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Abstract

Background: The aim of this study was to estimate the prevalence of gross pathology suggestive of bovine
tuberculosis (TB-like lesions) and evaluate animal’s characteristics associated with the risk of having bovine TB-like
lesions among cattle slaughtered in Mubende district in the Uganda cattle corridor.

Method: We conducted a cross sectional study in which 1,576 slaughtered cattle in Mubende district municipal
abattoir underwent post-mortem inspection between August 2013 and January 2014. The presence of bovine TB-
like lesions in addition to the animal’s sex, age, breed, and sub-county of origin prior to slaughter were recorded.
Associations between the presence of bovine TB-like lesions and animal’s age, sex, breed, and sub-county of origin
prior to slaughter were initially analysed using a univariable approach with the chi-square test, and subsequently
with a multivariable logistic regression model to assess the combined impact of these animal characteristics with
the risk of having a bovine TB-like lesion. Additionally, and as a secondary objective, tissue samples were collected
from all carcases that had a bovine TB-like lesion and were processed using standard Mycobacterium culture and
identification methods. The culture and acid fast positive samples were tested using Capilia TB-neo® assay to
identify Mycobacterium tuberculosis complex (MTC).

Results: Of 1,576 carcasses inspected, 9.7% (153/1,576) had bovine TB-like lesions from which Mycobacterium spp
and Mycobacterium Tuberculosis Complex (MTC) were isolated in 13 (8.4%) and 12 (7.8%) respectively. Bovine TB-
like lesions were more likely to be found in females (OR = 1.49, OR 95% CI: 1.06–2.13) and in older cattle (OR = 2.5,
95% CI: 1.64–3.7). When compared to Ankole cattle, Cross breed (OR = 6.5, OR 95% CI: 3.37–12.7) and Zebu cattle
(OR = 2.57, 95% CI: 1.78–3.72) had higher odds of having bovine TB-like lesions. Animals from Kasanda (OR = 2.5,
95% CI: 1.52–4.17) were more likely to have bovine TB-like lesions than cattle from Kasambya.

Conclusions: The findings of study reveals that approximately one in ten slaughtered cattle presents with gross
pathology suggestive of bovine TB in Mubende district in the Uganda cattle corridor district, however, we isolated
MTC in only 8.4% of these bovine TB-like lesions. Therefore, there is a need to understand the cause of all the other
bovine TB-like lesions in order to safe guard diagnostic integrity of meat inspection in Uganda.
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Background
Bovine tuberculosis (TB) is a chronic, infectious disease
caused by Mycobacterium bovis (M. bovis) [1]. This disease
has both public health and socioeconomic implications and
in Uganda this disease is of concern particularly in rural
communities [2, 3]. Apart from reduced productivity of in-
fected cattle [4] and the possibility of carcass condemnation

at slaughter, consumption of infected uncooked meat and/
or unpasteurized milk (and milk products) increases the
risk of zoonotic transmission of M. bovis to humans (zoo-
notic TB) in these communities [2, 3].
There is no official nationwide bovine TB control

policy in Uganda, therefore, routine meat inspection at
municipal abattoirs represent the first point of detection
of this disease [2, 5]. It is noteworthy that not all animals
are slaughtered at municipal abattoirs; therefore there is
an unknown proportion of animals slaughtered that do
not undergo meat inspection in Uganda. In countries
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where a nationwide bovine TB control program is in place,
detection of infected animals is synergised through annual
TB skin testing and routine meat inspection [4, 6]. Slaugh-
ter detected TB-like lesions are confirmed at laboratory
level through microscopic detection of acid fast bacilli be-
fore or after selective growth on media [4]. The cost of de-
finitive diagnosis is reported to increases along the
diagnostic cascade with molecular based diagnostic tools
being the most expensive [7]. To reduce on this cost, rapid
simple and inexpensive new generation assays for detect-
ing members of Mycobacterium tuberculosis complex
(MTC) including Mycobacterium bovis, Mycobacterium
bovis BCG, Mycobacterium canettii, Mycobacterium afri-
canum, Mycobacterium pinnipedii, Mycobacterium
microti, Mycobacterium caprae and Mycobacterium
mungi. have been developed, and one such assays is capilia
TB-neo [7, 8]. This assay has been used in countries for
this purpose and in Uganda it has been mostly used in the
diagnosis of human TB [8, 9].
Under Uganda’s field conditions, where abattoir sur-

veillance is the only point where bovine TB can be iden-
tified, it is critical that the quality and integrity of meat
inspection at this point is maintained by assuring the
process is conducted appropriately and by regularly up-
dating prevalence estimates which ensures optimal
workload per post mortem inspector [10]. Furthermore,
it is essential to understand disease drivers in order to
strategically allocate scarce resources. Under such
settings this process is usually hindered by the lack of
optimal numbers of M. bovis caused bovine TB-like
lesions in order to make meaningful risk assessment

studies. A recent study reported that one in fifty slaugh-
tered pigs with bovine TB-like lesions were due to M.
bovis in Mubende district. Such a finding is not only
considered a spill-over event from cattle to pigs accord-
ing to the epidemiology of bovine TB but it also inher-
ently suggests a high prevalence of bovine TB in the
cattle populations.
This study therefore aimed at estimating the preva-

lence of bovine TB-like lesions in cattle slaughtered at
the Municipal abattoir in Mubende District in the Cattle
Corridor in Uganda and to identify factors associated
with the presence of bovine TB-like lesions among these
cattle. Additionally, we aimed to isolate Mycobacterium
species from these bovine TB-like lesions.

Methods
Study site
This cross-sectional study was conducted at the municipal
abattoir of Mubende district in the Uganda cattle corridor
(UCC) between August 2013 and January 2014. The UCC
(Fig. 1) is a diagonal expanse of land spanning from the
Northeast corner to the south Western corner of Uganda
and holds ~ 45% of all the cattle in Uganda [11]. Mubende
is located in the centre of the UCC with on average
610,000 and 35,000 human and cattle population respect-
ively [12]. Most of the large herds of cattle are in pastoral-
ist communities that tend to graze cattle communally.

Sampling and inclusion criteria
A preliminary survey of the study area was carried out
in order to secure clearance from the District Veterinary

Fig. 1 shows a selection of observed BTB-like lesions found in our study. A deep yellow clumped gritty material in mesenteric lymph bodies, b a
tubercle structure from a mediastinal lymph node, c & d caseous material from part of lymph nodes from the thoracic region
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department and to understand the slaughter process in
order to develop a sampling strategy that caused the
least disturbance to the routine slaughter operations.
The sampling sight was the Mubende municipal abattoir
located in Mubende town council. All cattle slaughtered
at this abattoir between August 2013 and January 2014
were inspected and tissue samples were obtained from
all carcasses that presented with bovine TB-like lesions.

Ante mortem inspection and cattle characteristics
Physical examination of all the animals was conducted
to obtain data on age (young and old), sex (male and
female), and breed (Ankole-Sanga, East African Zebu,
Friesian cross) before slaughter. Age estimation was
done using the dental eruption and wear patterns [13].
Animals were classified as young cattle (less than
2.5 years old, and old (greater than 2.5 years old). Add-
itional data on the sub-county of origin prior to slaugh-
ter of the animal and total number of animals
slaughtered at the abattoir was retrieved from the abat-
toir records.

Post mortem inspection
All carcasses of cattle slaughtered during the study
period were inspected for the presence of bovine TB-like
(tuberculous) lesions. Examination of the carcasses was
thoroughly conducted as sanction by the public health
Act of Uganda and the World Organisation for Animal
Health (OIE) [14]. Briefly, lymph nodes especially
parotid, sub maxillary, mandibular, brachial, medial
retropharyngeal, mediastinal, hepatic, mesenteric iliac,
precrural, prescapular, supramammary, inguinal, and
ischiatic lymph nodes, were palpated incised and
inspected for the presence of bovine TB-like lesions.
Organs including the livers, lungs, kidneys, spleens,
intestines, mammary glands were also palpated and in-
cised and inspected for bovine TB-like lesions. Lymph
nodes that showed the following gross pathological char-
acteristics were collected: increased size, colour changes,
and granulation, calcification, and/or caseation texture.
Bovine TB-like lesions were collected into a clean, sterile
container to avoid contamination with other environ-
mental mycobacteria. The samples were transported at
4 °C to the veterinary public health laboratory where
they were stored at −20 °C until they were transferred to
Mycobacteriology laboratory in the department of med-
ical microbiology within the school of health sciences at
Mulago for mycobacterial culturing.

Culturing, isolation and identification of Mycobacterium
Tuberculosis Complex (MTC)
This selective growth was conducted in order to isolate
Mycobacterium spp from bovine TB-like lesions. Briefly,
fat and connective tissue was dissected away from the

lymph node; then, 3 g of the tissue was cut into small
pieces using a sterile scalpel blade. Tissue samples were
crushed in a clean motor using a pestle, the minced
tissue was then transferred into a clean, well labelled
centrifuge tube. Ten (10) ml of 4% NaOH were added to
the minced tissue for decontamination followed by a
neutralisation Sterile with PBS (pH 6.8, 0.067 M) added
up to the 50 ml mark and the tube was centrifuged at
3200 g for 15 min at 18 °C. All tissue was removed from
the centrifuge tube and a phosphate buffered saline was
added to 45 ml mark, followed by centrifugation at
3000xg for 15 min at 4° Celsius. The supernatant was
carefully poured off leaving only the sediment in the
centrifuge tubes. A half (0.5 ml) of the sediment was
inoculated into mycobacteria growth indicator tube
(MGIT), supplemented with PANTA/OADC and 0.2mls
of Lowenstein-Jensen (LJ) supplemented with sodium
pyruvate (to promote growth of M. bovis). The inocu-
lated MGIT tubes were loaded into the instrument and
incubated at 37° Celsius with 5-10% CO2 for up 6 weeks.
The media was monitored weekly for growth.

Acid-fast detection
MGIT tube with growth were examined for acid-fast
bacilli by the Ziehl-Neelsen (ZN) by heat fixing the cells
on a glass microscope slide and then flooded with
carbolfuchsin stain as previously described [15]. The
slide was gently and intermitently heated until it
steamed for between 2 and 3 min, carbolfuchsin was
then poured off and the slide washed thoroughly with
water. This was followed by decolourisation with acid-
alcohol for five minutes and again washing the slide with
water thoroughly. Methylene blue counterstain was then
flooded on the slide for one minute and the slide washed
with water. Finally excess water was blotted off and the
slide dried before viewing under light microscope
(Olympus CX31) using a 103 magnification.

Capilia TB-Neo
The samples that were positive on the acid-fast test were
then confirmed to be Mycobacterium tuberculosis com-
plex (MTC) using capilia TB-Neo which detects the
presence of MPB64 antigens specifically produced by
MTC [8]. The kit includes a test plate with a carrier strip
composed of a sample placing area, a reagent area
including a colloidal gold labelled anti-MPB64 monoclo-
nial antibody and a developing area that fixes the anti-
MPB64 monoclonial antibody [7, 8]. Dissolved colony
material of a sample (100 μl) was placed on the placing
area of the test plate, the colloidal gold labelled anti-
MPB64 antibody dissolves and forms an immune com-
plex with MPB64 antigens in the sample. This immune
complex migrates through the developing area by capil-
lary action becoming captured by the anti-MPB64
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antibody fixed in the developing area, and forms a red
purple line of colloidal gold in the reading area. The red
purple line visually displays the existence of MPB64 anti-
gens in the sample. Regardless of the existence of the
MPB64 antigens in the sample, excess colloidal gold-
labelled anti-MPB64 antibody further migrates through
the developing area, becoming captured by anti-mouse
immunoglobulin antibodies fixed in the developing area,
and red purple line in the reading. This means the
colloidal gold-labelled anti-MPB64 antibody has migrated
normally. Results are interpreted after 15 min.

Data management and analysis
Individual animal data collected from the abattoir was
merged with laboratory results and entered into Micro-
soft excel 2007. Summary descriptive statistics including
proportions and 95% confidence intervals were calcu-
lated. The chi-square test (univariable analysis), and
multivariable logistic regression analyses were used to
evaluate associations between cattle characteristics with
the presence of bovine TB-like lesions at slaughter. Vari-
ables with a p < 0.25 in the univariate analysis were of-
fered manually to the multivariable logistic regression
model. The Hosmer-Lemeshow test was used to evaluate
the overall model fit. Statistical significance was consid-
ered at p < 0.05.

Results
Animal characteristics
One thousand five hundred and 76 animals were
inspected during the 6 months study period at the
Mubende district Municipal abattoir. There were more
male animals (62%) slaughtered than females, and a
greater proportion (86%) of animals were young animals.
Ankole-Sanga and East African Zebu accounted for over
three quarters of the cattle slaughtered in Mubende
district abattoir. Furthermore the highest proportion
(35%) of animals slaughtered at this abattoir originated
from Madudu sub-county while less than a quarter of
the animals came from Mubende town council (Table 1).

Prevalence and risk factors associated with the presence
of bovine TB-like lesions at slaughter
One hundred and 53 carcasses presented with bovine
TB-like lesions. We observed that most of the bovine
TB-like lesions were anatomically located in the thoracic
region. These were mainly from the bronchial and medi-
astinal lymph nodes as shown in Fig. 1. Most of these le-
sions were caseocalcerous and grit-like particles
embedded within the deep yellow to brownish coloured
lesions. This grit-like texture was particularly felt on sli-
cing through the lesion (Fig. 1).
Overall, 153 (9.7%, 95% CI 8.3–11.3) TB-like lesions

were found among the 1,576 carcasses inspected

(Table 1). Females had a higher risk (12.4%, 95% CI 9.9–
15.3) of presenting with a bovine TB-like lesion com-
pared to males (8.0%, 95% CI 6.4–9.9) (Table 1). Older
animals had a higher risk (19.1%, 95% CI: 14.1–24.9) of
presenting with bovine TB-like lesions than younger ani-
mals (8.2, 95% CI: 6.8–9.8). Cross bred had the highest
bovine TB-like lesion (34%, 95% CI: 21.5–48.3), while
13.4% (95% CI: 10.8–16.3) of Zebu cattle and 5.8% (95%
CI: 4.3–7.5) of Ankole cattle presented with bovine TB-
like lesions. Cattle originating in Kasanda had the high-
est risk (14%, 95% CI: 10.8–17.7) of presenting with a
bovine TB-like lesion, followed by cattle from Madudu
(9.5%, 95%CI: 7.5–12.2), Mubende (8.1%, 95% CI: 4.8–
12.6), and Kasambya (6.3, 95% CI: 4.1–9.2) (Table 1).
When adjusting for the combined effect of all these
animal characteristics, results from the multivariable
analysis (Table 2) indicate that bovine TB-like lesions
were most likely to be observed in females (OR =
1.49, OR 95% CI: 1.06–2.13) than in males, and in
older cattle (OR = 2.5, 95% CI: 1.64–3.7) when com-
pared to young animals. When compared to Ankole
cattle, Cross bred (OR = 6.5, OR 95% CI: 3.37–12.7)
and Zebu cattle (OR = 2.57, 95% CI: 1.78–3.72) had
higher odds of presenting with bovine TB-like lesions.
Animal from Kasanda (OR = 2.5, 95% CI: 1.52–4.17)
were more likely to disclose bovine TB-like lesions
than cattle from Kasambya.

Table 1 Distribution of bovine TB-like lesions identified in cattle
slaughtered at the Mubende Municipal abattoir, Uganda

Animal
Characteristics

Inspected Bovine
TB-like
Lesions

Risk (95% CI) X2 P-value

Total 1576 153 9.7 (8.3,11.3) - -

Sex

Male 973 78 8.0 (6.4,9.9) 7.81 0.0052

Female 603 75 12.4 (9.9, 15.3)

Breed

Cross-breeds 53 18 34.0 (21.5, 48.3) 61.4 <0.0001

Zebu 619 83 13.4 (10.8, 16.3)

Ankole 904 52 5.8 (4.3, 7.5)

Age

Young 1356 111 8.2 (6.8, 9.8) 24.5 <0.0001

Old 220 42 19.1 (14.1, 24.9)

Origin

Madudu 550 52 9.5 (7.1, 12.2) 14.71 0.002

Mubende T/C 210 17 8.1 (4.8, 12.6)

Kasambya 395 25 6.3 (4.1, 9.2)

Kasanda 421 59 14.0 (10.8, 17.7)

* Univariable analysis using the Chi-square test
AUC=0.705, HL(df=8), p value= 0.1931
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Presence of Mycobacterium tuberculosis complex (MTC) in
bovine TB- lesions at slaughter
Bacteria from the genus Mycobacterium was isolated
from 13 bovine TB-like lesions (Table 3). Given this rela-
tively small sample. Laboratory analysis shows that in 13

(8.4%) of 153 bovine TB-like lesions belonged to the
genus Mycobacterium based on the acid-fast test and
MGIT culture. Twelve (7.8%) of the 13 were confirmed
to be Mycobacterium tuberculosis complex (MTC) using
the Capillia TB Neo. Two (1.3%) of the 12 are tentatively
identified as Mycobacterium bovis based on their growth
on MGIT, pyruvated LJ and positive result on Capillia
TB Neo. We also recorded an 8.5 and 20% contamin-
ation rate on Pyruvated LJ and MGIT liquid culture
system respectively (Table 4)

Discussion
The World Organisation for Animal Health (OIE) argues
that the control of zoonotic TB in human population
must start with controlling bovine TB in cattle popula-
tions [14]. In countries like Uganda insight into the mag-
nitude of this health concern can only be achieved
through applied utilisation of abattoir inspection data.
This study therefore aimed at estimating the prevalence
of bovine TB-like lesions at slaughter in Mubende
district in the Uganda cattle corridor. Furthermore, we
investigated factors associated with the presence of
bovine TB-like lesions at slaughter in this area.
Approximately, one in ten slaughtered cattle had a

bovine TB-like lesion identified during routine meat
inspection. This observed prevalence of gross pathology
suggestive of bovine TB is higher than previously
reported in other districts like Kampala and Masaka [2,
5, 16]. This difference in prevalence between Kampala
the capital of Uganda and this cattle corridor district is
most likely a reflection of a “filtration process” where
cattle are moved through rural cattle markets into the
urban abattoirs (Kampala and Masaka), this process
ensures that only cattle with a good body condition are
sent to markets where they will fetch a higher price per
unit kilogram of beef indirectly selecting for healthier
animals [17]. This phenomenon has also been observed
in Cameroon and Ethiopia [18, 19]. Although the bovine
TB-like lesion prevalence here is comparable to Ethiopia
[10, 20, 21], the currently observed prevalence is higher
than the 7.3, 6.7 and 6.4% reported in Chad, Burkina
Faso and Nigeria, respectively. This scenario in
Mubende, could be contributing to the observed
scenario with a spill-over into pigs, a phenomenon

Table 2 Multivariable logistic regression results and adjusted
odd ratios for animal sex, breed, age, and origin for the
presence of bovine TB-like lesions among slaughtered cattle in
Mubende district

Animal Characteristics Adjusted Odd Ratio Odds Ratio 95% CI P-value

Sex

Male Ref -

Female 1.49 1.06–2.13 0.017

Breed

Ankole Ref -

Zebu 2.57 1.78–3.72 <0.001

Cross 6.5 2.7–12.57 <0.001

Age

Young Ref - -

Old 2.5 1.64-3.7 <0.001

Origin

Kasambya Ref - -

Madudu 1.66 1.00–2.76 0.05

Mubende TC 1.23 0.63-2.37 0.54

Kasanda 2.51 1.52-4.17 <0.001

Table 3 Distribution of genus Mycobacterium among bovine
TB-like lesions obtained at slaughter at the Mubende Municipal
abattoir

Animal Characteristics Number of bovine
TB-like lesions

+ on ZN &/or
Capilia (%)

Total 153 13 (8.5)

Sex

Female 75 2 (2.66)

Male 78 11 (14.1)

Breed

Zebu 83 6 (7)

Cross 18 1 (5.6)

Ankole 52 6 (12)

Age

Old 42 2 (4.8)

Young 111 11 (9.9)

Origin

Kasanda 59 4 (2.6)

Madudu 52 6 (3.9)

Kasambya 25 2 (1.3)

Mubende TC 17 1 (0.7)

Table 4 A comparison of diagnostic methods used to identify
the causative agent of bovine TB-like lesions obtained from
cattle slaughtered in Mubende Municipal abattoir between

Test outcome TB-like lesions Z&N *Pyruvated L.J. *MGIT Capillia

Positive 153 13 2 13 12

Negative 0 140 138 108 1

Contaminated N/A N/A 13 32 NA

Total 153 153 153 153 13
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associated with high transmissions pressure that has
been previously reported in Mubende district [15].
Female cattle had a higher risk of having bovine TB-

like lesions at slaughter in comparison to males, how-
ever, in a higher proportion of males genus Mycobacter-
ium was isolated from bovine TB-like lesions. The
results regarding MTC isolation should be viewed with
caution due to the relatively small number of cultures
obtained in this study. However, this finding is likely a
reflection of cattle management practices especially with
regards to the two sexes in pastoral settings. For example,
a typical herd will have fewer bulls but kept them for a
long time to maximize their breeding potential for the
herd [22, 23], other males are kept as steers which are fat-
tened and sold off for slaughter at an early age [17].
These different management practices are likely to in-
crease the risk of exposure to Mycobacterium for males.
Older animals were more likely to have bovine TB-like

lesions at slaughter which is in agreement with what has
been previously reported in Cameroon and Ethiopia [24,
25]. The odds of cross-bred and Zebu animal having le-
sions at slaughter were 6.5 and 2.57 times those of an
Ankole-Sanga breed, respectively. A similar association
with breed has been reported in Cameroon [25]. How-
ever, there is a difference in risk status in these two stud-
ies, where being a mixed (Cross) breed was a protective
factor in Cameroon while in our study in Mubende dis-
trict cross bred cattle was found to have a higher risk of
having bovine TB-like lesions when compared to Ankole
cattle. In Cameroon up to 85% of the observed bovine
TB-like lesions were due to genus Mycobacterium [25]
while the opposite was found in this study, with only
identifying MTC in 8.4% of bovine TB-like lesions. Ani-
mals with different geographical origins prior to slaugh-
ter had different risk of having bovine TB-like lesions,
and this observation is similar to what had been re-
ported in slaughtered pigs in Mubende [26]. Interest-
ingly, bovine TB-like lesions in the study evaluating pigs
in Mubende were mostly caused by non tuberculous
mycobacteria [26].
Genus Mycobacterium was isolated from only 13 of the

153 lesions most of which belonged to the Mycobacterium
tuberculosis complex (MTC). This represents 8.4% of
MTC detected among all bovine TB-like lesions detected,
and although this is lower than what has been reported in
Ethiopia and Cameroon [19], these findings are in agree-
ment with previous reports in Uganda [2, 5, 16]. These
comparable prevalence estimates in different districts
within the Uganda cattle corridor at different time points
suggests that indeed the causative agents of bovine TB-
like lesions are endemically present in the Uganda cattle
corridor. However in-depth microbiological analysis re-
veals that over 19 per cent of the lesions are due to causes
other-than Mycobacterium. There is therefore dire need to

understand what is causing these bovine TB-like lesions in
order to safe guard the integrity of meat inspection as bo-
vine TB detection tool.
From a laboratory diagnostic point of view, these re-

sults also reveal a substantial (20%) amount of contam-
ination by other bacteria other than mycobacteria which
triggered a much more stringent decontamination proto-
col on our part. This is reported to have an effect on the
survival of mycobacteria in a sample especially those
with a low bacillary load [27]. It is therefore possible that
the decontamination process in this study reduced our
ability to accurately identify/culture Mycobacterium spp
from the obtained bovine TB-like lesion.
The presence of a large proportion of bovine TB-like

lesions caused by other pathogens other than Mycobac-
terium has been reported in Europe [28], but in Africa,
in Ghana and Chad 34 and 42% respectively of such le-
sions were reported to be caused by genus Mycobacter-
ium [29, 30]. This has diagnostic implications as such
gross pathology in which MTC is not identified, would
be bovine TB ‘false positives’ which further compromises
the diagnostic utility of the only routinely used public
health first line detection of bovine TB. The recovery of
members of MTC in isolates is particularly of public
health concern as these are known to cause pulmonary
and extra-pulmonary TB disease in human population
[4]. This is expected to pose a considerable public health
risk especially in such pastoral population where there is
an overlap with HIV, human-TB, bovine TB and socio-
cultural practices that favour M. bovis transmission via
direct contact with cattle and/or by consumption of ani-
mal products (mostly unpasteurized milk products).
Although, the main objective of this study was to

investigate prevalence of bovine TB-like lesions (gross
pathology) suggestive of bovine TB, we think it is essen-
tial to definitively establish if these bovine TB-like lesions
are actually caused by Mycobacterium spp, and which spe-
cies (and strains). For this specific study, insufficient funds
and resources precluded the option of definitively identify-
ing the Mycobacterium species found in these bovine TB-
like lesions. Thus, we stored these isolates (alliquotes of
DNA), and plan to analyse these samples further to spe-
cies level. However, the presence of MTC at slaughter
highlights the eminent risk of human exposure to bovine
TB through foods of cattle origin in communities within
the Uganda cattle corridor. This comes at a time when the
need to identify zoonotic TB at-risk-communities is now
more than ever critical in a bid to pre-empt the impact
due to zoonotic TB as countries all over the world lay
strategies for a TB free world in 2035 [31].

Conclusion
The findings in this study reveal that one in ten slaughtered
cattle presents with gross pathology suggestive of bovine
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TB (BTB-like lesions) in Mubende district in the Uganda
cattle corridor districts, however we identified MTC in only
8.4% of these lesions. There is need therefore to understand
the cause of all the other BTB-like lesions in order to safe
guard diagnostic integrity of meat inspection.

Abbreviations
LJ: Lowenstein-Jensen; MGIT: Mycobacteria Growth Indicator Tube;
MTC: Mycobacterium Tuberculosis Complex; OADCOleic: Acid, Albumin,
Dextrose, And Catalase; OIE: World Organisation For Animal Health;
PANTA: Polymyxin, Amphotericin B, Nalidixic Acid, Trimethoprim And
Azlocillin; TB: Tuberculosis; UCC: Uganda Cattle Corridor; UNCST: Uganda
National Council For Science And Technology; ZN: Ziehl-Neelsen

Acknowledgements
This work was done by the generous financial support from College of
Veterinary Medicine and Biomedical Sciences Research Council, Colorado
State University. The authors are grateful to the participant who contributed
to all of the studies and the teams of investigators involved. We also would
like to appreciate Gerald Mbowa and the district veterinary departments of
the four districts for their corporation during sample collection.

Funding
Colorado State University, College of Veterinary Medicine and Biomedical
Sciences, College Research Council (CRC) funding Program.

Availability of data and materials
We do not want to share the data sets. However, the data can be available
from Authors upon request.

Authors’ contributions
DPN contributed to the design, data collection, laboratory work, drafting and
writing of the manuscript. CK contributed to conception, design, supervision
and drafting of the manuscript. FO-P contributed to the acquisition of funds,
data analysis and writing of the manuscript. AM contributed to conception,
design, supervision and drafting of the manuscript. All authors have read
and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Scientific and ethical clearance for this study was obtained from the Uganda
National Council for Science and Technology (UNCST). This is part of a
comprehensive documentation of Mycobacterial diseases within the Uganda
cattle corridor, which the research ethics committee found to be
scientifically and ethically in accordance with the requirements and therefore
was approved with reference number HS 879.

Author details
1Department of Biosecurity Ecosystem and Veterinary Public Health, College
of Veterinary Medicine, Animal Resources and Biosecurity, Makerere
University, P.O. Box 7062, Kampala, Uganda. 2Division of Genetics and
Genomics, The Roslin institute, University of Edinburgh, Easter bush Campus,
EH259RG Edinburgh, UK. 3College of Veterinary Medicine and Biomedical
Sciences, Department of Clinical Sciences & Mycobacteria Research
Laboratories, Colorado State University, Fort Collins, CO, USA.

Received: 27 May 2016 Accepted: 20 October 2016

References
1. Cosivi O, Meslin FX, Daborn CJ, Grange JM. Epidemiology of Mycobacterium

bovis infection in animals and humans, with particular reference to Africa.
Rev Sci Tech. 1995;14:733–46.

2. Oloya J, Kazwala R, Lund A, Opuda-Asibo J, Demelash B, Skjerve E, et al.
Characterisation of mycobacteria isolated from slaughter cattle in pastoral
regions of Uganda. BMC Microbiol. 2007;7:95.

3. Kankya C, Muwonge A, Olet S, Munyeme M, Biffa D, Opuda-Asibo J, et al.
Factors associated with pastoral community knowledge and occurrence of
mycobacterial infections in human-animal interface areas of Nakasongola
and Mubende districts, Uganda. BMC Public Health. 2010;10:471.

4. Neill SD, Skuce RA, Pollock JM. Tuberculosis-new light from an old window.
J Appl Microbiol. 2005;98:1261–9. Available from: http://onlinelibrary.wiley.
com/doi/10.1111/j.1365-2672.2005.02599.x/epdf.

5. Asiimwe BB, Asiimwe J, Kallenius G, Ashaba FK, Ghebremichael S, Joloba M,
et al. Molecular characterisation of Mycobacterium bovis isolates from cattle
carcases at a city slaughterhouse in Uganda. Vet Rec. 2009;164:655–8.

6. Aagaard C, Govaerts M, Meikle V, Gutiérrez-Pabello J a, McNair J, Andersen
P, et al. Detection of bovine tuberculosis in herds with different disease
prevalence and influence of paratuberculosis infection on PPDB and ESAT-
6/CFP10 specificity. Prev Vet Med [Internet]. Elsevier B.V.; 2010 [cited 2014
Nov 20];96:161–9. Available from: http://www.sciencedirect.com/science/
article/pii/S016758771000173X.

7. Muyoyeta M, Mwanza WC, Kasese N, Cheeba-Lengwe M, Moyo M, Kaluba-
Milimo D, et al. Sensitivity, specificity, and reproducibility of the Capilia TB-
Neo Assay. J Clin Microbiol. 2013;51(12):4237–9.

8. Hillemann D, Rüsch-Gerdes S, Richter E. Application of the Capilia TB assay
for culture confirmation of Mycobacterium tuberculosis complex isolates. Int
J Tuberc Lung Dis. 2005;9:1409–11.

9. Muwonge A, Malama S, Johansen TB, Kankya C, Biffa D, Ssengooba W, et al.
Molecular Epidemiology, Drug Susceptibility and Economic Aspects of
Tuberculosis in Mubende District, Uganda. PLoS One. 2013;8(5):e64745.

10. Bekele M. Evaluation of Routine Meat Inspection Procedure to Detect
Bovine Tuberculosis Suggestive Lesions in Jimma Municipal Abattoir, South
West Ethiopia. Glob Vet. 2011;6:172–9.

11. WFO. Re-greening the Ugandan cattle corridor [Internet]. Water food Organ.
2012. [cited 2015 Jul 22]. Available from: http://waterandfood.org/2011/10/
21/re-greening-the-ugandan-cattle-corridor/]

12. FAO. Cattle population [Internet]. Rome. 2005. Available from: http://www.
fao.org/faostat/en/#search/Cattle.

13. Torell R, Bruce B, Kvasnicka B, Conley K. Methods of Determining Age of
Cattle. 2003.

14. OIE. Bovine Tuberculosis. Paris: OIE; 2009.
15. Muwonge A, Johansen TB, Vigdis E, Godfroid J, Olea-Popelka F, Biffa D, et al.

Mycobacterium bovis infections in slaughter pigs in Mubende district,
Uganda: a public health concern. BMC Vet Res. 2012;8:168. Available from:
http://www.biomedcentral.com/1746-6148/8/168.

16. Nasaka J. Occurence of Bovine Tuberculosis In Slaughtered Cattle. Msc
thesis Environ Nat Sci Manag. 2014. pp. 1-86. Available from: http://citeseerx.
ist.psu.edu/viewdoc/download?doi=10.1.1.904.8928&rep=rep1&type=pdf.

17. Karugia J, Wanjiku J, Nzuma J, Gbegbelegbe S, Macharia E, Massawe S, et al.
The impact of non-tariff barriers on maize and beef trade in East Africa. East
[Internet]. 2009;1–16. Available from: http://www.resakss.org/sites/default/
files/pdfs/the-impact-of-non-tariff-barriers-on-maize-and-bee-42386.pdf.

18. Tschopp R, Schelling E, Hattendorf J, Aseffa A, Zinsstag J. Risk factors of
bovine tuberculosis in cattle in rural livestock production systems of
Ethiopia. Prev Vet Med. 2009;89:205–11. Available from: http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=2706391&tool=
pmcentrez&rendertype=abstract.

19. Awah Ndukum J, Kudi AC, Bradley G, Ane-Anyangwe IN, Fon-Tebug S,
Tchoumboue J. Prevalence of bovine tuberculosis in abattoirs of the littoral
and Western highland regions of cameroon: a cause for public health
concern. Vet Med Int. 2010;2010:495015. Available from: http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=2896641&tool=
pmcentrez&rendertype=abstract.

20. Nega M, Mazengia H, Mekonen G. Prevalence and zoonotic implications of
bovine tuberculosis in Northwest Ethiopia. Int J Med Med Sci. 2012;2:182–
92. Available from: http://internationalscholarsjournals.org/download.
php?id=226387237097549607.pdf&type=application/pdf&file=
prevalence%20and%20zoonotic%20implications%20of%20bovine%
20tuberculosis%20in%20northwest%20ethiopia%20.pdf.

21. Aylate A, Shah SN, Aleme H, Gizaw TT. Bovine tuberculosis: prevalence and
diagnostic efficacy of routine meat inspection procedure in Woldiya
municipality abattoir north Wollo zone, Ethiopia. Trop Anim Health Prod. 2013;
45:855–64. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23080340.

Nalapa et al. BMC Veterinary Research  (2017) 13:73 Page 7 of 8

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.2005.02599.x/epdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.2005.02599.x/epdf
http://www.sciencedirect.com/science/article/pii/S016758771000173X
http://www.sciencedirect.com/science/article/pii/S016758771000173X
http://waterandfood.org/2011/10/21/re-greening-the-ugandan-cattle-corridor/
http://waterandfood.org/2011/10/21/re-greening-the-ugandan-cattle-corridor/
http://www.fao.org/faostat/en/#search/Cattle
http://www.fao.org/faostat/en/#search/Cattle
http://www.biomedcentral.com/1746-6148/8/168
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.904.8928&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.904.8928&rep=rep1&type=pdf
http://www.resakss.org/sites/default/files/pdfs/the-impact-of-non-tariff-barriers-on-maize-and-bee-42386.pdf
http://www.resakss.org/sites/default/files/pdfs/the-impact-of-non-tariff-barriers-on-maize-and-bee-42386.pdf
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2706391&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2706391&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2706391&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2896641&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2896641&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2896641&tool=pmcentrez&rendertype=abstract
http://internationalscholarsjournals.org/download.php?id=226387237097549607.pdf&type=application/pdf&file=prevalence%20and%20zoonotic%20implications%20of%20bovine%20tuberculosis%20in%20northwest%20ethiopia%20.pdf
http://internationalscholarsjournals.org/download.php?id=226387237097549607.pdf&type=application/pdf&file=prevalence%20and%20zoonotic%20implications%20of%20bovine%20tuberculosis%20in%20northwest%20ethiopia%20.pdf
http://internationalscholarsjournals.org/download.php?id=226387237097549607.pdf&type=application/pdf&file=prevalence%20and%20zoonotic%20implications%20of%20bovine%20tuberculosis%20in%20northwest%20ethiopia%20.pdf
http://internationalscholarsjournals.org/download.php?id=226387237097549607.pdf&type=application/pdf&file=prevalence%20and%20zoonotic%20implications%20of%20bovine%20tuberculosis%20in%20northwest%20ethiopia%20.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23080340


22. Inangolet FO, Demelash B, Oloya J, Opuda-Asibo J, Skjerve E. A cross-
sectional study of bovine tuberculosis in the transhumant and agro-pastoral
cattle herds in the border areas of Katakwi and Moroto districts, Uganda.
Trop Anim Health Prod. 2008;40:501–8.

23. Oloya J, Opuda-Asibo J, Djønne B, Muma JB, Matope G, Kazwala R, et al.
Responses to tuberculin among Zebu cattle in the transhumance regions of
Karamoja and Nakasongola district of Uganda. Trop Anim Health Prod. 2006;
38:275–83.

24. Ameni G, Aseffa A, Engers H, Young D, Gordon S, Hewinson G, et al. High
prevalence and increased severity of pathology of bovine tuberculosis in
Holsteins compared to zebu breeds under field cattle husbandry in central
Ethiopia. Clin Vaccine Immunol. 2007;14:1356–61. Available from: http://
www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2168113&tool=
pmcentrez&rendertype=abstract.

25. Egbe N, Muwonge A, Ndip L, Kelly R, Sander M, Tanya V, Ngu Ngwa V, et al.
Abattoir-based estimates of mycobacterial infections in Cameroon.Under-
review. Sci Reports. 2016;6:24320.

26. Muwonge A, Kankya C, Johansen TB, Djønne B, Godfroid J, Biffa D, et al.
Non-tuberculous mycobacteria isolated from slaughter pigs in Mubende
district, Uganda. BMC Vet Res. 2012;8:52.

27. Chatterjee M, Bhattacharya S, Karak K, Dastidar S. Effects of different
methods of decontamination for successful cultivation of Mycobacterium
tuberculosis. Indian J Med Res. 2013;138:541–8.

28. Costello E, Quigley F, Flynn O, Gogarthy A, Mcguirk J, MURPHY A, et al.
Laboratory examination of suspected tuberculous lesions detected on
abattoir post mortem examination of cattle from non-reactor herds. Ir Vet J.
1998;51:248–50.

29. Atiadeve SK, Gyamfi OK, Mak-Mensah E, Galyuon IKA, Owusu D, Bonsu FA,
et al. Slaughter surveillance for tuberculosis among cattle in three
metropolitan abattoirs in Ghana. J Vet Med Anim Health. 2014;6:198–207.
Available from: http://www.academicjournals.org/journal/JVMAH/article-full-
text-pdf/AC9991745675.

30. Diguimbaye-djaibé C, Hilty M, Ngandolo R, Mahamat HH, Pfyffer E, Baggi F,
et al. Tuberculous Lesions in Chadian Zebu Carcasses. Emerg Infect Dis.
2006;12:769–71.

31. Mario R. The end TB strategy. Geneva: World Health Organisation; 2014. p.
1–20. Available from: http://www.who.int/tb/End_TB_brochure.pdf?ua=1.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Nalapa et al. BMC Veterinary Research  (2017) 13:73 Page 8 of 8

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2168113&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2168113&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2168113&tool=pmcentrez&rendertype=abstract
http://www.academicjournals.org/journal/JVMAH/article-full-text-pdf/AC9991745675
http://www.academicjournals.org/journal/JVMAH/article-full-text-pdf/AC9991745675
http://www.who.int/tb/End_TB_brochure.pdf?ua=1

	Abstract
	Background
	Method
	Results
	Conclusions

	Background
	Methods
	Study site
	Sampling and inclusion criteria
	Ante mortem inspection and cattle characteristics
	Post mortem inspection
	Culturing, isolation and identification of Mycobacterium Tuberculosis Complex (MTC)
	Acid-fast detection
	Capilia TB-Neo
	Data management and analysis

	Results
	Animal characteristics
	Prevalence and risk factors associated with the presence of bovine TB-like lesions at slaughter
	Presence of Mycobacterium tuberculosis complex (MTC) in bovine TB- lesions at slaughter

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

