in both these cases is
therefore, at best, equivocal. No description of the
pathology was given in either of the animals other
than “extensive tuberculosis lesions in the lungs”.
The paper by Hofmeyr (1956) mentions one case of
tuberculosis in a springbok at the Pretoria Zoological
Gardens, but gives no additional information re-
garding the causative Mycobacterium species or
pathology.

In December, 1999 HTB was diagnosed in a spring-
bok ewe that originated from a herd of semi-free-
ranging springbok that are kept on the grounds of
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the iThemba Laboratory for Accelerator Based Sci-
ence (LABS) near Faure in the Kuils River district of
the Western Cape Province, South Africa. Buildings
on the 42 ha site are interspersed with artificially
maintained kikuyu (Pennisetum clandestinum) and
kweek (Cynodon dactylon) lawns, with groves of
exotic alien vegetation consisting almost exclusively
of Port Jackson willow (Acacia saligna). Apart from
springbok, other semi-free-ranging game species on
the premises include Burchell’s zebras (Equus bur-
chelli), bontebok (Damaliscus dorcas dorcas), grys-
bok (Raphicerus melanotis) and steenbok (Raphice-
rus campestris). When the initial case of tuberculosis
was diagnosed in a springbok there were 48 spring-
bok, six bontebok, four zebras and a few grysbok
and steenbok present.

This study documents the pathology of HTB in the
springbok of iThemba LABS. After the index case
was diagnosed, an opportunity to examine more
springbok presented itself on 26 September 2000
when the iThemba LABS Staff Environmental Club
decided to cull six animals due to unsustainable
numbers. One animal showed advanced general-
ized (miliary) tuberculosis, and M. tuberculosis was
subsequently isolated from a pool of four organ
specimens. This prompted the main study during
which 25 animals were culled from April 2002 to
July 2002 for detailed pathological and bacteriologi-
cal investigation.

MATERIALS AND METHODS
Part one: Index case
Animals

On 20 December 1999 a prostrate and weakened
adult springbok ewe was presented for necropsy at
the Western Cape Provincial Veterinary Laboratory
(WCPVL) in Stellenbosch to establish the cause of
the clinical signs. The ewe was euthanased by
means of an overdose of intravenous barbiturates
and a full necropsy performed. Necropsy revealed
the possibility of tuberculosis and various speci-
mens to confirm the diagnosis were collected as in-
dicated below.

On 29 June 2000 an old springbok ram was found
dead at iThemba LABS after it had appeared “tired”
for at least a week prior to death. The carcass was
presented for necropsy at the WCPVL but advanced
decomposition made detailed examination impos-
sible. However, lesions suggestive of tuberculosis
were present in the lungs, and specimens were col-
lected as indicated below.
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Macro- and histopathology

All macroscopic lesions found at necropsy of the in-
dex case were recorded. The following tissue spec-
imens were collected from the index case for histo-
pathological examination and fixed in 10 % buffered
formalin: heart (multiple specimens), lung (multiple
specimens), mediastinal lymph node, bronchial
lymph node, liver, spleen, kidney, adrenal glands and
alimentary tract (oesophagus, abomasum, small in-
testine, large intestine and rectum). Specimens from
the ram consisted of lung tissue and pulmonary
lymph nodes. The formalin-fixed tissues were em-
bedded in paraffin wax and sections were cut at
5pum and routinely stained for histopathological
study with haematoxylin and eosin (H&E). All sec-
tions were also stained with Ziehl-Neelsen (ZN)
stain to detect acid-fast bacilli. Microscopic lesions
were recorded after light microscopic examination.

Bacteriology

A fresh unpreserved mediastinal lymph node that
showed lesions suggestive of tuberculosis was
aseptically collected from the index case. Two fresh
unpreserved lung specimens were aseptically col-
lected from the ram. These specimens were all fro-
zen (—20 °C) and dispatched in a frozen state, with-
in 5 days of collection, to the Tuberculosis Laboratory
at the Onderstepoort Veterinary Institute (OVI) for
mycobacterial culture.

The specimens were cultured for Mycobacterium
spp. according to the standard isolation and identifi-
cation methods for mycobacteria used by the OVI.
These methods have been described (Anon. 1983;
Bengis, Kriek, Keet, Raath, De Vos & Huchzermeyer
1996; Keet, Kriek, Penrith, Michel & Huchzermeyer
1996).

Part two: Pilot study
Animals

On 26 September 2000 the iThemba LABS Staff
Environmental Club decided to cull six springbok
due to unsustainable numbers. At this stage, HTB
was known to be present within the herd and a pilot
study was designed to evaluate these animals for
the presence of tuberculosis. The animals were ran-
domly selected by selecting every second animal
encountered, and consisted of clinically healthy
rams comprising three sub-adult and three adult
animals. The animals were stunned before death by
professional hunters using the intracranial gunshot
method with .22 calibre rifles. As soon as each ani-

mal fell to the ground the throat was cut to cause
exsanguination and death. Animals were identified
numerically and chronologically as they were eutha-
nased, and then transported to the WCPVL for
necropsy and sampling.

Macro- and histopathology

The main aim of the pilot study was to detect ani-
mals with macroscopic and microscopic tuberculo-
sis lesions, and to describe the lesions in detail. The
hallmark tuberculosis lesion is the granuloma, or tu-
bercle (Dungworth 1993), and any macroscopic
lesion resembling granulomatous inflammation was
described. These were lesions showing any of the
following characteristics: pinpoint to larger size,
multiple to single, distinctly outlined or poorly de-
marcated, flat to elevated above the organ surface,
pale to pigmented, with or without necrosis, calcifi-
cation, liquefaction, abcessation or encapsulation.

Tissue specimens were collected for histopatholo-
gical examination and all, except the lymph nodes
and specimens for mycobacterial culture (see be-
low), were fixed in 10 % buffered formalin. These
included the brain, eyes, heart (multiple specimens),
lung (multiple specimens), liver, kidneys, spleen,
adrenal glands, testes, thymus (if present) and ali-
mentary tract (tongue, oesophagus, abomasum,
duodenum, jejunum, ileum and colon). Specimens
from other organs and tissues were only collected if
macroscopic abnormalities were noted.

Fresh unpreserved lymph nodes were collected
aseptically and each lymph node placed in a sepa-
rate sterile container for processing within 24 h of
collection which entailed aseptic sectioning of each
lymph node into thin (1-2 mm) slices for macro-
scopic evaluation. Specimens from each lymph node
were then placed in 10 % buffered formalin, and the
remainder dispatched for mycobacterial culture.
Lymph nodes sampled included the tonsils, parotid
(left and right), retropharyngeal (left and right), man-
dibular (left and right), bronchial, mediastinal, ster-
nal, hepatic, splenic, ileocaecal, mesenteric, iliac,
inguinal, prescapular (left and right), prefemoral (left
and right) and popliteal (left and right) lymph nodes.

The formalin-fixed tissues were embedded in paraf-
fin wax and sections were cut at 5 ym and stained
with H&E and ZN. Microscopic lesions were record-
ed after light microscopic examination.

The suspect macroscopic granulomatous lesions
were confirmed and described microscopically.
Additional granulomatous inflammatory lesions not
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detected macroscopically, were given microscopic
descriptions. For the purpose of this study, micro-
scopic granulomatous inflammation was defined as
a lesion showing any combination of the following:
central caseous or coagulative necrosis, with or
without calcification, surrounded by macrophages,
epithelioid cells and multinucleated giant cells, and
more peripherally lymphocytes, plasma cells, mac-
rophages and varying degrees of fibroplasia, with or
without encapsulation. The reaction may be modi-
fied by haemorrhage, accumulation of fibrin and
neutrophil infiltration. The presence or absence, lo-
cation and relative numbers of acid-fast bacilli were
noted after ZN staining.

Bacteriology

Specimens for mycobacterial culture comprised
fresh unpreserved tissue samples from the lung
(multiple specimens), liver, spleen, kidneys, ileum
and all the lymph nodes listed above. These speci-
mens were placed in individual sterile containers
and immediately refrigerated at 2-4°C. The lymph
nodes were processed as indicated above. Speci-
mens were then frozen (—20°C) and dispatched in a
frozen state, within five days of collection, to the
Tuberculosis Laboratory at the OVI for mycobacte-
rial culture, where they were pooled into the follow-
ing four groups per animal: lungs, other organs (liv-
er, spleen, kidneys and ileum), organ lymph nodes
(bronchial, mediastinal, hepatic, splenic, ileocaecal
and mesenteric) and carcass lymph nodes [tonsils,
parotid (left and right), retropharyngeal (left and
right), mandibular (left and right), sternal, iliac, in-
guinal, prescapular (left and right), prefemoral (left
and right) and popliteal (left and right)]. These tis-
sue pools were each cultured for Mycobacterium
spp. according to the same protocol mentioned
above.

Part three: Main study
Animals

In 2002 the springbok numbers had increased to 62
animals and the iThemba LABS Staff Environmental
Club decided to cull several of them, which afforded
the opportunity to sample more animals for tuber-
culosis investigations. Professional hunters were
employed to cull 25 animals, consisting of 15 adult
ewes and ten adult rams, from April 2002 to July
2002. One ewe showed right hind leg lameness,
while the others all appeared clinically healthy and
were randomly selected. Random selection was
achieved by shooting every second animal encoun-
tered. The animals were shot in batches of between
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five and ten animals per day of sampling. Euthanasia
was performed as described above. Animals were
identified numerically and chronologically as they
were euthanased, and transported to the WCPVL
for necropsy and sampling.

Macro- and histopathology

Similar to that of the pilot study, the aim of the main
study was to detect animals with macroscopic and
microscopic tuberculosis lesions, and to describe
the lesions in detail. The same macroscopic and mi-
croscopic criteria for evaluation were therefore ap-
plied.

Tissue specimens were collected for histopatholo-
gical examination and all, except the lymph nodes
and specimens for mycobacterial culture, were fixed
in 10 % buffered formalin. These included specimens
from the brain, eyes, heart (multiple specimens), lung
(multiple specimens), liver, kidneys, spleen, adrenal
glands, testes, ovaries, uterus, mammary gland, uri-
nary bladder, pancreas and alimentary tract (tongue,
oesophagus, rumen, abomasum, duodenum, jeju-
num, ileum and colon). Specimens from other organs
were only collected if macroscopic abnormalities
were noted.

Fresh unpreserved lymph nodes were collected,
handled and processed as described above. Lymph
nodes sampled included the tonsils, parotid (left
and right), retropharyngeal (left and right), mandib-
ular (left and right), bronchial, mediastinal, ileocae-
cal, mesenteric, iliac, inguinal, prescapular (left and
right), prefemoral (left and right) and popliteal (left
and right) lymph nodes.

The formalin-fixed tissues were processed, stained
and examined for granulomatous inflammation in a
similar fashion to those of the pilot study.

Bacteriology

Specimens for mycobacterial culture comprised
fresh unpreserved lung (multiple specimens), all the
lymph nodes listed above and any other organ that
showed suspected tuberculosis lesions. These spe-
cimens were placed in individual sterile containers,
immediately refrigerated at 2—4 °C and the lymph
nodes processed as for the pilot study. After macro-
scopic examination of the lymph nodes, they were
pooled into four groups as follows: head (tonsils,
parotid, retropharyngeal and mandibular), thoracic
(bronchial and mediastinal), abdominal (mesenteric
and ileocaecal), peripheral (prescapular, prefemo-
ral, popliteal and inguinal). Specimens were then
frozen (=20 °C) and dispatched in a frozen state,
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within five days of collection, to the Tuberculosis
Laboratory at the OVI for mycobacterial culture.

At the OVI the lymph node pools, lungs, and other
organ specimens were each cultured individually for
Mycobacterium spp. according to the protocol out-
lined above.

RESULTS

Part one: Index case

The index case was an adult ewe (A1) and a sec-
ond possible case an adult ram (A2)

Macroscopic pathology

A1 showed marked emaciation. Hard and dry faecal
pellets were present in the rectum, resulting in con-
stipation and rectal prolapse. There was depletion
of peri-renal and mesenteric fat reserves, and the
fat in the coronary groove of the heart and bone
marrow cavity was soft, translucent and jelly-like
(serous atrophy of fat). These changes reflected
marked cachexia. The carcass of A2 showed ad-
vanced post mortem autolysis and putrefaction with
evidence of post mortem predation. Significant le-
sions were found in the following organs:

LUNG

The lungs of A1 showed moderate numbers of
multifocal, firm, round to oval, greyish white, nodular
granulomatous lesions throughout the lungs that
were more numerous in the caudal lobes. The nod-
ules measured 1—10 mm in diameter. Some of the
granulomatous nodules displayed irregular, multifo-
cal, central, yellowish, caseous necrotic foci meas-
uring 2-5 mm in diameter, with moderate calcifica-
tion, and were moderately encapsulated.

The entire visceral and parietal pleura of A1 was
covered in moderate numbers of multifocal, round
to ovoid, non-encapsulated, translucent to greyish
white plagues and nodules measuring 1-10 mm in
diameter. These nodules resembled “TB-grapes”
and consisted mostly of fibrous connective tissue
showing no to few, multifocal, irregularly shaped,
pale yellowish, central caseous necrosis measuring
1-5 mm in diameter, and often prominent calcifica-
tion.

The right lung lobe of A2 was consolidated, and
both lobes showed a few round to oval, whitish,
firm, nodular areas, measuring 1-10 mm in diame-
ter, which were considered to be granulomas.

These lesions, which were suspected to be tubercu-
losis were more numerous in the cranial lobes.

There were moderate (A2) to large (A1) numbers of
adult Bronchonema magna nematodes present in
the lumen of the trachea at the tracheal bifurcation.

LYMPH NODE

The bronchial and mediastinal lymph nodes of A1
were enlarged and measured 30 x 10 mm, and 50 x
10 mm, respectively. Both lymph nodes showed
multifocal to confluent irregular areas, measuring
1-10 mm in diameter, of pale yellowish caseous
necrosis with prominent calcification. The necrotic
areas were moderately encapsulated.

SPLEEN

The spleen of A1 was moderately enlarged and had
an increased (“meaty”) consistency. The red pulp
was prominent and the white pulp indistinct.

LIVER

The liver of A1 showed moderate hepatomegaly
with focally disseminated necrosis, the latter being
represented by numerous pinpoint, pale white foci
distributed throughout the parenchyma.

KIDNEY

The kidneys of A1 were pale brown and moderately
swollen.

ADRENAL GLAND

Both adrenal glands of A1 displayed marked en-
largement of the cortex as a result of hyperplasia.

Histopathology

The microscopic appearance of the lesions in the
organs mentioned above, as well as significant le-
sions detected in other organs, are described be-
low. The multinucleated giant cells encountered
were always a mixed cell population consisting of
both the Langhans’ and foreign-body types, except
when otherwise stated. No acid-fast bacilli were en-
countered in the organs that did not show significant
lesions.

LUNG

There were numerous multifocal to confluent necro-
granulomas visible throughout the lung parenchyma
of A1. These consisted of a central area of caseous
necrosis that was usually calcified, surrounded by a
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rim of moderate numbers of macrophages and epi-
thelioid cells, and low numbers of multinucleated gi-
ant cells. There was an outer layer of lymphocytes
and plasma cells, within a moderately developed
fibrous capsule. Numerous multifocal smaller, and
often indistinctly outlined granulomas, without ne-
crosis and calcification, consisting of macrophages,
epithelioid cells, lymphocytes and plasma cells were
also visible. These smaller granulomas were often
infilirated by low to moderate numbers of neutro-
phils. The remainder of the lungs showed multifocal
areas of alveolar neutrophil infiltration admixed with
moderate to large numbers of macrophages. Low to
moderate numbers of macrophages were also pres-
ent in alveolar walls.

A few bronchioles in the lung of A1 contained sec-
tions of numerous nematode parasites. Lesions that
were ascribed to this nematode infection consisted
of moderate to marked hyperplasia and hypertrophy
of bronchiolar epithelium and smooth muscle. The
lamina propria of the bronchiolar epithelium was in-
filtrated by moderate numbers of lymphocytes and
plasma cells, and small numbers of eosinophils.
Moderate numbers to numerous globular leuko-
cytes, with moderate to abundant, variably-sized,
round, eosinophilic, cytoplasmic globules, occurred
in the intercellular areas of the bronchiolar epitheli-
um. The bronchiolar- and perivascular-associated
lymphoid tissue was moderately hyperplastic. Some
bronchioles, notably those parasitized by adult nem-
atodes, were filled with a moderate amount of exu-
date consisting of fibrin, neutrophils, eosinophils
and small numbers of macrophages.

Ziehl-Neelsen staining of the lungs of A1 revealed
numerous medium-sized, slender, acid-fast bacilli in
the cytoplasm of macrophages, epithelioid cells and
multinucleated giant cells in necrogranulomas along
the edge of the necrotic centre. Bacilli were also
present in moderate numbers in macrophages and
epithelioid cells of the smaller granulomas. Free-
lying acid-fast bacilli in brionchioles were admixed
with cellular debris, and there were also bacilli in the
cytoplasm of intra-brionchiolar macrophages.

The lungs of A2 were markedly autolysed and putre-
fied, with the presence of numerous bacteria many
of which morphologically resembled Clostridium
spp. There were multifocal areas of what appeared
to be coagulative and caseous necrosis, separated
from the adjacent lung tissue by a prominent reac-
tion zone consisting of haemorrhage, fibrin exuda-
tion and possible neutrophils. Large numbers of
Gram-negative cocco-bacilli were present in the
necrotic areas and reaction zone. The remainder of
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the lungs of this animal showed marked haemor-
rhage, protein-rich alveolar oedema, fibrin exuda-
tion and widespread alveolar macrophage infiltra-
tion. All sections stained negatively for the presence
of acid-fast bacilli with ZN staining. The lung lesions
in A2 probably reflected necrotic bacterial pneumo-
nia with possible early abscessation.

LYMPH NODE

The mediastinal lymph nodes of A1 displayed large
multifocal to confluent necrogranulomas, involving
almost the entire lymph node, with only a small rim
of relatively normal tissue remaining. These necro-
granulomas consisted of a central caseous necrotic
area that was usually moderately calcified, with a
surrounding layer of low to moderate numbers of
macrophages, epithelioid cells and multinucleated
giant cells. A few extremely large giant cells, con-
taining numerous centrally located nuclei, were vis-
ible. The outer layer consisted of a well-developed
fibrous capsule that was infiltrated by moderate
numbers of lymphocytes and plasma cells, and low
to moderate numbers of haemosiderin-containing
macrophages. A few smaller granulomas, consist-
ing of macrophages and epithelioid cells, with pe-
ripheral lymphocyte and plasma cell infiltration,
were also visible. The relatively normal lymph node
tissue showed numerous multifocal nests, consist-
ing of macrophages, epithelioid cells and multinu-
cleated giant cells.

The bronchial lymph nodes of A1 showed less ex-
tensive but otherwise similar lesions to the above.
Additionally, there were mutifocal areas of coagulat-
ive necrosis in the relatively normal lymph node tis-
sue that were infiltrated by moderate to large num-
bers of neutrophils. The medullas were infiltrated by
large numbers of macrophages, many of which
showed erythrophagocytosis.

In the mediastinal and bronchial lymph nodes of A1
large numbers of medium-sized, slender, acid-fast
bacilli were present along the edges of the necrotic
caseous exudate. The bacilli often formed thick
clumps. Acid-fast bacilli were also present in large
numbers in the cytoplasm of macrophages, epithe-
lioid cells and multinucleated giant cells surround-
ing the necrotic centre, as well as in the multifocal
nests formed by these cells.

The respiratory lymph nodes of A2 showed similar
advanced post mortem changes to the lungs. There
was a focal area of suspected coagulative necrosis
in the cortex, with accumulation of fibrin and necrotic
cellular debris. Ziehl-Neelsen staining was negative
for acid-fast bacilli in this animal.
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SPLEEN

The spleen of A1 showed marked multifocal to con-
fluent necrotic to necrogranulomatous splenitis.
This was represented by numerous foci of coagulat-
ive to caseous necrosis of macrophage aggregates
in the red pulp. The necrotic areas were infiltrated
by moderate numbers of neutrophils. Moderate num-
bers of macrophages, and low numbers of multinu-
cleated giant cells, were also present throughout
the red pulp. There was moderate extramedullary
haematopoiesis. Medium-sized, slender, acid-fast
bacilli were numerous in the cytoplasm of most
macrophages.

LIVER

The liver of A1 displayed marked focally dissemi-
nated coagulative necrosis of hepatocytes, with mild
to moderate neutrophil and macrophage infiltration.
The sinusoids and portal tracts were infilirated by
low to moderate numbers of macrophages, and low
numbers of multinucleated giant cells, that often
formed small microgranulomas. Moderate numbers
of macrophages occurred in the portal venules and
lymphatics, as well as in the central veins. There was
a focal area of capsular fibroplasia and mature fibro-
sis. In sections stained with ZN there were numer-
ous medium-sized, slender, acid-fast bacilli in ne-
crotic areas, and low to moderate numbers in the
cytoplasm of macrophages of both the macrophag-
es occurring throughout the liver, as well as those
inside portal venules and lymphatics, and central
veins.

KIDNEY

Numerous multifocal necrogranulomas occurred in
the cortex and cortico-medullary junction in the kid-
ney of A1. These microgranulomas consisted of low
to moderate numbers of macrophages in their cen-
tres, some of the cells being necrotic and surround-
ed by moderate to large numbers of lymphocytes
and plasma cells. In ZN-stained sections large num-
bers of medium-sized, slender, acid-fast bacilli were
found in the cytoplasm of macrophages in the mi-
crogranulomas, but were also noted in scattered
individual macrophages. A few such bacilli were
also present in the cytoplasm of mesangial cells in a
few renal corpuscles.

ADRENAL GLAND

The adrenal gland of A1 showed marked hyperpla-
sia of the zona fasciculata with marked accumula-
tion of clear, single to multiple, variably-sized, round
vacuoles in the cytoplasm of the cells, representing

lipid droplets. Scattered cells in this zone were
necrotic. There was scanty macrophage infiltration
in the sinusoids of all zones of the cortex. ZN stain-
ing revealed moderate numbers of medium-sized,
slender, acid-fast bacilli, often forming clumps, in
the cytoplasm of macrophages and scattered pa-
renchymal cells of all zones of the cortex.

GASTRO-INTESTINAL TRACT

The small intestine, colon and rectum of A1 showed
scanty to low numbers of multifocal nests of macro-
phages in the lamina propria of the mucosa. These
organs, as well as the abomasum, also had small
numbers of widely scattered individual macrophag-
es in the same location. The lamina propria of the
mucosa of the small intestine was also infiltrated by
moderate numbers of lymphocytes and plasma
cells. Scanty nematode larvae were present in gas-
tric glands of the mucosa of the abomasum, without
an inflammatory reaction. Ziehl-Neelsen staining of
the abomasum, small intestine, colon and rectum
revealed low to moderate numbers of medium-
sized, slender, acid-fast bacilli in the cytoplasm of
macrophages located in the mucosa.

Bacteriology

Mycobacterium tuberculosis was isolated from a
mediastinal lymph node of A1. The lung specimens
from A2 were negative for Mycobacterium spp. after
10 weeks’ incubation.

Part two: Pilot study

Three adult (B3, B5 and B6) and three sub-adult
(B1, B2 and B4) rams were sampled.

Macroscopic pathology

All the animals were in good condition, except for
B4 which showed moderate emaciation. B2 and B6
did not show any noteworthy macroscopic lesions.
Significant lesions were found in the following or-
gans of the other animals:

LUNG

The lungs of B4 showed lesions highly suggestive
of tuberculosis. There were four large and fairly dis-
tinctly demarcated, multifocal, granulomatous, nod-
ular lesions. One which was situated in the cranial
edge of the left cranial lobe, was irregularly ovoid
and 20 x 10 mm in size, yellowish, granulomatous
and non-encapsulated. Two granulomas that oc-
curred in the dorso-caudal area of the left and right

425



Pathology of tuberculosis caused by Mycobacterium tuberculosis in semi-free-ranging springbok (Antidorcas marsupialis)

caudal lobe respectively, were similar in appear-
ance. They were round and 20 mm in diameter, and
had an indistinct arborescent central area of yellow-
ish caseous necrosis containing numerous individu-
al necrotic foci measuring 1—2 mm in diameter. The
individual necrotic foci and entire nodules were sur-
rounded by mildly developed fibrous connective tis-
sue. The fourth granuloma occurred in the cranio-
medial aspect of the right caudal lobe and was
round, 30 mm in diameter with a central, pale yel-
low, caseous necrotic area surrounded by a well-
developed fibrous capsule. Apart from these large
nodular granulomas, there were numerous non-en-
capsulated, multifocal to confluent, translucent to
greyish white, round to irregular granulomas meas-
uring 1-5 mm in diameter distributed throughout the
lung parenchyma.

The entire visceral and parietal pleura was covered
in numerous, multifocal to confluent, round to ovoid,
translucent to pale whitish, non-encapsulated
plaques and nodules, measuring 1-10 mm in diam-
eter. These nodules resembled “TB-grapes” and
consisted mostly of fibrous connective tissue show-
ing no or mild multifocal areas of pale yellowish ca-
seous necrosis measuring 1-5 mm in diameter on
cut section.

B5 displayed moderate numbers of adult B. magna
nematodes in the lumen of the trachea and both
bronchi, especially at the tracheal bifurcation.

LIVER

The livers of B1, B3 and B4 showed scanty to low
numbers of multifocal, round, distinctly outlined,
pinpoint to 3 mm diameter, pale white foci randomly
distributed throughout the parenchyma.

LYMPH NODES

The following lymph nodes of B4 showed macro-
scopic lesions highly suggestive of tuberculosis:

e Bronchial: Multifocal to coalescing, non-encap-
sulated, round to ovoid, pale yellowish, caseous
necrotic to granulomatous areas measuring 1-
15 mm in diameter, with mild to moderate calcifi-
cation.

* Mediastinal: Multifocal to coalescing, non-encap-
sulated, ovoid to irregular, granulomatous areas
measuring 2-18 mm in diameter. There was a
small focal, round, 1 mm-diameter area of dull yel-
lowish necrosis.

¢ Sternal: Multifocal, non-encapsulated, round, white
to slightly yellow, necrotic areas of up to 1 mm in
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diameter, and a focal, round, non-encapsulated
area of granulomatous inflammation measuring
4 mm in diameter.

e |liac: Multifocal, encapsulated, round to oval, pale
yellowish, caseous necrotic foci measuring 3—
7 mm in diameter, with moderate calcification.

¢ Right prefemoral: Focal, non-encapsulated, round
area of yellowish caseous necrosis measuring
3 mm in diameter, with moderate calcification.

* Right retropharyngeal: Focal, non-encapsulated,
round area of slightly yellow-tinged necrosis meas-
uring 1 mm in diameter.

Histopathology

The microscopical lesions in the organs mentioned
above, as well as significant lesions detected in oth-
er organs, are described below. The multinucleated
giant cells encountered were always a mixed cell
population consisting of both the Langhans’ and
foreign-body types, except when otherwise stated.
All lesions in all organs were negative for acid-fast
bacilli, except where otherwise stated.

LUNG

The lungs of B4 showed numerous multifocal to
confluent necrogranulomas throughout the paren-
chyma. The necrogranulomas consisted of a central
area of caseous necrosis that was often moderately
calcified, surrounded by large numbers of macro-
phages and epithelioid cells, and low to moderate
numbers of multinucleated giant cells. Enveloping
this layer was an outer layer consisting of low to
moderate numbers of lymphocytes and plasma
cells, within a moderately developed fibrous cap-
sule. Some granulomas did not show central ne-
crosis. In a few necrogranulomas there was infiltra-
tion of moderate numbers of neutrophils into the
necrotic centre with occasional pus formation. The
surrounding bronchioles were plugged with necrotic
cellular debris consisting of neutrophils, macro-
phages and respiratory epithelial cells.

The pleura showed a proliferative response charac-
terized by prominent fibroplasia with moderate
numbers of multifocal to confluent granulomas in
some of which were areas of coagulative to caseous
necrosis in their centres. The granulomas consisted
of large numbers of macrophages and epithelioid
cells, and moderate numbers of lymphocytes and
plasma cells. Scanty to low numbers of neutrophils
infiltrated the granulomas. The mesothelium showed
moderate hypertrophy and hyperplasia.
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Ziehl-Neelsen staining of the lungs and pleura re-
vealed small numbers of medium-sized, slender
acid-fast bacilli in the cytoplasm of macrophages,
epithelioid cells and multinucleated giant cells of the
granulomas. Moderate numbers of acid-fast bacilli
were present along the peripheral edge of the
necrotic exudate in some necrogranulomas.

The lungs of B5 displayed small numbers of sec-
tions of adult nematodes in some bronchioles.
There was mild to moderate epithelial and smooth
muscle hypertrophy and hyperplasia of bronchioles,
with infiltration of small numbers of eosinophils,
lymphocytes and plasma cells in the lamina propria
of the bronchiolar epithelium, and occasionally peri-
vascularly. Small numbers of globular leukocytes,
with moderate to abundant, variably-sized, round,
eosinophilic, cytoplasmic globules, occurred in the
intercellular areas of the bronchiolar epithelium.

LIVER

The multifocal pale white foci in the livers of B1, B3
and B4 seen macroscopically consisted of nodular
portal aggregations of moderate to large numbers
of lymphocytes and plasma cells; scanty eosinophils
and macrophages were found in them only in B4.
The liver of B5 showed a focal lesion similar to those
of B4 but with only scanty eosinophil infiltration but
no macrophages. A small focal granuloma occurred
in the parenchyma of B5, which consisted of central
caseous necrosis surrounded by small numbers of
macrophages, epithelioid cells and eosinophils. All
animals showed infiltration of scanty to low num-
bers of lymphocytes, plasma cells and eosinophils
in the portal tracts, without the formation of distinct
nodules. The liver lesions were possibly a response
to a previous parasitic larval migration.

LYMPH NODES

The lymph nodes of B4 that had macroscopic le-
sions showed the following changes:

e Bronchial: There were multifocal to confluent
necrogranulomas consisting of a central caseous
necrotic area that was moderately calcified, with a
surrounding layer of moderate numbers of macro-
phages, epithelioid cells and scanty multinucleat-
ed giant cells, admixed with moderate numbers of
lymphocytes and plasma cells. There was a poor-
ly to moderately developed outer fibrous capsule.
Numerous small multifocal granulomas, that did
not show central necrosis and calcification, oc-
curred in the remainder of the lymph node. These
granulomas consisted of small numbers of macro-

phages, epithelioid cells and numerous (mostly
Langhans’) giant cells. Ziehl-Neelsen staining re-
vealed small numbers of medium-sized, slender,
acid-fast bacilli in the peripheral edge of the ne-
crotic centre of necrogranulomas, and also in the
cytoplasm of macrophages surrounding the
necrotic centre.

Mediastinal: Multifocal to coalescing granuloma-
tous lymphadenitis, represented by numerous
small granulomas composed of small numbers of
macrophages and epithelioid cells, and numer-
ous, mostly Langhans’, giant cells. One granulo-
ma showed mild central calcification. Very rare
medium-sized, slender, acid-fast bacilli were pres-
ent in the cytoplasm of epithelioid cells and multi-
nucleated giant cells following ZN staining.

Sternal: There was a focal granuloma that dis-
played central caseous necrosis with moderate
calcification. This was surrounded by moderate
numbers of macrophages and epithelioid cells,
and scanty multinucleated giant cells, admixed
with moderate numbers of lymphocytes and plas-
ma cells. There was a poorly-developed fibrous
capsule. Numerous small multifocal granulomas,
similar in appearance to the small granulomas in
the bronchial lymph node, occurred in the remain-
der of the lymph node. Ziehl-Neelsen staining re-
vealed rare medium-sized, slender, acid-fast ba-
cilli in the peripheral edge of the necrotic centre of
the necrogranuloma, and also in the cytoplasm of
macrophages that occurred in the small granulo-
mas.

lliac: There were multifocal necrogranulomas,
similar in appearance to the necrogranulomas in
the bronchial lymph node, but with more numer-
ous multinucleated giant cells and a well-devel-
oped fibrous capsule. A few small granulomas,
consisting of low numbers of macrophages and
epithelioid cells, occurred in the remainder of the
lymph node. The pattern of ZN staining was simi-
lar to that in the bronchial lymph node.

Right prefemoral: There were multifocal necro-
granulomas, similar in appearance to the necro-
granulomas in the bronchial lymph node, but with
large numbers of multinucleated giant cells. The
necrogranulomas were surrounded by a few sat-
ellite granulomas, some showing central caseous
necrosis, composed of moderate numbers of
macrophages, epithelioid cells, multinucleated gi-
ant cells, lymphocytes and plasma cells. Most
showed a moderately developed outer fibrous
capsule. The pattern of ZN staining was similar to
that in the bronchial lymph node.
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¢ Right retropharyngeal: There was a focal granu-
loma that consisted of central caseous necrosis
with early calcification, surrounded by numerous
macrophages and epithelioid cells, admixed with
small numbers of lymphocytes, plasma cells and
neutrophils. The macrophages and epithelioid
cells exhibited occasional round, variably-sized,
single to multiple, clear cytoplasmic vacuoles re-
sembling fat gobules. The granuloma had an out-
er layer of poorly developed fibrous connective
tissue. The remainder of the lymph node showed
numerous scattered macrophages, epithelioid
cells and multinucleated giant cells that were oc-
casionally arranged in granulomas. Ziehl-Neelsen
staining revealed very rare medium-sized, slen-
der, acid-fast bacilli in the peripheral edge of the
necrotic centre of necrogranulomas, and also in
the cytoplasm of macrophages surrounding the
necrotic centre.

The microscopic lesions in lymph nodes of B4 that
did not exhibit macroscopic abnormalities were as
follows:

* Left retropharyngeal: There was one poorly-de-
veloped granuloma in the cortex that consisted of
small numbers of macrophages and epithelioid
cells, and scanty multinucleated giant cells.
Scanty individual Langhans’ giant cells occurred
in the cortex and paracortex.

e Left mandibular, right mandibular and left pres-
capular: There was moderate sinus histiocytosis
with a few nests composed of small to moderate
numbers of macrophages in the cortex.

e Left prefemoral: A focal granuloma occurred in
the cortex and consisted of a central necrotic area
that was completely calcified, surrounded by mod-
erate numbers of macrophages and epithelioid
cells, numerous multinucleated giant cells and
small numbers of lymphocytes, plasma cells, neu-
trophils and eosinophils. There was a poorly-de-
veloped fibrous capsule. Very scanty medium-
sized, slender, acid-fast bacilli were present in the
cytoplasm of macrophages after ZN staining.

* Mesenteric: There were moderate numbers of
small granulomas consisting of moderate num-
bers of Langhans’ giant cells, and smaller num-
bers of macrophages and epithelioid cells. Scanty
individual multinucleated giant cells were also vis-
ible.

e lleocaecal: A few small granulomas consisting al-
most exclusively of multinucleated giant cells oc-
curred in the cortex. One multinucleated giant cell
displayed characteristics of both Langhans’ and
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foreign-body giant cells, i.e. with nuclei arranged
both in a row along the periphery of the cell, and
as a group centrally.

e Inguinal: There was a single small granuloma in
the cortex which consisted of a few macrophages.
Two large individual multinucleated giant cells
(one each of the Langhans and foreign-body type)
occurred in the cortex.

There was a nest of short, acid-fast bacilli in the cy-
toplasm of a macrophage in the medulla of a me-
senteric lymph node of B2, unaccompanied by an
inflammatory reaction. The lymph node also showed
small multifocal areas of calcification in the cortex
and medulla, and marked sinus histiocytosis.

Lesions in the mesenteric lymph nodes of B1 and
B5, and the ileocaecal lymph node of B1 reflected
nematode larval migration. B1 showed two granulo-
mas in the ileocaecal lymph node, one each in the
cortex and capsule, and one cortical granuloma in
the mesenteric lymph node. The cortical ileocacecal
granuloma displayed remnants of a nematode larva
that was surrounded by numerous multinucleated
giant cells, and small numbers of macrophages and
epithelioid cells. The capsular granuloma displayed
a similar reaction, but without nematode larval rem-
nants visible. The granuloma in the mesenteric lymph
node of B1 showed mild central coagulative necro-
sis, surrounded by small numbers of macrophages
and epithelioid cells. B5 showed a focal granuloma
in the cortex of a mesenteric lymph node that re-
sembled the cortical ileocaecal granuloma of B1.

DIAPHRAGM

The parietal pleura covering the diaphragm of B4
displayed lesions similar to those in the lung pleura,
but with the presence of mild central calcification of
necrogranulomas. Ziehl-Neelsen staining was pos-
itive for scanty medium-sized, slender, acid-fast ba-
cilli in the cytoplasm of a few epithelioid cells in
necrogranulomas.

TESTES

The testes of B4 showed infiltration of moderate
numbers of lymphocytes and plasma cells, and
scanty to small numbers of macrophages in the in-
terstitium. There were scanty microgranulomas, con-
sisting of macrophage nests surrounded by small
numbers of lymphocytes and plasma cells.

GASTRO-INTESTINAL TRACT

The colon of B4 displayed four granulomas, one in
the submucosa, two in the muscle layer and one in
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the serosa. The submucosal granuloma showed a
central nematode larva within necrotic tissue that
was infiltrated by scanty eosinophils, and surround-
ed by numerous multinucleated giant cells and
smaller numbers of macrophages, epithelioid cells,
lymphocytes and plasma cells. The other three gran-
ulomas were similar in appearance, but without the
central nematode larva, necrosis and eosinophils,
and only scanty multinucleated giant cells. There
was a focal granuloma in the submucosa of B5 that
consisted of a few central multinucleated giant cells
surrounded by moderate numbers of macrophages,
epithelioid cells, lymphocytes, plasma cells and
eosinophils.

The colon of all six animals showed scanty to small
numbers of coccidia, in various stages of their life-
cycle, in the epithelium of the mucosa of the colon,
without an inflammatory reaction. There was a single
nematode larva visible in a mucosal gastric gland of
the abomasum in B4, without a noticeable inflam-
matory reaction.

Bacteriology

Mycobacterium tuberculosis was isolated from all
organ pools of B4, and the organ lymph node pool
of B6. Mycobacteria other than tuberculosis (MOTT)
were isolated from the lungs, organ lymph nodes
and carcass lymph nodes of B2, and organ lymph
nodes and organs other than the lungs of B3.

Part three: Main study

Fifteen adult ewes (C1, C2, C3, C4, C5, C6, C7, C8,
C10, C11, C12, C13, C14, C19 and C22) and 10
adult rams (C9, C15, C16, C17, C18, C20, C21,
C23, C24 and C25) were sampled.

Macroscopic pathology

All the animals were in good condition and only C1
showed clinical signs consisting of right hind leg
lameness before euthanasia. Ewes C3, C11, C12,
C13 and C22 were in the early stages of pregnancy,
while ewes C2 and C6 were in an advanced stage
of pregnancy. C4, C7 and C8 did not show any
noteworthy macroscopic lesions. Significant lesions
were found in the following organs of the other ani-
mals:

KIDNEY

In the right kidney of C1 was a lesion highly sugges-
tive for tuberculosis. In the cortex there was a focal,
round, fairly distinctly demarcated, 8 mm diameter,

dull-white, nodular, granulomatous lesion that
bulged slightly from the surface. The nodule showed
central caseation and was encapsulated by a fairly
well-developed fibrous capsule. Part of this nodule
was pooled with specimens from the uterus of C1
(see below) and submitted for mycobacterial cul-
ture.

LIVER

There were scanty to small numbers of round, dis-
tinctly outlined, pinpoint to 3 mm diameter, pale
white foci randomly distributed throughout the pa-
renchyma in the livers of C3, C9, C10, C11, C12,
C13, C14, C15, C16, C17, C18, C19, C20, C21,
C22, C23, C24 and C25.

LYMPH NODE

Both prescapular lymph nodes and the right man-
dibular lymph node of C1 were enlarged and showed
significant proliferative changes consisting of multi-
focal to confluent, indistinctly outlined, oval to round
nodules measuring 4 mm (right prescapular lymph
node) and 15 mm (left prescapular and right man-
dibular lymph nodes) in diameter throughout the
node. These nodules were moderately firmer in
consistency than the rest of the lymph node.

The right parotid and right retropharyngeal lymph
nodes of C9 were enlarged and both showed
marked focal, proliferative, indistinctly outlined, oval
nodules measuring 23 x 10 mm (right parotid lymph
node) and 15 x 10 mm (right retropharyngeal lymph
node) in the cortex. These nodules were firmer in
consistency than the rest of the lymph node. The
right parotid lymph node showed poor distinction
between the medulla and cortex.

All of the above lymph node changes probably re-
flected marked reactive follicular hyperplasia, but
early tuberculous granulomatous inflammation could
not be ruled out macroscopically.

SKELETAL MUSCLE

The gastrocnemius muscles of C20 showed bilater-
ally symmetrical, focal, 5 x 20 mm accumulations of
a gritty, granular, pale white material, resembling
calcified tissue, underneath the outer muscle sheath.

UTERUS

The endometrium of C1 showed multifocal pete-
chiae. There were well-developed caruncules that
showed multifocal petechiae and ecchymoses, and
multifocal dull yellow-white areas of necrosis meas-
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uring from pinpoint to 3 mm in diameter. The carun-
cules were covered with a moderate amount of pu-
rulent exudate. There were multifocal petechiae
and ecchymoses measuring 3—5 mm in diameter in
the cervical mucosa. Several specimens of affected
tissue from the uterus and cervix were pooled with a
specimen from the kidney (see above) of C1 and
submitted for mycobacterial culture. The uterus of
C5 was congested and displayed similar haemor-
rhagic lesions to those seen in C1. However, no ar-
eas of necrosis or purulent inflammation were visi-
ble.

LUNG

The following animals had moderate numbers of
adult B. magna nematodes present in the lumen of
the trachea and both bronchi, notably at the trache-
al bifurcation: C2, C5, C10, C24 and C25.

ABDOMINAL CAVITY

Several mature unidentified cestode larvae that
morphologically resembled Taenia hydatigena cys-
ticerci were visible in the abdominal cavity of C3
and C1. They were attached to the liver (C3) and
abomasum (C1), or were lying loose and unattached
(C1). Three cestode larvae of C1 that were attached
to the abomasum, and one that was lying loose,
were firm, round to irregularly-shaped nodules con-
sisting of a calcified and inspissated centre, sur-
rounded by a fairly well-developed fibrous capsule.
The three nodules attached to the abomasum meas-
ured 15 mm in diameter while the loose nodule
measured 30 mm in diameter.

EYELID

In the right ventral eyelid of C9 was a focal purulent
sinus tract that extended from the surface for 20 mm
into the eyelid and was 5 mm wide. There was ex-
tensive purulent inflammation of the eyelid and sur-
rounding subcutaneous tissues. This lesion may
have been a traumatic injury and probably resulted
in the hyperplastic lesions observed in the right
parotid and right retropharyngeal lymph nodes (see
above) of this animal.

Histopathology

The microscopical lesions of the organs mentioned
above, except for the eyelid, as well as significant
lesions detected in other organs are described be-
low. The multinucleated giant cells encountered
were always a mixed cell population consisting of
both the Langhans’ and foreign-body types. All le-
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sions in all organs were negative for acid-fast ba-
cilli with ZN staining.

KIDNEY

The focal lesion in the right kidney of C1 consisted
of a central area of caseous necrosis that contained
necrotic cellular debris, mostly necrotic neutrophils,
and showed early calcification. This was surround-
ed by moderate numbers of macrophages and epi-
thelioid cells, and numerous lymphocytes and plas-
ma cells. There was a fairly well-developed outer
layer consisting of fibrous connective tissue.

LIVER

The macroscopic multifocal pale white foci in the
liver consisted of nodular aggregations of a mixture
of moderate to large numbers of lymphocytes, plas-
ma cells and eosinophils in portal tracts, and occa-
sionally in the parenchyma. C25 had a small focal
granuloma in a portal tract consisting of a central
area of coagulative necrosis surrounded by small
numbers of macrophages and epithelioid cells. In
one animal (C1) there was a small focal empty cyst
in the parenchyma that was surrounded by a thin
layer of degenerative and necrotic hepatocytes,
with haemorrhage and infiltration of moderate num-
bers of neutrophils and eosinophils. The cyst was
probably parasitic in nature and had a thin outer
wall, with an inner adherent single row of spindleloid
cells projecting into the cyst cavity. All animals, ex-
cept C9 and C20, showed infiltration of scanty to
moderate numbers of lymphocytes, plasma cells
and eosinophils in the portal tracts, without the for-
mation of distinct nodules. The lesions present in
the liver were probably in response to previous par-
asitic larval migration.

The liver of C4 displayed multifocal areas, consist-
ing of one to multiple open fusiform slits or clefts
throughout the parenchyma, and also involving por-
tal tracts. The cleft aggregates were surrounded by
low to moderate numbers of macrophages, epithe-
lioid cells and fibroblasts, with occasional multinu-
cleated giant cells and small numbers of lympho-
cytes, plasma cells and eosinophils. The cause of
the clefts could not be established but they are un-
likely to have been related to tuberculosis.

LYMPH NODE

The prescapular lymph nodes and right mandibular
lymph node of C1, and the right parotid and right
retropharyngeal lymph nodes of C9 displayed typi-
cal reactive hyperplastic changes, without evidence
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of possible tuberculosis. These changes were
marked and consisted of numerous cortical second-
ary reactive follicles with prominent germinal cen-
tres, necrosis of individual lymphocytes in follicles
with increased tingible-body macrophage activity, a
prominent hyperplastic paracortical zone and sinus
histiocytosis.

The following lymph nodes showed focal to multifo-
cal microscopic granulomatous lymphadenitis: me-
senteric (C1, C2, C9, C10, C11, C12, C13, C14,
C16,C17,C18, C20, C21, C22, C23, C24 and C25),
ileocaecal (C1, C8, C12, C16, C19, C24 and C25),
bronchial (C1 and C7) and inguinal (C20). The le-
sions were characterized by variable numbers (usu-
ally single) of centrally-located nematode larvae, or
their necrotic remnants, in the following animals:
mesenteric lymph nodes of C1, C2, C9, C11, C12,
C17 and C25; ileocaecal lymph nodes of C1, C8,
C12, C19 and C24; bronchial lymph nodes of C1
and C7; and the inguinal lymph nodes of C20. The
nematode larvae were occasionally surrounded by
low to moderate numbers of eosinophils that often
displayed degenerative and necrotic changes.
Granulomas without central nematode larvae occa-
sionally showed central caseous necrosis. All ani-
mals showed infiltration of variable numbers of a
mixture of macrophages, epithelioid cells, multinu-
cleated giant cells, lymphocytes, plasma cells and
eosinophils around the central parasite or necrotic
area.

The bronchial and mediastinal lymph nodes of C22
showed accumulations of moderate to large num-
bers of macrophages, containing cytoplasmic for-
eign particulate matter, in the cortex and medulla.
The macrophages were often arranged in nests.

TONSILS

One of the tonsils of C2 displayed a focal granulo-
ma that consisted of a central area of caseous
necrosis surrounded by moderate numbers of mac-
rophages. Moderate numbers of small plant fibres
were present in the crypts and it is likely that the
granuloma was a foreign-body reaction.

SKELETAL MUSCLE

C20 displayed multifocal, well-defined and variably-
sized lakes of calcification in muscle and the sur-
rounding connective tissue that were rimmed and
separated form each other by moderetaly-devel-
oped fibrous connective tissue. The connective tis-
sue was infiltrated by moderate to large numbers of
lymphocytes and plasma cells, and small to moder-

ate numbers of macrophages. The lesion resem-
bled calcinosis circumscripta.

UTERUS

The lesions in the uterus of C1 were marked and
consisted of multifocal haemorrhages and coagulat-
ive necrosis of the endometrium. The necro-haem-
orrhagic exudate contained large numbers of bacte-
rial rods morphologically resembling Clostridium
spp- The remainder of the endometrium showed in-
filtration of large numbers of neutrophils, and there
was moderate early granulation tissue formation
consisting of angiogenesis, macrophage infiltration
and fibroplasia. A few endometrial blood vessels
contained fibrin thrombi. The lesions probably rep-
resented post-partum involution with bacterial en-
dometritis.

The uterus of C5 showed marked vascular conges-
tion. The endometrium was infiltrated by numerous
macrophages that contained abundant cytoplasmic
haemosiderin pigment. There were a few multinu-
cleated giant cells and early granulation tissue for-
mation similar to C1. Small numbers of lymphocytes
and plasma cells were also present. The lesions
probably reflected post-partum involution.

LUNG

The following animals showed moderate, multifocal,
parasitic, eosinophilic and granulomatous broncho-
pneumonia with moderate numbers of adult nema-
todes visible in brionchioles, as well as moderate
numbers of larvae present in alveoli: C1, C2, C6
and C8. The lesions consisted of moderate to
marked hyperplasia and hypertrophy of bronchiolar
epithelium and smooth muscle. There was occa-
sional mild bronchiolar epithelial squamous meta-
plasia in bronchioles plugged with adult parasites. A
few bronchioles were ruptured, resulting in free-ly-
ing adult nematodes in the parenchyma that were
surrounded by moderate to large numbers of mac-
rophages and multinucleated giant cells, and mod-
erate numbers of lymphocytes, plasma cells and
eosinophils. There was widespread infiltration of
small to moderate numbers of lymphocytes, plasma
cells and eosinophils in the lamina propria of the
bronchiolar epithelium, and often perivascularly.
Moderate numbers to numerous globular leuko-
cytes, with moderate to abundant, variably-sized,
round, eosinophilic, cytoplasmic globules occurred
in the intercellular areas of the bronchiolar epitheli-
um. The reaction to the larvae in the alveoli con-
sisted of infiltration of moderate to large numbers of
eosinophils, macrophages, multinucleated giant
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cells, lymphocytes and plasma cells, with mild to
moderate epithelialization of pneumocytes and mild
fibrosis. Similar lesions were present in C5, C7, C9,
C16 and C17, with C22 and C25 showing very mild
changes, but no nematode larvae could be found in
the alveoli of any of these seven animals.

The following animals showed mild lesions sugges-
tive for nematode infestation, but no parasites were
visible: C3, C4, C10, C11, C12, C13, C14, C15,
C18, C19, C20, C21, C23 and C24. The lesions in
these animals were generally confined to the bron-
chioles, and consisted of mild to moderate epithelial
and smooth muscle hypertrophy and hyperplasia,
with infiltration of small numbers of eosinophils,
lymphocytes and plasma cells in the lamina propria
of the bronchiolar epithelium, and occasionally peri-
vascularly. Low to moderate numbers of globular
leukocytes, with moderate to abundant, variably-
sized, round, eosinophilic, cytoplasmic globules of-
ten occurred in the intercellular areas of the bron-
chiolar epithelium.

ABDOMINAL CAVITY

The parasitic nodules found in the abdominal cavity
of C1 had a central cavity that was filled with ca-
seous necrotic material that was markedly calcified.
The calcified necrotic centre was surrounded by a
thin layer of macrophages, multinucleated giant
cells, lymphocytes and plasma cells. There was a
well-developed fibrous connective tissue capsule.

GASTRO-INTESTINAL TRACT

Apart from the nematodes causing lesions in the
liver, lymph nodes and lungs, several gastro-intesti-
nal tract organs were also infested with parasites.
The following animals had scanty to small numbers
of nematode larvae present within gastric glands in
the abomasum, usually with a negligible to mild lym-
phocyte, plasma cell and eosinophil inflammatory
reaction: C1, C2, C5, C6, C7, C10 and C25. The
ileum of C13 and the jejunum of C25 each had a
focal parasitic granuloma in the submucosa and
muscle layer, respectively. Both granulomas con-
sisted of a central nematode larva surrounded by
small to moderate numbers of macrophages, epi-
thelioid cells, multinucleated giant cells (only C13),
lymphocytes and plasma cells. A single nematode
parasite was found in the lumen of the jejunum of
C24. The following animals showed scanty to small
numbers of coccidia, in various stages of their life-
cycle, in the epithelium of the mucosa of the colon,
with a minimal inflammatory reaction: C4, C7, C9,
C15, C16, C17, C18, C20, C21 and C24.
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Bacteriology

Mycobacterial culture was performed on the organ
pools mentioned above, as well as on an additional
pool for C1 that consisted of specimens from the
kidney and uterus. All pools of all animals were neg-
ative for Mycobacterium spp. after 10 weeks’ incu-
bation.

Summary of results

Table 1 is a summary of the macroscopical, micro-
scopical and mycobacterial culture results of all 33
springbok. Mycobacterium tuberculosis was con-
firmed via culture in only three springbok (A1, B4
and B6), indicating a prevalence of 9 %. Two (A1
and B4) of the three culture-positive animals dis-
played tuberculosis lesions, while B6 did not show
any significant macroscopic or microscopic pathol-

ogy.

Mycobacteria other than tuberculosis (MOTT) were
isolated from two animals (B2 and B3). B2 was pos-
itive for one nest of acid-fast bacilli in one macro-
phage of a mesenteric lymph node, but no lesions
were present.

Table 2 indicates the presence of macroscopic and
microscopic lesions, presence of acid-fast bacilli,
and organs that did not show lesions for all organs
sampled in both animals with tuberculosis lesions.

B4 had prominent macroscopic tuberculosis lesions
in the lungs, pleura and bronchial, mediastinal, ster-
nal and iliac lymph nodes. The right prefemoral and
right retropharyngeal lymph nodes showed small
macroscopic lesions. Microscopic tuberculosis le-
sions with acid-fast bacilli were present in all the
above organs, as well as in the left prefemoral lymph
node. The following organs of B4 did show micro-
scopic but not macroscopic lesions that were typical
or highly suggestive for tuberculosis, although no
acid-fast bacilli were encountered in them: testis,
colon and the left retropharyngeal, mesenteric, ile-
ocaecal, inguinal, left mandubular, right mandibular
and left prescapular lymph nodes.

In the other affected springbok (A1) marked macro-
scopic tuberculosis lesions in the lungs, pleura, liver
and bronchial- and mediastinal lymph nodes were
present. Because this animal was presented for a
routine diagnostic necropsy, only a limited set of or-
gans were sampled for microscopy. The only lymph
nodes sampled for microscopy in this animal were
the bronchial and mediastinal lymph nodes. Micro-
scopic tuberculosis lesions with acid-fast bacilli were
present in all the organs of A1 that showed macro-
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TABLE 1 Summary of results

Springbok Macroscopy

(granulomatous lesions)

Microscopy (granuloma-
tous lesions positive for
acid-fast bacilli)

Mycobacterial culture

A1l +2
A2 sb
B1 -
B2 -
B3 -
B4 +
B5 -
B6 -
C1 S
c2 -
C3 -
C4 -
C5 -
(6]3] -
C7 -
c8 -
C9 S
C10 -
C11 -
C12 -
C13 -
C14 -
C15 -
C16 -
C17 -
C18 -
C19 -
C20 -
Cc21 -
Cc22 -
C23 -
C24 -
C25 -

- MOTT¢
- MOTT

Positive

Suspect

Negative

Mycobacteria other than tuberculosis

a o o o

scopic lesions, as well as the following organs: kid-
ney, adrenal gland, abomasum, small intestine, co-
lon and rectum. The heart and oesophagus were
also examined, but no macroscopic or microscopic
tuberculosis lesions were noted.

Macroscopic lesions encountered ranged from en-
capsulated (lungs of both animals, pulmonary lymph
nodes of A1 and an iliac lymph node of B4) to non-
encapsulated (pleura of both and mediastinal lymph

node of B4). Macroscopic granulomas with or with-
out obvious caseous necrosis were prominent in the
lungs of both, while the iliac lymph node of B4
showed only necrotic foci. The lesions in the pleura
of both animals were nodular, plaque-like and prolif-
erative to almost sarcomatous. The liver of A1
showed marked focally disseminate necrosis, which
proved to be small necrogranulomas microscopi-
cally. The degree of calcification varied from absent
(liver of A1) to moderate (lungs and bronchial lymph
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TABLE 2 Comparison of organs showing macroscopic and microscopic tuberculosis lesions, acid-fast bacilli and no lesions in the two
M. tuberculosis culture-positive springbok (A1 and B4)

Macroscopic Microscopic lesions | Acid-fast bacilli No lesions
Organ lesions
A1 B4 A1 B4 A1 B4 A1 B4

Lung +2 + + + + -b -
Pleura + + ND¢ + - -
Bronchial In. + + + + - -
Mediastinal In. + + + + - -
Sternal In. NSd + NS + NS + NS -
lliac In. NS + NS + NS + NS -
R-prefemoral In. NS + NS + NS + NS -
L-prefemoral In. NS - NS + NS + NS -
R-retropharyngeal In. NS + NS + NS + NS -
L-retropharyngeal In. NS - NS + NS - NS -
R-mandibular In. NS - NS + NS - NS -
L-mandibular In. NS - NS + NS - NS -
L-prescapular In. NS - NS + NS - NS -
Mesenteric In. NS - NS + NS - NS -
lleocaecal In. NS - NS + NS - NS -
Inguinal In. NS - NS + NS - NS -
Spleen - - - - - +
Liver + - - - - +
Kidney - - - - - +
Adrenal gland - - + - + - - +
Testicle NS - NS + NS - NS -
Abomasum - - + - + - -
Small intestine - - + - + - -
Colon - - + + + - - -
Rectum - NS + NS + NS - NS
Oesophagus - - - - - - +
Heart - - - - - - +
Brain NS - NS - NS - NS +
Eyes NS - NS - NS - NS +
Thymus NS - NS - NS - NS +
Tongue NS - NS - NS - NS +
Tonsils NS - NS - NS - NS +
R-parotid In. NS - NS - NS - NS +
L-parotid In. NS - NS - NS - NS +
Hepatic In. NS - NS - NS - NS +
Splenic In. NS - NS - NS - NS +
R-prescapular NS - NS - NS - NS +
R-popliteal NS - NS - NS - NS +
L-popliteal NS - NS - NS - NS +

a8  Present

b Absent

¢ No microscopy done

4 Not sampled

nodes of both). The size of lesions varied from sin-  The microscopic lesions varied in terms of severity,
gle pinpoint lesions (right retropharyngeal of B4), to  relative numbers of inflammatory cells, degree and
miliary (lungs of both), to multifocal (sternal lymph  type of necrosis, and abundance of acid-fast bacilli.
node of B4 and lungs of both). Lesions were marked in organs such as the lungs,
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pleura and bronchial lymph nodes of both, and liver,
spleen and kidney of A1. Mild lesions consisting of
individual macrophages or only a few nests of mac-
rophages were present in the adrenal gland, aboma-
sum, small intestine, colon and rectum of A1, and
the testes, left and right mandibular lymph nodes,
and left prescapular lymph node of B4. Marked gran-
ulomatous inflammation, with large numbers macro-
phages, epithelioid cells and multinucleated giant
cells, was present in the lungs and bronchial lymph
nodes of both animals, the mediastinal lymph node
of A1, and the sternal, iliac, right prefemoral, left pre-
femoral and right retropharyngeal lymph nodes of
B4. The pleura of B4 displayed prominent fibropla-
sia. Giant cells were of both the Langhans’ and for-
eign-body type, but Langhans’ giant cells predomi-
nanted in the bronchial and mediastinal lymph nodes
of B4. Some granulomas showed central caseous
necrosis (lungs and bronchial lymph nodes of both),
while necrosis was absent in others, often in the
same organ (lungs and bronchial lymph nodes of
both, left retropharyngeal and mesenteric lymph
nodes of B4). The liver, spleen and kidney of A1
showed prominent multifocal coagulative necrosis
of granulomas that were composed of moderate
numbers of macrophages, and small numbers epi-
thelioid cells and multinucleated giant cells. The
mesenteric and ileocaecal lymph nodes of B4 did
not show macroscopic lesions, but prominent micro-
scopic granulomas consisting of large numbers of
multinucleated giant cells were present. The giant
cells were mostly of the Langhans’ type in the case
of the mesenteric lymph node. One multinucleated
giant cell in the ileocaecal lymph node showed char-
acteristics of both foreign-body and Langhans’ giant
cells. Multinucleated giant cells in lesions comprised
both types, with Langhans’ giant cells usually out-
numbering the foreign-body type.

Necrogranulomas in the lungs of B4, and bronchial
lymph node, spleen and liver of A1 were infiltrated
by moderate numbers of neutrophils, but macro-
scopically visible pus formation was not a feature of
the lesions. Small numbers of neutrophils infiltrated
the lesions in the lung of A1, and the pleura, left
prefemoral and right retropharyngeal lymph nodes
of B4.

All the organs of A1 sampled for microscopy, except
the oesophagus and heart, showed lesions and the
presence of acid-fast bacilli. For B4, the presence of
acid-fast bacilli was generally related to the severity
of the lesions. They were visible in almost all organs
showing macroscopic pathology, while not visible in
the organs that only showed microscopic pathology

(except for the left prefemoral lymph node). Acid-
fast bacilli were encountered in B4 in the lungs,
pleura and bronchial, mediastinal, sternal, iliac, right
prefemoral, left prefemoral and right retropharyn-
geal lymph nodes. Acid-fast bacilli were numerous
(lung, spleen, liver, kidney and the bronchial and
mediastinal lymph nodes of A1), moderate in num-
ber (adrenal gland of A1 and lung of B4), to small in
number (abomasum, small intestine, colon and rec-
tum of A1, and pleura and the following lymph nodes
of B4: bronchial, sternal, iliac and right prefemoral).
Very rare acid-fast bacilli were visible in the medias-
tinal, left prefemoral and right retropharyngeal lymph
nodes of B4.

The tuberculosis and suspected tuberculosis le-
sions seen in A1 and B4 are summarized in Table 3.
The granulomatous lesions seen in the testes, co-
lon and following lymph nodes: left retropharyngeal,
left and right mandibular, left prescapular, me-
senteric, ileocaecal and inguinal of B4 are included
in the table as tuberculosis lesions, even though no
acid-fast bacilli were detected. The multifocal gran-
ulomas in the colon of B4 were probably caused by
migrating nematode larvae, but sections of a nema-
tode larva were encountered in only one of the four
granulomas.

DISCUSSION

This study represents the first confirmed cases of
M. tuberculosis in springbok. Previous reports of tu-
berculosis in springbok did not conclusively estab-
lish the Mycobacterium species involved, and no
detailed description of the pathology was given
(Robinson 1953; Hofmeyr 1956).

Mycobacterium tuberculosis was cultured from
three springbok (A1, B4 and B6), indicating a preva-
lence of 9% (3/33), but only two (A1 and B4) showed
tuberculosis lesions. This emphasizes the impor-
tance of mycobacterial culture in diagnostic surveys
for tuberculosis. There is no documented informa-
tion on the prevalence of M. tuberculosis in infected
semi-free-ranging and free-ranging wildlife. This is
not surprising, as HTB is exceptionally rare in wild-
life populations not kept in captivity, although it may
be an important emerging disease in certain free-
ranging wildlife species in some regions of the world
(Alexander et al. 2002). In captive wildlife, M. tuber-
culosis was found to be the third most frequently
isolated mycobacterium (11 %) among a total of 263
mycobacterial isolates obtained from zoos and wild-
life parks in the United States of America in the mid-
1970s (Thoen et al. 1977). Between 1991 and 2001
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a total of 12 cases of M. tuberculosis infection in
eight different species were recorded at the National
Zoological Gardens of South Africa in Pretoria (Mi-
chel et al. 2003).

The generalized nature of the lesions in both af-
fected springbok makes it difficult to establish the
route of infection, although the oral route appears
most likely. The lung lesions in both animals in-
volved the interstitium and alveolar walls rather than
the bronchioles which strongly suggests the oral
route of infection. However, the pulmonary lymph
nodes in both animals showed marked macroscop-
ic lesions, while the mesenteric and ileocaecal
lymph nodes only showed moderate lesions, sug-
gesting infection via inhalation. The behavioral pat-
tern of springbok would have facilitated exposure to
human excretions in the environment, supporting
the oral route of infection. Investigations into the
possible source of infection revealed that two of the
groundskeepers were under treatment for con-
firmed M. tuberculosis infection (H. Kettner, person-
al communication 2000). The springbok were semi-
free-ranging and never handled, so it is highly
unlikely that aerosol transmission occurred from the
infected humans to the springbok. The lung lesions
in the springbok were not markedly encapsulated
and the possibility of aerosol shedding from open
lung lesions, and subsequent intraspecific trans-
mission after the initial infection should also be con-
sidered.

Cattle infected with M. tuberculosis usually do not
develop progressive disease and typically only show
small granulomas in the pharyngeal, thoracic and
mesenteric lymph nodes (Dungworth 1993; O’Reilly
& Daborn 1995; Cousins, Huchzermeyer, Giriffin,
Brickner, Van Rensburg & Kriek 2004). Captive
and free-ranging wildlife, however, often develop ex-
tensive lesions and progressive pulmonary disease
after infection with M. tuberculosis (Lomme, Thoen,
Himes, Vinson & King 1976; Montali et al. 2001;
Alexander et al. 2002). Generalized or miliary tuber-
culosis occurs when there is haematogenous dis-
semination of both free and macrophage-associat-
ed mycobacteria from the primary site of infection
throughout the body. This is most frequently the re-
sult of breakdown of a blood vessel by an expand-
ing caseating granuloma or cavitating lesion (Dung-
worth 1993; Lépez 2001). Susceptible hosts also
tend to develop rapidly progressing generalized le-
sions more readily than resistant animals (De Lisle,
Bengis, Schmitt & O’Brien 2002), indicating that
springbok should be regarded as highly suscepti-
ble. Lesions were found in numerous organs (Table
3), and it is likely that A1 would have shown lesions

in many more organs if sampling had been done
more extensively.

The lesions observed in the two affected springbok
were dissimilar in appearance in the various organs.
The lesions varied in appearance in terms of extent
and macro- and microscopic appearance, as indi-
cated in Table 3. The variability in lesion appear-
ance is probably a reflection of the progression of
the infection as determined by the host’s cell-medi-
ated immune response, and ranged from early small
granulomatous lesions to chronic encapsulated
necrogranulomas and proliferative nodules (Dung-
worth 1993; Neill, Pollock, Bryson & Hanna 1994;
Cousins et al. 2004). This variability in the appear-
ance of tuberculosis lesions has also been noted for
African buffalo infected with M. bovis in the Kruger
National Park of South Africa (Kriek, De Vos,
Bengis, Huchzermeyer, Keet & Raath 1992; Kriek
1994). This pronounced variation should be consid-
ered when assessing the macroscopic lesions for
diagnostic purposes in single animals.

The macroscopic and microscopic appearance of
the tuberculosis lesions in the springbok mostly con-
formed to the classical tuberculous granulomatous
inflammatory lesions as described for humans, non-
human primates and various domestic animals and
wildlife. More specifically the lesions resembled le-
sions found in herbivores and omnivores (Francis
1958; Thoen & Himes 1981; Dungworth 1993). There
were indistinct to discrete granulomas with or with-
out central caseous necrosis, surrounded by varia-
ble, but usually numerous, macrophages, epitheli-
oid cells, multinucleated giant cells, lymphocytes
and plasma cells. Fibrous encapsulation was ab-
sent to moderate. Calcification was generally mild
to moderate and microscopic neutrophil infiltration
was only occasionally observed. The pleural nodular
lesions were more proliferative, with prominent fi-
broplasia. Multinucleated giant cells consisted of
both Langhans’ and foreign-body types, with Lang-
hans’ giant cells occasionally predominating. This is
in accordance with Thomson (1984) who states that
the distinction between Langhans’ and foreign-body
giant cells is not valid, as both types are found in the
same lesions and there is no relationship between
the type and aetiological agent. Acid-fast bacilli were
scanty to numerous, with large clumps visible in the
necrotic exudate of the pulmonary lymph nodes of
one animal. Some organs showed typical or highly
suggestive tuberculous granulomatous lesions but
acid-fast bacilli could not be detected. This marked
variation in numbers of acid-fast bacilli, and even
absence, in typical lesions is commonly found in
cattle (Cousins et al. 2004).
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Some animals, notably certain wildlife species, show
obvious differences regarding the appearance and
distribution of lesions when compared to those ob-
served in cattle infected with M. bovis (De Lisle et al.
2002). The lesions in the springbok differed from
those in cattle mainly in the degree of calcification.
The springbok showed minimal to moderate calcifi-
cation while cattle often show marked calcification
of caseous necrogranulomas (Dungworth 1993).
Renal lesions in cattle are limited to the cortex (Dung-
worth 1993). The renal lesions in A1 occurred in the
cortex but were confined to the cortico-medullary
junction. Acid-fast bacilli were numerous in the renal
granulomas but there were also rare acid-fast bacilli
in the mesangial cells of renal corpuscles. Absces-
sation and fistulation of the parotid lymph nodes are
common findings in greater kudu infected with M.
bovis (Bengis & Keet 1998; Keet, Kriek, Bengis &
Michel 2001), but absent in most other species,
including springbok. In contrast to herbivores and
omnivores, certain carnivore species such as lions
show lesions that are more proliferative in nature
without caseation, calcification or multinucleated
giant cells, but acid-fast bacilli are often numerous
(Keet et al. 1996; Keet, Kriek, Penrith & Michel
1998; De Lisle et al. 2002). The proliferative nodular
lesions in the pleura of the springbok resembled the
pleural lesions of cattle (Dungworth 1993), and
showed, in contrast to those in lions, caseation, cal-
cification and acid-fast bacilli. Scanty multinucle-
ated giant cells were found in the pleural lesions of
the springbok.

There are few detailed reports on the pathology of
M. tuberculosis in wildlife. Most reports only superfi-
cially mention or describe the pathology, and con-
centrate mainly on the epidemiology, mycobacteri-
ology or zoonotic aspects of the disease (Thoen et
al. 1977; Michalak et al. 1998; Oh, Granich, Scott,
Sun, Joseph, Stringfield, Thisdell, Staley, Workman-
Malcolm, Borenstein, Lehnkering, Ryan, Soukup,
Nitta & Flood 2002; Michel et al. 2003).

There is only one report that gives some indication
of the pathology of probable M. tuberculosis infec-
tion in springbok. In this report, two springbok from
the Pretoria Zoological Gardens showed extensive
tuberculosis lesions of the lungs, with numerous
acid-fast bacilli in smears from the lung lesions. One
of the springbok displayed pus in the lesions that
was of a soft creamy consistency (Robinson 1953).
The two springbok with tuberculosis lesions in the
present study also showed extensive lung lesions
with moderate to large numbers of acid-fast bacilli,
but no macroscopically visible pus.
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Two East African Oryxes (Oryx gazella beisa) from
the same pen at the Jackson Zoological Park in
Missouri, USA, had tuberculosis as a result of M.
tuberculosis infection. One animal died from tuber-
culosis while the other was euthanased as a result
of a positive IDT test. Both showed generalized dis-
ease with extensive necrogranulomatous lesions in
the lungs, liver, mediastinal and mesenteric lymph
nodes. One animal also had necrogranulomas in the
uterus. Acid-fast bacilli were visible in the affected
organs (Lomme et al. 1976). The lesions were gen-
erally similar in the springbok, but neither A1 or B4
had macroscopically visible lesions in the mesen-
teric lymph nodes. Springbok A1 was a ewe but the
uterus was not sampled for microscopic analysis,
and therefore the presence of lesions could not be
confirmed, although there were no macroscopic le-
sions.

Mycobacterium tuberculosis infection in captive Asi-
an elephants (Elephas maximus) results in necro-
granulomas primarily in the lungs and thoracic
lymph nodes. In animals suffering from extensive
involvement of both lungs, severe calcified necro-
granulomas and cavitating lesions with pulmonary
abscesses develop that often cause the death of
the animal. Typical microscopic findings include
granulomas with giant cells in the lymph nodes and
lungs initially, that progress to extensive necro- and
pyogranulomatous pneumonia in advanced cases.
Acid-fast bacilli are sparsely distributed but more
easily found in central areas of caseation in the
lungs, rather than in the lymph nodes where they
are usually rare (Montali et al. 2001). Springbok A1
was markedly weakened and recumbent when it
was euthanased for necropsy. This animal would
have probably died naturally from tuberculosis, indi-
cating that tuberculosis can be fatal, similar to the
East African Oryx and Asian elephant. Springbok
B4, however, had tuberculosis as an incidental find-
ing. Although the springbok showed marked lesions
in the lungs, there was never cavitation or absces-
sation, and only moderate calcification. The num-
bers of acid-fast bacilli in the springbok were low to
numerous, with large numbers visible in the necrotic
exudate of the lungs, and bronchial and mediastinal
lymph nodes of A1.

Humans and non-human primates infected with M.
tuberculosis typically show pulmonary disease with
involvement of pulmonary lymph nodes, and occa-
sionally systemic dissemination. Macroscopic gran-
ulomas are characterized by caseation and cavita-
tion. Microscopically the lesions display classical
tuberculous granulomatous inflammation with calci-
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fication, fibrous encapsulation and variable num-
bers of acid-fast bacilli (Thoen & Himes 1981; Ku-
mar, Cotran & Robbins 1997; Montali et al. 2001).
The springbok in the current study had similar le-
sions but cavitation was not a macroscopic feature.

The main differential diagnosis for the tuberculosis
lesions in the springbok was granulomatous inflam-
mation caused by migrating nematode larvae. Adult
B. magna lungworms in the airways of the lungs did
not cause granulomatous inflammation, except
where bronchioles had ruptured. Granulomas oc-
curred in the lungs, various lymph nodes, but most-
ly the mesenteric lymph node, tonsil, liver, kidney
and gastro-intestinal tract. Inspissated and calcified
parasitic larval nodules occurred in the abdominal
cavity attached to the liver and abomasum of two
animals. The lesions were differentiated from tuber-
culous granulomas by the presence of larvae in
cross-section of most granulomas, the absence of
acid-fast bacilli, and infiltration of eosinophils. Many
animals had multifocal nodular aggregations of
lymphocytes and plasma cells with variable num-
bers of eosinophils in the liver, particulary the portal
tracts. These aggregations probably represent lym-
phoid follicles in response to parasitic migration and
were all negative for acid-fast bacilli.

The focal granuloma in the kidney of C1 resembled
a typical tuberculous granuloma both macroscopi-
cally and microscopically, but no acid-fast bacilli
were visible. The uterus of C1 and C5 showed
necro-haemorrhagic bacterial endometritis and
granulomatous endometritis, respectively. These le-
sions probably reflect post-partum involution, with
bacterial infection in the case of C1. The lesions did
not show acid-fast bacilli, and mycobacterial culture
of pooled kidney and uterus specimens from C1
was negative. The gastrocnemius muscle of C20
displayed bilaterally symmetrical areas of calcifica-
tion macroscopically, which was determined to be
calcinosis circumscripta microscopically. The liver
of C20 showed multifocal granulomatous inflamma-
tion that surrounded groups of open fusiform clefts.
The cause of the clefts could not be established but
they probably contained an immunogenic substance
which elicited a foreign-body reaction. Acid-fast ba-
cilli could not be found in the lesions, and the animal
was culture-negative for mycobacteria.

Mycobacterial culture is regarded as the gold stand-
ard for diagnosing tuberculosis (De Lisle et al.
2002). Mycobacterium tuberculosis was cultured
from three springbok (A1, B4 and B6) in this study,
but only two had displayed lesions of tuberculosis.

The historical literature is often ambiguous as to the
identity of mycobacteria isolated from animals with
tuberculosis. The paper by Robinson (1953) on tu-
berculosis of springbok indicates that pure cultures
of M. tuberculosis were obtained from one animal.
However, subsequent cultures from guinea pigs
that were inoculated with affected lung material
were considered to be of the bovine type. An in-
contact springbok that died shortly afterwards yield-
ed a pure culture M. tuberculosis, but inoculation of
guinea pigs was never attempted. The identity of
the causative Mycobacterium species in both these
cases should be regarded as equivocal, although
M. bovis may have been involved. The case of tu-
berculosis mentioned by Hofmeyr (1956) gives no
additional information regarding the causative My-
cobacterium species. Springbok B6 did not show
any macroscopical or microscopical tuberculosis le-
sions, and the isolation was made from the organ
lymph node pool. This pool comprised the bronchi-
al, mediastinal, hepatic, splenic, ileocaecal and me-
senteric lymph nodes. This animal could therefore
have been infected via either the oral or inhalation
route, with bacterial spread to lymph nodes draining
either the lungs or gastro-intestinal tract. Springbok
B6 may have been sampled during the early infec-
tion phase before there was enough time for detect-
able lesions to develop. Another possible reason for
the absence of lesions is localized containment of
the infection as a result of an effective immune re-
sponse.

The isolation of MOTT from B2 and B3 indicates
that these animals were exposed and infected by
environmental mycobacteria, without the develop-
ment of tuberculosis lesions. Springbok B2 showed
a single cluster of acid-fast bacilli in the cytoplasm
of a macrophage in a mesenteric lymph node, with-
out an inflammatory reaction. These acid-fast bacilli
were short, straight and thick-set rods, in contrast to
the M. tuberculosis bacilli in the infected springbok
which were all medium to fairly long, slender and
often curved. Although the microscopic morphology
of acid-fast bacilli cannot be used to identify the
causative organism, the morphological difference
between the MOTT and M. tuberculosis was strik-
ing. The morphology of M. bovis appears similar to
M. tuberculosis (Cousins et al. 2004). This differ-
ence may therefore be a useful microscopical indi-
cator of the Mycobacterium species involved, al-
though mycobacterial culture will always be needed
to confirm the identity.

Although the source of infection could not be estab-
lished conclusively, it is likely to be one or both of
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the M. tuberculosis positive groundskeepers. Un-
fortunately, both groundskeepers terminated their
employment several months before the index case,
and it was not possible to obtain M. tuberculosis iso-
lates from them for genomic typing to confirm trans-
mission. Although the initial infection of the spring-
bok at iThemba LABS is likely to be from humans
(zooanthroponosis), subsequent intraspecific trans-
mission cannot be ruled out. Tuberculosis was not
recorded in any of the other wildlife species on the
property during the study period, and only time will
tell if they are also infected. The wildlife at iThemba
LABS are kept in a semi-free-ranging state on the
grounds, which is securely fenced, and it is unlikely
that they will act as a source of infection for humans.
The site is also closed to the general public. iThem-
ba LABS is situated in the Cape Town metropole,
which has one of the highest reported incidence
rates of tuberculosis in humans in the world (Anon.
2001; Anon. 2004). With this high incidence rate in
humans, the zooanthroponotic risk of tuberculosis
is far greater than the zoonotic potential of tubercu-
losis in this area.

ACKNOWLEDGEMENTS

We express our gratitude to Drs Gideon Brlickner
and James Kitching of the Directorate Veterinary
Services, Western Cape Department of Agriculture
for funding of the mycobacterial cultures, and allow-
ing us the use of their necropsy facilities; to Messrs
Paul Slingers and Chrisjan Jantjes for assisting with
the necropsies; to Dr Horst Kettner of the iThemba
LABS Staff Environmental Club for organizing and
assisting with the culling of the springbok; to Dr
Anita Michel and her staff at the Tuberculosis Labor-
atory of the ARC Onderstepoort Veterinary Institute
for conducting the mycobacterial examinations; to
Messrs Errol van Kerwel and André Meyer, and Ms
Gwen du Plessis at PathCare for the processing,
sectioning and staining of all the histopathological
sections, and to Prof. Joop Boomker of the Depart-
ment of Veterinary Tropical Diseases, Faculty of
Veterinary Science, University of Pretoria for identi-
fication of the nematodes.

REFERENCES

ALEXANDER, K.A., PLEYDELL, E., WILLIAMS, M.C., LANE,
E.P., NYANGE, J.F.C. & MICHEL, A.L. 2002. Mycobacterium
tuberculosis: an emerging disease of free-ranging wildlife.
Emerging Infectious Diseases, 8:598-601.

ANON. 1983. Laboratory manual. Tuberculosis Laboratory, Sec-
tion of Bacteriology. Onderstepoort Veterinary Institute, Pre-
toria, South Africa.

440

ANON. 2001. South African National Tuberculosis Association.
Latest tuberculosis statistics. http://www.santa.org.za/main5.
html.

ANON. 2004. Cape Town TB Control. A Partnership between the
Provincial Administration of the Western Cape Metropole
Region and the City of Cape Town. Progress Report 1997—
20083. http://www.hst.org.za.

BENGIS, R.G. & KEET, D.F. 1998. Bovine tuberculosis in free-
ranging kudu (Tragelaphus strepsiceros) in the Greater
Kruger National Park complex. Proceedings of the ARC-
Onderstepoort OIE International Congress with WHO-
Cosponshorship on Anthrax, Brucellosis, CBPP, Clostridial
and Mycobacterial diseases, 9—-15 August 1998. Pretoria:
Sigma Press: 418—-421.

BENGIS, R.G., KRIEK, N.P.J., KEET, D.F., RAATH, J.P., DE
VOS, V. & HUCHZERMEYER, H.F.A.K. 1996. An outbreak
of bovine tuberculosis in a free-living African buffalo (Syn-
cerus caffer — Sparrman) population in the Kruger National
Park: a preliminary report. Onderstepoort Journal of Veter-
inary Research, 63:15-18.

COSIVI, O., GRANGE, J.M., DABORN, C.J., RAVIGLIONE,
M.C., FUJIKURA, T., COUSINS, D., ROBINSON, R.A,,
HUCHZERMEYER, H.F.A.K., DE KANTOR, I. & MESLIN,
F.-X. 1998. Zoonotic tuberculosis due to Mycobacterium bo-
vis in developing countries. Emerging Infectious Diseases,
4:1-14.

COUSINS, D.V., HUCHZERMEYER, H.F.K.A., GRIFFIN, J.F.T.,
BRUCKNER, G.K., VAN RENSBURG, |.B.J. & KRIEK,
N.P.J. 2004. Tuberculosis, in Infectious diseases of livestock
with special reference to Southern Africa, 2" ed., edited by
J.A.W. Coetzer & R.C. Tustin. Cape Town: Oxford University
Press.

DE LISLE, G.W., BENGIS, R.G., SCHMITT, S.M. & O'BRIEN,
D.J. 2002. Tuberculosis in free-ranging wildlife: detection,
diagnosis and management. OIE Scientific and Technical
Review, 21:317-334.

DE LISLE, G.W., MACKINTOSH, C.G. & BENGIS, R.G. 2001.
Mycobacterium bovis in free-living and captive wildlife, in-
cluding farmed deer in: Mycobacterial infections in domestic
and wild animals, edited by E.J.B. Manning & M.T. Collins.
OIE Scientific and Technical Review, 20:86—111.

DUNGWORTH, D.L. 1993. The respiratory system, in Pathology
of domestic animals, 4™ ed., Vol. 2, edited by K.V.F. Jubb,
P.C. Kennedy & N. Palmer. San Diego: Academic Press.

FORSHAW, D. & PHELPS, G.R. 1991. Tuberculosis in a captive
colony of pinnipeds. Journal of Wildlife Diseases, 27:288—
295.

FOURIE, P.B. 1983. Tuberculosis in captive wild mammals: the
situation in South Africa. South African Journal of Science,
79:345-346.

FRANCIS, J. 1958. Tuberculosis in animals and man. A study of
comparative pathology. London: Cassell and Company.

FREDRICKSON, L.E., BARTON, C.E., RAGAN, J.R. & ROB-
ERTS, J.W. 1971. An epizootic of tuberculosis in a municipal
z00: a public health problem. Journal of the American
Veterinary Medical Association, 159:1474-1476.

HOFMEYR, C.F.B. 1956. Two hundred and eighty-four autop-
sies at the National Zoological Gardens, Pretoria. Journal of
the South African Veterinary Medical Association, 27:263—
282.

KEET, D.F., KRIEK, N.P.J., BENGIS, R.G. & MICHEL, A.L.
2001. Tuberculosis in kudus (Tragelaphus strepsiceros) in
the Kruger National Park. Onderstepoort Journal of Veter-
inary Research, 68:225-230.



T.A. GOUS & M.C. WILLIAMS

KEET, D.F., KRIEK, N.P.J., PENRITH, M.-L. & MICHEL, A.
1998. Tuberculosis in free-ranging lions in the Kruger
National Park. Proceedings of the ARC-Onderstepoort OIE
International Congress with WHO-Cosponshorship on An-
thrax, Brucellosis, CBPP, Clostridial and Mycobacterial dis-
eases. 9—15 August 1998. Pretoria: Sigma Press: 444—453.

KEET, D.F., KRIEK, N.P.J., PENRITH, M.-L., MICHEL, A. &
HUCHZERMEYER, H. 1996. Tuberculosis in buffaloes
(Syncerus caffer) in the Kruger National Park: spread of the
disease to other species. Onderstepoort Journal of Veterinary
Research, 63:239-244.

KRIEK, N.P.J. 1994. Macroscopic assessment of tuberculous le-
sions in African buffalo (Syncerus caffer). Proceedings of the
Tuberculosis in Animals Symposium, 17-18 March 1994.
Onderstepoort Veterinary Institue, Pretoria, South Africa.

KRIEK, N.P.J., DE VOS, V., BENGIS, R., HUCHZERMEYER,
R., KEET, D. & RAATH, J. 1992. Pathology of bovine tuber-
culosis in buffalo in the Kruger National Park. Poster presen-
tation atthe Third International Wildlife Ranching Symposium,
27-30 October 1992. CSIR, Pretoria, South Africa.

KUMAR, V., COTRAN, R.S., ROBBINS, S. L. 1997. Lungs and
the upper respiratory tract, in Basic Pathology, 6" ed., edited
by V. Kumar, R.S. Cotran & S. L. Robbins. Philadelphia:
W.B. Saunders Company.

LOMME, J.R., THOEN, C.O., HIMES, E.M., VINSON, J.W. &
KING, R.E. 1976. Mycobacterium tuberculosis infection in
two east African Oryxes. Journal of the American Veterinary
Medical Association, 169:912-914.

LOPEZ, A. 2001. Respiratory system, thoracic cavity, and pleu-
ra, in Thomson’s special veterinary pathology, 3' ed., edited
by M.D. McGavin, W.W. Carlton & J.F. Zachary. St. Louis:
Mosby, Inc.

MICHALAK, K., AUSTIN, C., DIESEL, S., BACON, J.M., ZIM-
MERMAN, P. & MASLOW, J.N. 1998. Mycobacterium tuber-
culosis infection as a zoonotic disease: transmission be-
tween humans and elephants. Emerging Infectious Diseases,
4:283-287.

MICHEL, A.L. & HUCHZERMEYER, H.F.A.K. 1998. The zoonot-
ic importance of Mycobacterium tuberculosis: transmission
from human to monkey. Journal of the South African Veter-
inary Association, 69:64—65.

MICHEL, A.L., VENTER, L., ESPIE, LW. & COETZEE, M.L.
2003. Mycobacterium tuberculosis infections in eight species
at the National Zoological Gardens of South Africa, 1991—
2001. Journal of Zoo and Wildlife Medicine, 34:364—-370.

MONTALI, R.J., MIKOTA, S.K. & CHENG, L.I. 2001. Mycobac-
terium tuberculosis in zoo and wildlife species, in Mycobac-
terial infections in domestic and wild animals, edited by
E.J.B. Manning & M.T. Collins. OIE Scientific and Technical
Review, 20:291-303.

NEILL, S.D., POLLOCK, J.M., BRYSON, D.B. & HANNA, J.
1994. Pathogenesis of Mycobacterium bovis infection in cat-
tle. Veterinary Microbiology, 40:41-52.

OH, P., GRANICH, R., SCOTT, J., SUN, B., JOSEPH, M,,
STRINGFIELD, C., THISDELL, S., STALEY, J., WORKMAN-
MALCOLM, D., BERENSTEIN, L., LEHNKERING, E., RYAN,
P., SOUKUP, J., NITTA, A. & FLOOD, J. 2002. Human expo-
sure following Mycobacterium tuberculosis infection of multi-
ple animal species in a metropolitan zoo. Emerging Infectious
Diseases, 8:1290-1293.

O’REILLY, L.M. & DABORN, C.J. 1995. The epidemiology of
Mycobacterium bovis infections in animals and man: a re-
view. Tubercle and Lung Disease, 76 Supplement 1:1-46.

ROBINSON, E.M. 1953. A few cases of tuberculosis. Journal of
the South African Veterinary Medical Association, 24:97-99.

STETTER,M.D.,MIKOTA, S.K.,,GUTTER, A.F., MONTEROSSO,
E.R., DALOVISIO, J.R., DEGRAW, C. & FARLEY, T. 1995.
Epizootic of Mycobacterium bovis in a zoological park. Jour-
nal of the American Veterinary Medical Association, 207:
1618-1621.

THOEN, C.O. 1988. Tuberculosis. Journal of the American Vet-
erinary Medical Association, 193:1045—-1048.

THOEN, C.O. & HIMES, E.M. 1981. Tuberculosis, in Infectious
diseases of wild animals, edited by J.W. Davis, L.H. Karsted
& D.O. Trainer. Ames: lowa State University Press.

THOEN, C.O., RICHARDS, W.D. & JARNAGIN, J.L. 1977. Myco-
bacteria isolated from exotic animals. Journal of the American
Veterinary Medical Association, 170:987-990.

THOMSON, R.G. 1984. General veterinary pathology. Philadel-
phia: W.B. Saunders Company.

441




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [850.394 1133.858]
>> setpagedevice


