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Summary

Bovine tuberculosis (BTB) and brucellosis are prevalent in buffaloes of the Kruger National
Park (KNP, South Africa). Both diseases were considered to have no or a very low prevalence
in wildlife and livestock in and around the Limpopo National Park (LNP, Mozambique). The
same applies for tuberculosis in Gonarezhou National Park (GNP, Zimbabwe), but just
recently BTB was detected in buffaloes in the GNP and fears arose that the disease might also
spread to the LNP as a result of the partial removal of the fences between the three parks to
form the Great Limpopo Transfrontier Park. In order to assess the status of both diseases in
and around LNP, 62 buffaloes were tested for bovine tuberculosis (BTB) and bovine
brucellosis. The percentage of positive BTB reactors in buffalo was 8.06 % using BovidTB
Stat-Pak® and 0 % with BOVIGAM® IFN-y test and IDEXX ELISA. The brucellosis sero-
prevalence in buffalo was found to be 17.72 % and 27.42 % using Rose Bengal Test (RBT)
and ELISA, respectively. In addition, 2,445 cattle in and around the LNP were examined for

BTB using the single intradermal cervical comparative tuberculin test (SICCT) and an
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apparent prevalence of 0.98 % was found with no significant difference inside (0.5 %) and
outside (1.3%) the park. This is the first published report on the presence of positive reactors
to BTB in buffalo and cattle in and outside the LNP. Furthermore we report a marked increase
concerning the prevalence of bovine brucellosis in cattle and buffalo. Monitoring the wildlife-
livestock-human interface of zoonotic high impact diseases such as BTB and brucellosis is of
outmost importance for the successful implementation and management of any transfrontier

park that aims to improve the livelihoods of the local communities.
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Introduction

Bovine tuberculosis (BTB) is considered an exotic disease in sub-Saharan Africa. It is thought
to have been introduced to Southern Africa by European cattle herds (Hutcheon, 1880) and it
appears unlikely that BTB existed in Southern Africa before the end of the nineteenth century
(Henning, 1956;de Garin-Wichatitsky et al. 2013). BTB spilled over from cattle to wildlife,
with the African buffalo (Syncerus caffer) now being the major maintenance host in Southern
Africa (Paine and Martinaglia, 1929; Bengis et al, 1996; Michel et al, 2006). The spill-over
from cattle to buffalo occurred in the Kruger National Park (KNP) most likely already in the
1960s (Michel et al, 2009) when the southern border of the KNP was not fenced, allowing
buffalo and cattle to mingle and to use the same pastures and water sources. The disease was
detected for the first time in 1990 in an African buffalo (Bengis et al, 1996) and intense
monitoring revealed that the disease was spreading northwards and reached the borders to
Zimbabwe and Mozambique in 2006. Until the recent detection of BTB in two buffaloes in
the southern part of the Gonarhezou National Park (GNP), Zimbabwe has been considered
free of the disease (De Garine-Wichatitsky et al, 2010). In some of the southern buffalo herds
of the KNP the infection prevalence is as high as 90% (De Vos et al, 2001; Rodwell et al,
2001).

Even though there are no reports of BTB in Mozambican wildlife species, annual reports of
the veterinary services are stating varying prevalences of BTB in cattle of up to 30%, mainly
in the provinces of Manica, Sofala, Niassa and Inhambane. A study in Govuro district of
Inhambane province even revealed a soaring prevalence of 60% in cattle from small holding

keepers, using single intradermal cervical comparative tuberculin test (SICCT) only
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(Macucule, 2009). However no reports of BTB positive animals have been found in relation
to the LNP and surrounding areas.

To our knowledge, only one study regarding the presence of BTB in buffalo and cattle
(Pereira et al., 2007) was performed in this area prior to our investigation. The first reliable
record of bovine brucellosis in cattle in South Africa dates back to 1906 (Henning, 1956). In
the same year the presence of brucellosis in cattle was confirmed in Zimbabwe (Madsen and
Anderson, 1995). Serological surveys have revealed that up to 23% of African buffaloes in
KNP are positive for brucellosis (Herr and Marshall, 1981). In Mozambique the first isolation
of Brucella abortus was reported by Abreu (1967) investigating cases of abortions in cattle
throughout the country. Manhiga (2010) found 2 to 33% of cattle and small ruminants to be
positive for specific antibodies using Rose Bengal, complement fixation, serum agglutination
and ELISA tests. However, the prevalence of bovine brucellosis in the buffaloes of the LNP
was estimated to be very low (Pereira et al, 2007). African buffaloes are considered a wildlife
maintenance host for B. abortus (Godfroid et al, 2010).

The Great Limpopo Transfrontier Park (GLTP, 35,000km?2) was founded in December 2002
straddling the borders of South Africa, Mozambique and Zimbabwe, combining the KNP, the
LNP and with a corridor the GNP, respectively. Almost 5,000 animals have been translocated
from KNP to LNP and 50 km fence have been dropped, encouraging wildlife to cross borders.
However, not only animals will cross borders, but also the pathogens they are carrying.
Therefore, diseases that have been previously present only in one or two of the three countries
of concern might spread over the entire territory of the recently established transfrontier park
and might challenge the success of the peace park.

The main focus of this study was to assess the infection status of buffaloes in the LNP and
cattle within and outside the LNP with regard to BTB and brucellosis and the spatial
distribution in order to evaluate the impact of the removal of the fences between the KNP and
the LNP for the establishment of the GLTP.

Materials and methods

Study design and sampling of buffaloes

From three buffalo herds that show seasonalmovements migrate between KNP and LNP with
an estimated total population size of 250 (Swanepoel, pers. comm.) 62 buffalo have been
sampled to perform a tuberculosis field side antibody test based on lateral flow technology
(BovidTB Stat-Pak® Chembio Diagnostic Systems, Inc, Massachusetts USA), a blood-based
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tuberculosis-specific interferon gamma (IFN-y) assay (BOVIGAM®, Prionics, Zurich,
Switzerland) and a IDEXX ELISA for specific antibodies directed against M. bovis. For
brucellosis the Rose Bengal Test (RBT, serum agglutination test, Ondersterpoort Biologicals,
South Africa) and an ELISA for specific antibodies against B. abortus (Ingezin Brucella
Multispecies Compac 2.0, SA, Spain) were performed.

The buffaloes were captured by darting from a helicopter using 6 mg of etorphine
hydrochloride (M99®, Novartis South Africa Pty Ltd, 9.8 mg/ml) combined with 30 mg of
xylazine hydrochloride (Xylazil-100, Troy Laboratories Pty Ltd, 10% concentration) per
animal in two different capture operations in 2011. Immobilization drugs were loaded into 1.5
ml Dan-inject® darts fitted with plain Dan-inject® needles (N2030, 2.0 x 30 mm) and
delivered using Dan-inject® remote delivery system (dart gun). Jugular vein blood was
collected in tubes with clot activator to separate serum and into vacutainer tubes with lithium
heparin for recovery of plasma to be used for the IFN-y test. Buffaloes were revived from
anesthesia after blood collection using 12 mg of diprenorphine hydrochloride (M5050®, 12
mg/ml, Novartis South Africa Pty Ltd) combined with 5 mg of atipamezole hydrochloride
(Orion Pharma, Orion Corporation Espoo, Finland, 5mg/ml) per animal. Serum and plasma

(after stimulation) were transported in liquid nitrogen and stored at -20°C until further use.

Study design and sampling of cattle

From a total population of 34,507 cattle in the district of Massingir (Figure 1), 2,445 from 28
villages were tested by single intradermal cervical comparative tuberculin test (SICCT)
representing a sample proportion of 7.09%. The cattle belonged to 894 registered cattle
keepers from the Massingir district and 1,337 of the sampled animals lived inside the LNP,
whereas 1,108 belonged to villages located in the vicinity, but outside of the park (Table 2).
The number of animals per owner tested varied from 1 to 21 depending on the herd size. The
sample size in each village was calculated based on the cattle population size, with an
expected prevalence of 10%. Calculation was done using the program EPICALC, 2000. The
animals were driven into crushes and systematically sampled by using fixed intervals
determined by the proportion population size over sample size. All tested animals were
marked with numbered metallic ear tags. While reading the tested animals after 72h, jugular
vein blood was collected from a sub-set of 133 animals from 18 villages, including twelve
SICCT positive, seven inconclusive and 114 negative reactors in order to compare the SICCT

results as reference test with additional serological tests BTB BovidTB Stat-Pak® and
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Figure 1. Map of Massingir district showing the BTB prevalences of the villages inside, outside and in the
buffer zone of the LNP.
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IDEXX ELISA. The serum of the sub-set of 133 animals was also used to test for brucellosis
using the RBT.
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Diagnostic systems used to test for BTB

Single intradermal cervical comparative tuberculin test (SICCT)

The SICCT was applied according to the method recommended by the OIE. Tuberculin was
purchased from Symbiotics (Lyon, France) with 2,000 IU for the bovine PPD and 2,500 units
for the avian PPD. The date of tuberculin injection, breed, class (calf, steer, heifer, cow, bull,
ox) and the owners name were recorded for each animal. The injected animals were then left
to mix and graze freely with the rest of the herd. After 72 hours the skin test results were
evaluated and recorded. Results were considered positive if the reaction in the skin fold at the
site of injection of bovine tuberculin (B72-B0) was 4 mm or larger than the reaction at the
injection site of avian PPD (A72-A0). The reaction was considered inconclusive, when the
skin fold measurement was between 2 to 4 mm and negative if less than 2 mm.

The calculation of BTB prevalence was done using the statistical program SPSS version 14.
The comparison of prevalences according to classes and locations was performed using the x -

square test.

Interferon gamma assay

For the BOVIGAM® test blood samples were stimulated not later than 10 hours after
collection with avian and bovine PPD in order to induce lymphocytes to produce IFN-y and
PBS as a negative control. For cell viability control an aliquot of the blood sample was
stimulated with pokeweed mitogen. The incubation was performed overnight at 37°C. After
incubation the plasma was harvested and released IFN-y was measured using a sandwich
ELISA. Optical density in the reaction wells proportional to the amount of bound IFN-y was
quantified using a BIOTEK ELISA reader. Results were obtained by measuring the difference
in stimulation (optical densities) between bovine tuberculin PPD and avian PPD following the
manufacturer’s instructions and positive results were determined as OD450 of PPD-B minus

0OD450 of PPD-A > 0.1.

BovidTB Stat-Pak®
To perform the test the serum was brought to room temperature. The test was performed

following the instructions of the manufacturer and the test was assessed positive if the blue
bands of both, control and test, were readily visible.
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M. bovis antibody test (ELISA)
The M. bovis antibody test (IDEXX ELISA) was performed following the instructions of the
manufacturer IDEXX Laboratories, Inc. Westbrook, Maine, USA. Briefly, 100 ul of diluted

controls (positive and negative) and serum samples were added into plates coated with M.
bovis recombinant antigens in duplicated wells. After incubation for 1 h at room temperature
(18-26 °C) the plates were washed 5 times with the washing solution provided in the kit.
Subsequently, 100 ul of the conjugate (antibody anti-bovine:horseradish peroxidase
conjugate) were added to each well and incubated for 30 min at room temperature. After
washing as previously described, 100 pl of the substrate (Tetramethylbenzidine - TMB) were
added to each well and the plates kept for 15 min at room temperature. The reaction was
stopped after 15 minutes by the addition of 100 ul stop solution to each well and the plates

read at 450 nm. The presence or absence of antibody to M. bovis is determined by calculating

Sample A(450)-NCX
PCX-NCX _—

the sample to positive (S/P) ratio for each sample (S/P = ). Samples with S/P

ratios greater than or equal to 0.30 are considered positive for M. bovis antibodies.

Diagnostic systems used to test for bovine brucellosis

Rose Bengal Test

The test was performed following the instructions of the manufacturer. Briefly, Brucella
abortus antigen (VLA, UK) was used to screen sera for the presence of antibodies to Brucella
spp. Blood was collected from the jugular vein and after clotting the serum was separated. 25
ul of the serum was mixed with the same amount of stained Rose Bengal antigen under pH

3.65 conditions. Distinct agglutination was considered a positive test.

Enzyme immunoassay (ELISA)

The blocking enzyme immunoassay (Ingezim Brucella Compac 2.0) was performed following
the instructions of the manufacturer (Inmunologia y Genetica Aplicada, SA- Spain). Briefly,
100 pl of controls and serum samples were added into plates coated with purified LPS of B.
abortus in duplicate wells. After incubation for 1 hour at room temperature the plates were
washed 4 times with the washing solution provided in the kit. Subsequently, 100 ul of the
conjugate (monoclonal antibody against LPS antigen conjugated with peroxidase) were added
to each well and incubated for 1h at room temperature. After washing as previously described,
100 pl of TMB were added to each well and the plates kept for 10 min at room temperature.

The reaction was stopped by the addition of 100 ul stop solution to each well and the plates
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read at 450 nm. Percentage inhibition (PI) calculated for each sample (Pl = 100 x [1- (OD
sample/OD negative control)] greater than 40 % was considered positive for Brucella
antibodies.

Results

Bovine tuberculosis in buffalo

The results of the tests performed in buffalo samples are presented in Table 1. Five out of 62
buffaloes tested positive in the BovidTB Stat-Pak® test, whereas all animals tested negative
with the BOVIGAM gamma interferon and IDEXX ELISA antibody tests.

Table 1. Buffalo results of bovine tuberculosis and brucellosis in LNP

BTB Brucella
Park section Herd size Stat-Pak IFN-y RBT ELISA
Macandazulu 103 1/25 0/25 0/25 3/25
Chiondziuene 68 1/25 0/25 6/25 9/25
Pafuri Not known 2/8 # 4/8 4/8
Not known? Not known 1/4 # 1/4 1/4

Positive/total number tested ~ 5/62 (8.06%)  0/50 (0%)  11/62 (17.72%)  17/62 (27.42%)

4Animals found roaming outside the park, # test not performed.

Bovine tuberculosis in cattle

The apparent prevalence of BTB in the Massingir district was estimated as 0.98 % at a 95 %
confidence interval (0.64-1.48) with 24 positive and 23 inconclusive skin test results (Table
2). Higher apparent prevalences were found in the villages of Chimangue with 3.7 % (3/81),
Macandazulo with 3.3 % (3/91) and Mavodze with 2.7 % (3/111). In 15 villages no skin test
positive cattle were identified (Figure 1). The comparison of the proportion of positive cattle
in the different villages showed no statistical significant differences between them (p > 0.05)
and the same result was obtained when the proportion of positive cattle resident inside the

LNP was compared with the proportion of positive cattle living outside the park (Table 3).
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Table 2. Bovine tuberculosis and brucellosis test positive results in cattle in Massingir district

BTB Brucella
SICCT Rose Bengal
Positive 24/2445 (0.98%) 13/133 (9.77%)
Inconclusive 23/2445 (0.94%)

Table 3. Results of single intradermal cervical comparative tuberculin test (SICCT) in cattle according to
the location (within or outside LNP)

Results
Localization Total
Negative Positive Inconclusive
) 1088
Outside LNP 6 (0.5%) 14 (1.3%) 1108 (100%)
(98.2%)
) 1310
Inside LNP 18 (1.3%) 9 (0,7%) 1337 (100%)
(98.0%)

Table 4. Proportion of single intradermal cervical comparative tuberculin test (SICCT) results in cattle
according to age and sex

Result
Class Total (%)
Negative (%) Positive (%) Inconclusive (%)
Calf (male) 17 (100) 0 (0) 0 (0) 17 (100)
Calf (female) 34 (100) 0 (0) 0 (0) 34 (100)
Steer 314 (98.7) 0 (0) 4(1.3) 318 (100)
Heifer 310 (99.4) 0 (0) 2 (0.6) 312 (100)
Bull 343 (97.2) 4(1.1) 6(1.7) 353 (100)
Cow 1148 (98.0) 14 (1.2) 10 (0.9) 1172 (100)
ox 219 (96.9) 6(2.7) 1(0.4) 226 (100)

From the animals tested the majority were cows and no positive cases were found in young

animals (Table 4).
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From a sub-set of 133 cattle, 14 (10.52 %), 5 (3.76 %) and 12 (9.02 %) tested positive using
BovidTB Stat-Pak®, IDEXX ELISA and SICCT (reference test), respectively (Table 5).
However, a comparison of the results in individual animals showed discrepancies. Out of the
30 positive results in all tests, 11 (52 %) were positive with the SICCT only, 13 (40 %) with
the BovidTB Stat-Pak® only, and 5 by IDEXX ELISA only, whereas only one animal (1.4 %)
was positive in both, the SICCT and BovidTB Stat-Pak® tests and none was positive in all
three tests (Table 5).

Bovine brucellosis in buffalo

Using the RBT 11 out of 62 (17.72 %) animals yielded a positive result and 17 out of 62
(27.42 %) reacted positive in the ELISA. All positive animals in the RBT were concurrently
positive in the ELISA test (Table 1).

Bovine brucellosis in cattle

Thirteen out of 133 (9.77 %) serum samples from cattle tested positive for bovine brucellosis
using the RBT (Table 2). This group was tested for bovine tuberculosis as well by SICCT,
BovidTB Stat-Pak® and IDEXX ELISA indicating a co-infection only in four animals.

Discussion

During the last two decades very high BTB prevalences of up to 92% in buffalo herds in the
southern KNP were reported (De Vos et al 2001, Michel et al 2009), and it was estimated that
there was an increase of 1.6 % per year from 1991/1992 to 1998 (Rodwell et al, 2001).
Introduced to the south of KNP, BTB continued to move northwards, spilled over to various
other wildlife species, and was recently found in buffaloes of GNP in Zimbabwe. Following
this trend of ongoing dissemination and transmission of the disease it was expected to see an
increase of BTB in the vicinity of the LNP over time as 50 km of buffalo proof fences
between RSA and Mozambique were dropped eleven years ago allowing buffaloes and other
wildlife to move across borders..

From the 52 buffaloes tested in 2006 using BOVIGAM® only one animal gave a positive
result, but was negative in histology and culture results were not available at the time of
publication (Pereira et al, 2007). In our study five out of 62 (8.06 %) tested positive for BTB
using Stat-Pak, but both of the parallel used tests, BOVIGAM® and IDEXX ELISA, produced
negative test results and point towards false-positive results of the Stat-Pak test due to cross-
reactions. On the other hand, due to the low sensitivity (80-85 %) of the BOVIGAM® test in

buffalo (Michel et al, 2011), which might lead to false negative results and the moderate to
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high specificity of the Stat-Pak test (90 %) in buffalo (Michel and Simoes, 2009), which
reduces the likelihood of false positive test results, the infection of the buffaloes in the LNP
cannot be ruled out.

In cattle we found low BTB prevalences within (1.3 %) and outside (0.5 %) the LNP, whereas
a study done before in the same area found no cattle or buffaloes, which tested positive for
BTB by single tuberculin skin test and culture, respectively. (Pereira et al, 2007). For 133
cattle it was possible to compare skin test, BovidTB Stat-Pak® and IDEXX ELISA results,
but even though the first two tests revealed similar numbers of positive results, they were not
derived from the same animals (Table 5). Therefore, we speculate that the BovidTB Stat-
Pak® might have more value concerning the assessment of the infection status of herds rather
than for identifying individual animals infected. The low BTB prevalence in cattle might
either indicate an endemic infection status or a recent infection. Acquisition of cattle for
restocking from areas, where BTB is highly prevalent is another possibility for the
introduction of the disease into the area. However, a recent questionnaire survey revealed no
evidence of frequent cattle trade with districts of higher prevalences (data not published). On
the other hand there is evidence of exchange of animals between farmers in the district as
during the survey animals tested in one village were found in other village as a result of
exchange or trade. There was no significant difference in the prevalence of BTB between
cattle resident inside or outside the LNP (Figure 1, Table 2). The geographic distribution of
the villages with higher BTB prevalences (Figure 1) did not show any tendency that would
require a more detailed analysis. We found the highest proportion of positive reactors in oxen
(Table 4). Similar results were reported from Tanzania (Kazwala et al, 2001) and from
Ethiopia (Dinka and Duressa, 2011). The oxen are trained as draft animals, used in agriculture
and transport; thus they have longer life span resulting in increased probability of exposure
and to develop the disease. The lack of identification of positive reactors in young animals is
consistent with the studies in Tanzania and Ethiopia (Kazwala et al, 2001, Cleaveland et al,
2007); Dinka and Duressa, 2011), where it was evident that the duration of the exposure
increased with the age of the animals.

Pereira et al. (2007) studied the occurrence of bovine brucellosis in buffalo in LNP and found
one positive case out of 49 buffaloes tested. Several wildlife species have been tested positive
for brucellosis in the Kruger National Park with a prevalence of up to 23 % in buffaloes (Herr
and Marshall, 1981). In Zimbabwe, a prevalence of even 48 % was found in African buffaloes
(Madsen and Anderson 1995). The results of this study of 17.72 % and 27.42 % test positives
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using the RBT and a competitive ELISA, respectively, are perfectly in line with these
findings. Only an epidemiological study showing the same molecular well characterised
brucella strains in all these countries would suggest also the transmission of the disease across
borders.

Even though bovine brucellosis in cattle was found frequently in several Mozambican
districts in the past, no surveys have been conducted in the Massingir district before our study,
and therefore the previous status of disease is unknown. We found 9.77 % positive reactors in
cattle using the RBT (Table 2). Even though the percentage found in buffalo is much higher
than the percentage in cattle, it is impossible to predict the direction of spread based on the
data currently available.

The rate of brucella infections in humans is virtually unknown and public awareness is

extremely low.

Conclusions

This is the first published report on the possible presence of BTB and bovine brucellosis in
buffalo and cattle in and outside the LNP. The infection status of the local communities living
in and around the LNP is not yet known.

Zoonotic high impact diseases such as BTB and brucellosis may have a detrimental impact on
public health, trade and the socio-economy of these countries. Monitoring the wildlife-
livestock-human interface is of outmost importance to authorities and decision makers as
there are people residing inside the park and there are no fences to control movements of
possibly infected wildlife or livestock.
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