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ABSTRACT

Bovine tuberculosis (BTB) is a considerable
threat to livestock keepers and public health in

many developing and underdeveloped countries.

We investigated associations between 20 mi-
crosatellite markers and three phenotypes for
BTB in a sample of the Chadian cattle popula-
tion. The phenotypes measured were: 1) single
intra-dermal comparative cervical tuberculin test
(SICCT) performed on live animals, 2) presence
of lesion post-slaughter, 3) a bacteriological tis-
sue culture test for Mycobacterium bovis using
the samples with observed lesions and 4) a pre-
dicted Bayesian model (BM) estimate of a true
BTB disease status using all tested animals. All
traits were recorded in binary form and as either
1 = presence or 0 = absence. A total of 224 ani-
mals for SICCT, lesion and BM traits and 96
animals with bacteriological culture test were
genotyped. Generalised linear models were fit-
ted to the binary BTB phenotypes that consisted
of age (covariate), sex (2 levels), breed (2 levels)
and markers (alleles: 5 - 14 levels) as explana-
tory variables and implemented in R using glm
with a logit link function. The model was fitted
for each marker, separately. Six out of 20 mark-
ers tested were significantly associated with at
least one trait considered; these were ILSTS005,
ILSTS006, TGLA227, BM2113 and CSRM66. Ge-
nomic regions around these markers may serve
as a basis for further functional investigations.
This is the first study to report association of
microsatellite markers with bovine tuberculosis
traits in African or Chadian cattle population.

Keywords: Bovine Tuberculosis; Breeding

Disease-Resistant Cattle; Genetic Markers;
Mycobaterium bovis; African Cattle

Copyright © 2013 SciRes.

1. INTRODUCTION

Mycobacterium bovis causes bovine tuberculosis (BTB),
an important disease of domesticated cattle that has a
major economic and health impact throughout the world
[1]. Worldwide, agricultural losses due to BTB are esti-
mated at around $3 billion annually [2]. BTB has a
zoonotic potential and may be transmitted from animals
to humans through consumption of contaminated, unpas-
teurised milk, poorly heat-treated meat or close contact
with infected animals. Tuberculosis in humans causes
almost two million deaths annually [3] and tuberculosis
incidence is rapidly increasing in sub-Saharan African
countries, fuelled by the concurrent HIV epidemic [4].

The incidence of BTB has been significantly reduced
or eradicated from domestic cattle in many developed
countries by state compensation of a test and cull policy
that removes infected cattle [S]. However, in Africa, due
to cost implication, lack of capacity and infrastructure,
the test and cull policy is not possible [6]. Consequently,
farmers face extreme pressure from disease episodes. A
study on two main Chadian zebu cattle (Arab and Mbororo)
populations estimated the incidence of BTB to be 11%
[7].

The traditional animal breeding strategies (i.e. animal
performance and pedigree recording for genetic evalua-
tions of animals) for developing resistant strains of live-
stock species is also impractical due to organisational,
operational, technical and infrastructural difficulties.
However, the use of genetic markers for the genetic im-
provement of resistance of the host is a critical compo-
nent of effective disease control. Better knowledge on
host genetic mechanisms of susceptibility and/or resis-
tance are prerequisites for the development of animal
breeding tools which may open ways for possible effec-
tive and sustainable methods of BTB control. One ap-
proach could be to exploit the host genetic variation in
response to BTB, as seen in a study conducted in red
deer [8] where results of experimental challenged with M.
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bovis evidenced a wide spectrum of responses and a high
heritability of resistance to BTB (0.48 + 0.096). This
result indicates that approximately 48 percent of the be-
tween-animal variation seen in response to infection with
M. bovis is due to genetics. More recent studies that util-
ised a large dataset of tuberculin skin tests from Irish and
British dairy cows [9,10] estimated heritability were
ranged from 0.14 to 0.18 (se: £0.044). These results
suggest that exploitable genetic variation exists and that
selection for resistance to BTB is feasible. Interestingly,
in cattle it has been demonstrated that differences in sus-
ceptibility to BTB is at the level of genus [11], indicating
that Bos indicus cattle are more resistant than Bos taurus.
Although there is no particular gene known to be respon-
sible for differences in BTB infection susceptibility in
cattle, natural resistant associated macrophage protein 1
(NRAMP1) was a known candidate gene; it is associated
with natural resistance to infection with Mycobacterium
spp., in cattle [12,13]. Recently, a genome-wide associa-
tion study on Holstein-Friesian herds in Irish cattle that
used the bovine 50 k SNP chip has identified three SNPs
in a 65 kb genomic region on chromosome 22 associated
with BTB susceptibility [14]. These studies provide sub-
stantial evidence that polymorphisms in the genome se-
quence play an essential role in determining resistance/
susceptibility to BTB infection. However, there is a lack
of information on the potential genetic markers for BTB
resistance in African cattle.

The objective of this study was to investigate associa-
tions between a panel of 23 microsatellite markers with
the following four phenotypes: 1) single intra-dermal
comparative cervical tuberculin (SICCT) test outcome, 2)
post-slaughter lesion presence, 3) a bacteriological tissue
culture test outcome sampled from detected lesion and 4)
a predicted true BTB infection status using a Bayesian
model for naturally occurring BTB in Chadian zebu cat-
tle.

2. MATERIALS AND METHODS
2.1. Animals

This study was a part of a large Swiss National Sci-
ence Foundation funded project on the study of molecu-
lar epidemiology, host-pathogen interactions in BTB and
cattle genetic diversity in Africa. A total of 251 animals
were sampled during three intervals of approximately one
month between July and November 2005 at abattoirs in
Southern Chad, approximately 500 km from N’Djamena,
the capital of Chad. Details of the resource population
can be found in [15,16]. Briefly, animals belonged to two
indigenous cattle breeds known as “Arab” and “Mbororo”
of zebu origin. Animals were a random subsample of cattle
raised in a long-distance trans-human livestock produc-
tion system with frequent trans-border movement of
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herds between the Central African Republic and Chad in
search of pasture during the dry season. Thus, there was
no information available on the parental population or
specific sires. Because regional farming systems focus
primarily on milk production, mainly young males and
old females are generally sold from the same herd to
different traders who, in turn, sell off their animals to
different butchers. Therefore, we assumed that the sam-
pled animals can be considered a representative sample
from a large number of different herds and an extensive
area of southern Chad. Variables recorded were: two
breeds (Arab cattle breed, n = 164 and Mbororo cattle
breed, n = 87), sex, age in years, body condition status (1
= good, 2 = bad or 3 = very bad condition) based on live
body weight and external characteristics and a number of
bovine tuberculosis diagnostic tests.

2.2. Phenotypes

The phenotypic data used in this study were the results
of three diagnostic tests conducted on animals prior to
and after slaughter at abattoirs in southern Chad. Full
details of the phenotyping are previously described [12].
Briefly, the SICCT was performed on live animals, three
days before slaughter. Animals were injected with an
aliquot of 0.1 ml containing 50,000 IU/ml bovine purified
protein derivative (PPD-B) and 0.1 ml of 25,000 IU/ml
avian purified protein derivative (PPD-A) on two differ-
ent sites of the previously shaved mid-neck. The PPD-B
and PPD-A were supplied by the licensed Instituto Zoo-
profilattico dell Umbria e delle Marche, Perugia, Italy
(http://www.izsum.it/IZSUM/). After 72 hours, the skin
thickness at the injection sites was measured. The inter-
pretation of the results was such that when reactions
were observed at both injection sites, the difference be-
tween the two reaction sizes was considered. An animal
was classified as SICCT positive if the increase in skin
thickness at the PPD-B injection site was more than 4
mm compared to the reaction shown at the PPD-A site,
and considered negative if the skin thickness was equal
to or less than 4 mm [17]. The SICCT phenotype was
recorded as 1 = skin thickness > 4 mm or 0 = skin thick-
ness <4 mm. Some animals do not respond to the SICCT
test, despite presenting physical signs of BTB infection
such as lesion post-slaughter. Therefore, post-slaughter
inspection of carcasses and bacteriological culture to
isolate M. bovis from tissue are important measures for
confirming the SICCT test; hence we also obtained post-
slaughter lesion and culture information. All experiments
were carried out in accordance with Chadian government
regulations and as per the standard policies of the Labo-
ratory of Veterinary and Zootechnique Research, Farcha,
Chad.

After slaughter, all cattle carcasses were subjected to
inspection for the presence of visible lesions in organs
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and lymph nodes (as seen in Figure 1) indicative of in-
fection by M. bovis. The inspection was conducted by
trained local veterinary officers, following the standard
procedures as previously described [18]. A total of 108
carcasses had visible lesion across various organs. The
lesion trait was recorded as: 1 = if a lesion was observed,
0 = otherwise.

One hundred and eight carcasses with confirmed gross
visible lesions were tissue-sampled and stored at —20°C
prior to processing. For bacteriological culture testing,
the specimens were homogenised with sterile saline so-
lution, then inoculated into Middlebrook 7H9 medium
flasks containing oleic acid-albumin-dextrose-catalase
and PANTA (polymyxin, amphotericin B, nalidixic acid,
trimethoprim, azlocillin) and incubated at 37°C (without
CO,) for 8 weeks. The presence of acid fast bacillus, an
indicator of Mycobacterium spp., was confirmed by the
smear Ziehl-Neelsen staining method. Six out of 108
tissue samples were discarded due to poor quality. Fifty
out of 102 samples (49%) that displayed bacterial growth
were positively identified for the presence of acid fast
bacilli, evidence of Mycobacterium spp. The culture test
s were recorded as 1 = presence of acid fast bacilli or 0 =
absence of acid fast bacilli.

A predicted true BTB disease status of all animals
tested was estimated using a Bayesian model (BM). The
model combined the results of both ante-mortem (SICCT)
and post-mortem (lesion and culture) diagnostic outcome
tests for the entire sampled animal population and was
based on the binomial assumption for each phenotype.
Under the BM estimate, animals were designated either
non-diseased = 0 or diseased = 1. A detailed BM and the
mathematical description are provided in [15].

2.3. Genotypes

Blood samples were collected from animals before the
SICCT test was performed and the DNA was extracted
using the QIAamp® DNA Blood Kit (QIAGEN, Cat. No.
51106) method. The DNA samples were sent to Van Haeri-
gen Laboratory (VHL) Wageningen, The Netherlands for
genotyping. Twenty three microsatellite markers were
genotyped, namely: BMI1818, BMI1824, BM2113,
CSRM60, CSSM66, ETH10, ETH225, ETH3, ETH152,
ETH185, TGLA122, TGLA126, TGLA227, TGLAS3,
ILSTS005S, ILSTS006, HELS5, HAUT27, SPS115, INRA32,
INRA35, INRA23, and MM12. These markers were se-
lected from a recommended panel for genetic diversity in
cattle populations by the Domestic Animal Diversity
(DAD) Information System of the Food and Agriculture
Organisation [19]. The FAO markers are polymorphic
and segregating independently.

2.4. Statistical Analyses

In order to ensure robust association testing, both ani-
mals and genotyped markers were checked to identify
and exclude individuals and genotyped markers with
high missing information, an indicator of poor genotyp-
ing. Individuals or/and markers with missing information
of greater than 5% and markers with minor allele frequency
(MAF) less than 1% were excluded from further analyses.
Twenty-seven animals and three markers (TGLAS3, HELS
and HAUT27) were excluded from association analyses.
A total of 224 animals and 20 markers with complete
genotype information were available for SICCT test, le-
sion and BM true BTB status, whereas for the culture test
trait, 96 animals and 20 markers with complete genotype
were used in the association analyses.

Figure 1. Left picture: a cattle lung showing presence of visible lesions in the post-mortem examination. Right picture: Arab cattle
(white coat) and Mbororo cattle (dark coat) at the holding facility of abattoirs in southern Chad (photo republished with permission
from [12], Animal Genetics 42: 656-658).
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Empirical proportions of the number of animals exhib-
iting positive status for SICCT, lesion, BM and tissue
culture were obtained. Univariate and multivariate logis-
tic regression models were fitted to the BTB phenotypic
data to assess the effect of age (covariate), sex and breed,
as these are considered common potential risk factors.
The models were then extended to include the effect of a
marker, fitting each marker in a separate model. Each
fitted model took the following form:

TC.
IS M

1-m,

where T is the probability of a phenotype being scored
positive (Y = 1) for animal i, u is overall constant, A is
age (covariate, 1 to 12 years), § is sex (female, male), B;
is breed (Arab, Mbororo), and M; is a marker (alleles: 5
to 14 levels). We assumed no relationships between indi-
viduals. The effect of each allele on a trait was evaluated
based on effect size and associated P-value where a thresh-
old P-value < 0.05 was considered significant. Signifi-
cance of the model was assessed by a likelihood ratio test
comparing the full model to a reduced model (a model
without the marker being tested). The statistical concepts
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including likelihood functions behind a fitting logistic
regressison model in marker-trait association studies in-
volving binary traits can be found in [20]. Model fitting
was conducted using the glm function in R [21].

3. RESULTS

The animal population sampled consisted mainly of
young bulls and old cows, with mean age of 3.64 (SD =
1.03) and 6.16 (SD = 1.42) years for bulls and cows, re-
spectively. Table 1 presents the incidences of various
binary BTB traits of animals tested positive. The inci-
dences of BTB phenotypes were calculated as the pro-
portion of animals that were positive. Out of 224 animals
used in the analyses, there were 29%, 48% and 28%
animals positive for tuberculin skin test, post-slaughter
lesion detected and Bayesian estimate for true BTB dis-
ease status, respectively, whereas for the 96 tissue culture
samples, 52% animals were confirmed for the presence
of acid fast bacilli, an indicator of Mycobacterium sp.

The effect of age on various BTB traits considered is
shown in Figure 2. Age has a significant positive effect
on lesion, Bayesian model estimates for true BTB dis-
ease status and culture.

Table 1. Number of animals tested, number of animals tested positive and proportion of animals tested positive for BTB traits in the

study.
Traitq Number of animals tested Number of animals showed positive Proportion of animals tested positive
SICCT 224 65 0.29
Lesion 224 108 0.48
BM 224 63 0.28
Culture 96 50 0.52

YSICCT = single intra-dermal comparative cervical tuberculin test; Lesion = presence of visible lesion in organs and lymph nodes; BM = Bayesian model esti-

mate of true BTB disease status; Culture = bacteriological tissue culture test.

— e & & & & ¢ ¢ o
0.8
I
(@] -
9
“ 0.4+
0.0 {& ec0e0ee ¢ 000 ¢ ¢ ¢ ¢
T T T T T T
0 2 4 6 8 10
Age
-1 08 & & ¢ & & ¢ ¢ o
0.8
s 2
m
0.4
0.0 {¢ ¢ec000e ¢ ¢0¢ ¢ ¢ & ¢
T T T T T

T
0 2 4 6 8 10

Age

| ©0800 & & 0% & ¢ ¢ o
0.8
=
S 7
]
= 0.4
0.0 {0 ¢0eceee ¢ ¢ ¢ ¢ ¢ o
T T T T T T
0 2 4 6 8 10
Age
{ e o o ees o o &
0.8
e -
]
8 04
_./
00 ® eee o 00009000
T T T T T

T
0 2 4 6 8 10

Age

Figure 2. Effect of age on skin tuberculin test (SICCT), lesion,
Bayesian model (BM) estimates of true BTB disease status

and bacteriological culture test.
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Table 2 presents the number of alleles and the number
of animals genotyped for each marker across the traits con-
sidered. The number of alleles per marker ranged from 5 to
14 with the mean 8.95 (SD = 2.39) alleles, and the average
number of animals genotyped was 224 (SD = 13.27) for
SICCT, lesion and BM, and 95.55 (SD = 5.52) for culture.

Associations between genetic markers and BTB traits
considered are presented in Tables 3-5. Six out of twenty
markers reached chromosome-wise significance level at
P-value < 0.05 associated with at least one trait consid-
ered. Allele frequencies of the markers detected to be
significant ranged from 0.0212 to 0.6220. Alleles 181,
187 and 191 in ILSTS005 were significantly associated
with increasing SICCT test positive (effect size from
1.911 to 2.49) with significant (P = 0.0180) likelihood
ratio (LR) test, whereas alleles 286, 288, 290 and 192 in
ILSTS006 marker were significantly associated with de-

creasing SICCT test (effect size from —3.24 to —1.65)
with significant LR test (P = 0.0221). Allele 183 in
ILSTS005 and 294 and 296 in ILSTS006 had marginally
significant associations with the SICCT test. Allele 87 in
TGLA227 was marginally associated with BM predicted
true BTB (P = 0.0542), while alleles 99 and 81 in the
same marker were slightly significantly associated with
increasing true BTB incidence; however, the LR test was
not significant (P = 0.236). Alleles 102, 106 and 118 in
INRAO35 had significant effects on lesion occurrence,
but allele 108 was marginal (P = 0.0917), with a some-
what more significant LR test (P = 0.0555). Alleles 133
and 141 in BM2113 were significantly associated with
decreasing effect on both lesion occurrence and positive
culture test, although the LR test was not significant.
Alleles 185 and 189 in CSSM66 were significantly asso-
ciated with increasing BTB positive culture test.

Table 2. Number of alleles and number of animals genotyped per marker across BTB traits con-

sidered.
Number of animals
Marker Number of alleles
SICCT test Lesion BM Culture

BM1818 9 211 211 211 89
BM1824 5 232 232 232 98
BM2113 7 240 240 240 101
CSRM60 9 240 240 240 101
CSSM66 9 238 288 238 101
ETHI10 8 237 237 237 101
ETH225 8 236 236 236 101
ETH3 8 240 240 240 101
ETHI152 6 218 218 218 94
ETH185 14 214 214 214 90
ILSTS005 6 200 200 200 85
ILSTS006 10 209 209 209 90
INRA23 12 225 225 225 93
INRA32 10 208 208 208 87
INRA35 7 207 207 207 89
TGLA122 11 212 212 212 98
TGLA126 8 234 234 234 100
TGLA227 10 236 236 236 100
SPS115 7 228 228 228 98
MM12 14 218 218 218 94

YSICCT test = single intra-dermal comparative cervical tuberculin test; Lesion = post-slaughter lesion detected on
various organs and lymph nodes; BM = Bayesian model estimate for the true BTB disease status of all sampled ani-
mals, and culture = bacteriological tissue culture for acid fast bacilli presence in culture confirmed by Zichl-Neelsen

staining metho.

Copyright © 2013 SciRes.
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Table 3. Associations between microsatellite markers and single intra-dermal comparative cervical tuberculin (SICCT) test and
Bayesian model (BM) estimate of true BTB disease status for bovine tuberculosis disease in Chadian zebu cattle.

Traity Marker BTA' P?cslijll)gn Allele fr:qllieefcy i}ei;f:f;gg SE* Z-value P-value’ PL_ 5;1?15;5
SICCT test ILSTS005 10 108.0 179% 0.1400 0.0000 - - - 0.0180
181 0.3100 1.9113 0.7860 2432 0.0150
183 0.3150 1.4316 0.7929 1.805 0.0710
187 0.1700 1.8585 0.8217 2.262 0.0237
191 0.0650 2.4916 0.9268 2.688 0.0072
ILSTS006 7 116.6 284% 0.0574 0.0000 - - - 0.0221
286 0.0383 —2.7276 1.2393 —2.201 0.0277
288 0.0431 —2.7744 1.2272 -2.261 0.0238
290 0.0670 —3.2371 1.2104 -2.674 0.0075
292 0.6220 -1.6306 0.6520 -2.501 0.0124
294 0.1244 -1.3126 0.7443 -1.763 0.0778
296 0.0479 -1.6403 0.9455 -1.735 0.0828
BM TGLA227 18 84.1 77t 0.3875 0.0000 - - - 0.2360

79 0.1209 1.0363 0.8251 1.256 0.2091
81 0.0297 1.3311 0.8107 1.642 0.1006
83 0.0254 1.1795 1.0506 1.123 0.2615
87 0.2246 0.7554 0.3923 1.925 0.0542
89 0.0212 1.2274 0.9953 1.233 0.2175
93 0.1059 -0.0027 0.5709 —0.005 0.9963
97 0.0551 -0.4596 0.8286 -0.555 0.5791
99 0.0297 1.4786 0.8134 1.818 0.0691

9SICCT test = single intra-dermal comparative cervical tuberculin test; BM = Bayesian model estimate for the true BTB disease status; ‘Reference allele com-
paring to regression coefficients; 'Bovine autosomal chromosome; *Genome position in centimorgan (cM), USDA MARC bovine linkage map; *Regression
coefficients due to the regression of the trait on number of copies of an allele in the marker, these regression coefficients are expressed in log odds ratios;
4, . . .5 .. . oL 67 - . .

Standard error of the regression coefficient; P-values for the association between allele in a marker and a trait; “Likelihood ratio test to compare a full model
and reduced model (a model without the marker being tested).

Table 4. Associations between microsatellite markers and lesion for bovine tuberculosis disease in Chadian zebu cattle.

Traitq Marker BTA' PE)CS;:II)(;H Allele frézllllz:cy ieegg cslségg SE* z-value P-value® LR test P-value®
Lesion INRAO035 16 98.8 100* 0.0580 0.0000 - - - 0.0555
102 0.5411 2.0973 0.8656 2.423 0.0154
104 0.0289 0.1613 1.4056 0.115 0.9086
106 0.0387 2.7064 1.1283 2.399 0.0165
108 0.2174 1.4956 0.8869 1.686 0.0917
114 0.0338 1.4089 1.1323 1.244 0.2134
118 0.0821 2.0017 0.9782 2.046 0.0407
BM2113 2 115.4 121 0.0380 0.0000 - - - 0.1888
129 0.3586 —-1.0090 0.7768 —-1.302 0.1931
133 0.1392 —-1.9470 0.8565 -2.276 0.0229
135 0.2827 -1.0533 0.7857 —1.341 0.1801
137 0.0339 —-1.3580 1.0940 —1.241 0.2147
139 0.0970 —1.0411 0.8638 —-1.205 0.2281
141 0.0506 —2.1443 1.0229 —2.098 0.0359

9Lesion = post slaughter lesion detected on various organs and lymph nodes; ‘Reference allele comparing to regression coefficients; 'Bovine autosomal chro-
mosome; “Genome position in centimorgan (¢cM), USDA MARC bovine linkage map; *Regression coefficients due to the regression of the trait on number of
copies of an allele in the marker; 4Standard error of the regression coefficient; >P-values for the association between allele in a marker and a trait; ®Likelihood
ratio test to compare a full model and reduced model (a model without the marker being tested).

Copyright © 2013 SciRes. OPEN ACCESS
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Table 5. Associations between microsatellite markers and bacteriological culture test for bovine tuberculosis disease in Chadian zebu

cattle.

Traitq Marker BTA' Pé)cs]i/t[i)cgn Allele frgqllizlr‘lecy (I:{oeegfg: slselr(;tr; SE* z-value P-value® F{j \I/{a:flsetﬁ
Culture  CSSM66 14 5.13 179* 0.2277 0.0000 - - - 0.0695

181 0.1980 0.7218 0.7057 1.023 0.3063

183 0.1288 0.8771 0.8745 1.003 0.3159

185 0.3168 1.5513 0.6265 2.476 0.0133

189 0.1287 1.9575 0.8302 2.358 0.0184
BM2113 2 115.4 129 0.0990 0.0000 - - - 0.0238

133 0.1090 —2.6136 1.4494 -1.803 0.0714

135 0.1782 0.4093 0.9832 0.416 0.6772

137 0.1584 —2.6136 1.4494 -1.803 0.0714

139 0.1881 —0.2417 1.1387 -0.234 0.8319

141 0.2673 -1.9270 0.8726 —2.208 0.0272

9Culture = bacteriological tissue culture test; *Reference allele comparing to regression coefficients; 'Bovine autosomal chromosome; *Genome position in
centimorgan (cM), USDA MARC bovine linkage map; *Regression coefficients due to the regression of the trait on number of copies of an allele in the marker;
*Standard error of the regression coefficient; P-values for the association between allele in a marker and a trait; *Likelihood ratio test to compare a full model

and reduced model (a model without the marker being tested).

4. DISCUSSION

The aim of the present study was to investigate whether
genetic polymorphisms of microsatellite markers influence
susceptibility/resistance to bovine tuberculosis in African
zebu cattle. We have tested for possible associations be-
tween microsatellite markers and a number of clinical
diagnostic tests for bovine tuberculosis in a Chadian cattle
population. An association study between genetic mark-
ers and bovine tuberculosis (BTB) is an important first
step toward the identification of resistance/susceptibility
genes to BTB. The ultimate goal of such a study is to
identify genetically resistant animals for breeding or cat-
tle keeping purposes and reduce costs of cattle produc-
tion.

The BTB incidence estimates in the present study were
higher than previously reported in the original dataset
(954 animals) by [15,16]. This may be due to the differ-
ence in the number of animals tested in the original
dataset and our subsample dataset. The breed and age of
animals were important risk factors for post-slaughter
lesion presence in this population: the probability of le-
sion occurrence increases with age, and BTB lesions are
more likely be detected in Mbororo breed compared to
Arab breed; this finding is consistent with findings from
the original dataset [16].

We identified six microsatellite markers significantly
associated with at least one BTB trait (see Tables 3-5).
ILSTSO005 (alleles 181, 187 and 191), TGLA227 (allele
87), INRAO35 (alleles 102, 106, and 118) and CSSM66
(alleles 185 and 189) were significantly associated with
increasing effect on SICCT test, Bayesian estimate for

Copyright © 2013 SciRes.

true BTB disease status, lesion and tissue culture test out-
come, respectively. Animals carrying these alleles are
likely to be susceptible to BTB disease. ILSTS006 (alleles
286, 288, 290 and 292) and BM2113 (alleles 133 and
1410) were significantly reducing SICCT, lesion and
culture positive outcomes.

A recent study of genome-wide association which used
high density SNPs (single nucleotide polymorphisms)
has identified three SNPs in a 65 kb genomic region on
chromosome 22 associated with bovine tuberculosis sus-
ceptibility in Irish dairy cattle [14]. This genomic region
has been found to contain gene SLC6A6 which is known
to function in host immune systems. A study on footrot in
sheep revealed animals homozygous at BMC5221 marker
were susceptible to virulent footrot, compared with het-
erozygous individuals [22]. Also, a study in a natural
population of wild pigs observed that individuals with
relatively high homozygosity in a panel of neutral mi-
crosatellite markers were likely to be susceptible to bo-
vine tuberculosis infection [23]. The effect of alleles 286,
288, 290 and 292 in ILSTS006 on SICCT were signifi-
cantly associated with decreasing SICCT test positive,
whereas alleles 133 and 141 in BM2113 were associated
with decreasing lesion presence and tissue culture posi-
tive for BTB disease. Allele 141 in BM2113 showed
consistent association for reducing both lesion presence
and confirmed tissue culture positive in this cattle popu-
lation.

The BM2113 marker is located on BTA2 at 115.4 cM,
and a number of genomic regions within BTA2 have
been linked to resistance/tolerance to parasite and bacte-
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rial disease in cattle. [24] identified loci on chromosome
2 to be associated with tolerance to Johne’s disease in
Holstein cows. NRAMP1 gene, which is also located on
BTA2, was linked to bovine tuberculosis resistance [12].
Furthermore, four loci on BTA2 located from 110 to 126
cM have been found to be associated with bovine viral
disease [25]. It is likely that BTA2 harbours genes or
regulatory genes that are affecting the resistance to infec-
tious disease in cattle. Fine mapping studies of the re-
gions on BTA2 would assist to characterise the loci asso-
ciated with disease resistance. Further immuno-genetic
investigation in and around these genomic regions may
help to understand the genes and downstream innate
immune defence mechanism involved in resistance or
susceptibility to BTB. Once these genes are identified,
selection for these genes could produce significant bene-
fits, particularly through the use of artificial insemination
(Al) from sires with genomic variants associated with
disease resistance.

Breeding for enhanced resistance to infectious disease
such as BTB is also an effective means of improving the
health and fitness of livestock as well as reducing inci-
dence of human TB in both developing and underdevel-
oped countries. The main problem in host genetic studies
for chronic infectious disease with multiple stages such
as BTB is the accurate determination of cases. A dataset
compiled from bacteriological culture results and subse-
quently determining the exact Mycobacterium species by
PCR (polymerase chain reaction) technique would be
considered the gold standard; in this case, genetic mark-
ers can be selected with a high degree of certainty. In
practice, however, large-scale phenotypic data for BTB
using the combined culture test and PCR-based genetic
profiling of a pathogen may not be feasible. The pheno-
typic data used to characterise animals in this study are
more detailed than currently available literature which
reports on genetic resistance/susceptibility to BTB. How-
ever, the limitations of the data made it impossible to
track pedigree information of the animals, as it is not
common practice in many developing and underdevel-
oped countries; therefore, our assumption of no relation-
ships between animals may not be true. In addition, the
number of microsatellite markers used was neither suffi-
cient to cover a large genomic regions nor targeted to a
genomic region of interest.

5. CONCLUSION

The aim of this paper was to investigate a possible as-
sociation between a panel of microsatellite markers and
BTB phenotypes. These phenotypes were a single intra-
dermal comparative cervical tuberculin test performed on
live animals, post-slaughter lesion presence and post-
slaughter tissue culture outcomes, and a Bayesian model
estimate of true BTB disease status in a Chadian cattle
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population. We have identified six markers: BM2113 (B-
TA2), ILSTS006 (BTA7), ILSTS005 (BTA10), CSSM66
(BTA14), INRA035 (BTA16) and TGLA227 (BTA18)
which were significantly associated with at least one
phenotype considered. The effect of alleles in ILSTS006
and BM2113 markers on BTB phenotypes considered
were significantly associated with decreasing BTB disease
incidence; hence they could be considered in a marker-
assisted selection of tolerant animals. However, further
studies with large validation population would be re-
quired to confirm the effect of these alleles. This is the
first study to report association of microsatellite markers
with bovine tuberculosis traits in Chadian cattle.
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