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SUMMARY

The objective of this study was to determine the
molecular pattern of M. bovis isolates from cattle of
Northern Mexico and its relationship with some risk
factors. Isolates (n=60) were obtained from the states of
Coahuila (COA, n=14), Tamaulipas (TAM, n=16), Nuevo
Leon (NL, n=14) and, Baja California and Durango
(DUR, n=16). The risk factors studied were: system of
production (Dairy and beef), state, age, lesion type
(localized and generalized), and type of presentation
(caseous and calcified). Samples were analyzed at the
Regional Laboratory of Monterrey NL, following a
spoligotyping  protocol.  Twenty-five  spoligotypes
belonging to the M. bovis complex were identified.
Eleven (18.3%) isolates presented a unique pattern,
whereas 49 (81.7%) were grouped in 14 clusters. The
largest clusters had 12 and 17 isolates. The average
heterocigosities per state were 21.4% (NL), 15.6%
(TAM), (15.6% COA) and 9.9% (DUR). The genetic
distances of the isolates between states did not show
differences (P > 0.05) when examined by Chi-square
tests. The average genetic diversity (15.6%) was due to
the variation of strains within subpopulations. In this
study an 8.3% difference among states was obtained,
which suggest the idea of a unique strain of M. bovis with
many variants and that the genetic diversity found for M.
bovis could be in part to animal movement between
regions. Statistical analysis did not show association (P >
0.05) between risk factors and strains of M. bovis.

Key words: Bovine tuberculosis; Spoligotypes; M. bovis;
Risk factors.
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RESUMEN

El objetivo de este estudio fue determinar el patron
molecular de aislamientos de M. bovis en ganado del
Noreste de México y su asociacidn con algunos factores
de riesgo. Los aislamientos (n=60) fueron obtenidos de
los estados de Coahuila (COA, n=14), Tamaulipas (TAM,
n=16), Nuevo Leon (NL, n=14) y Baja California y
Durango (DUR, n=16). Los factores de riesgo estudiados
fueron: sistema de produccién (Ganado para carne o
leche), estado, edad, tipo de lesion (localizada y
generalizada), y tipo de presentacion (caseosa Yy
calcificada). Las muestras fueron analizadas en el
laboratorio regional de Monterrey NL, siguiendo un
protocolo para espoligotipos. Veinticinco espoligotipos
pertenecientes al complejo M. bovis fueron identificados.
Once (18.3%) aislamientos presentaron un patrén (nico,
mientras que 49 (81.7%) fueron agrupados en 14
conglomerados. Los conglomerados mas grandes
tuvieron 12 y 17 aislamientos. Las heterocigosidades
promedio por estado fueron 21.4% (NL), 15.6% (TAM),
(15.6% COA) y 9.9% (DUR). Las distancias genéticas de
los aislamientos entre estados no mostro significancia (P
> 0.05), cuando se examino mediante la prueba de Ji-
cuadrada. EI promedio de diversidad genética (15.6%) se
debid a la variacion entre cepas dentro de subpoblaciones.
En este estudio se obtuvo un 8.3% de diferencia entre
estados, lo que sugiere la idea de una Unica cepa de M.
bovis con muchas variantes y que la diversidad genética
encontrada para M. bovis podria ser debida en parte al
movimiento de animales entre regiones. El analisis
estadistico no mostro asociacién (P > 0.05) entre los
factores de riesgo y las cepas de M. bovis.

Palabras clave: Tuberculosis bovina; Espoligotipos; M.
bovis; Factores de riesgo.
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INTRODUCTION

Mycobacterium bovis causes tuberculosis in cattle and
wild animals. Bovine tuberculosis (BT) is a disease
that affects the mobilization and commercialization of
animals and their products, causing millionaire losses
due to the impossibility of exporting cattle to the USA
(Gurria, 1994). Molecular tracking of M. bovis isolates
could help to reinforce epidemiologic studies (Liebana
et al.,, 1997). Spoligotyping technique facilitates the
identification and differentiation among M. bovis
strains compared to other molecular techniques.
Spoligotyping technique has been used to identify
sources of infection, transmission between species and
stability of the strains in populations during long
periods (Aranaz et al., 1996). Genetic diversity has
been observed between M. bovis strains in cattle
populations, associated to nonlethal mutations that
occur in mycobacteria (Cousins et al., 1998) and by
the indiscriminate animal mobilization (Kamerbeek et
al., 1997; Milian-Suazo et al., 2000). Thirty-five
different genetic M. bovis types were found in a study
where 273 strains were grouped by region. However,
in another study, the same strain was found during 10
years in a milk operation (Cousins et al., 1998). In
central Mexico a study with 62 M. bovis isolates using
the spoligotyping technique showed certain variability
between regions (Milian-Suazo et al., 2000). The
objective of this study was to determine the molecular
pattern of M. bovis isolates and its association with
risk factors in cattle from the Northern region of
Mexico.

MATERIAL AND METHODS
Isolates

Sixty isolates from dairy and beef cattle from four
states of the North of Mexico: Coahuila (h = 14),
Tamaulipas (n = 16), Nuevo Leon (n = 14) and Baja
California and Durango (n = 16) were selected for
molecular analysis. The isolates were obtained
between 2004 and 2006 from animals with lesions
compatible with bovine tuberculosis (BT). The isolates
were donated by the Regional Laboratory of the
Committee for the Foment and Cattle Protection in
Nuevo Leon.

The strains of M. bovis were isolated from lymphatic
ganglia and organs of suspicious animals of infection
with bacteria of the tuberculosis complex specifically
M. bovis. From each strain a small sample was taken
from the colony and transferred to tubes of 15 ml
containing distilled water (1 ml) and 3 or 4 glass
pearls, previously sterilized. Then the solution was
shaken in a vortex for 10 to 20 seconds to disintegrate
the bacterial culture; after that 0.15 ml were taken with
a pipette and inoculated into a solid culture medium
(Middlebrook and Stonebrink) specific for M. bovis.
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At the same time control strains of M. bovis BCG, M.
tuberculosis (H37Rv) and a negative control were
worked.

DNA extraction

The DNA extraction was made according to Morales
et al. (2005) using detergent enzymes. A sample with a
loop was taken from the bacterial culture in an
Eppendorf tube of 1.5 ml with buffer TE 1X pH 8§,
inactivated at 80 °C for 30 min and let to cool off; then
50 pl of lysozyme (Amersham Pharmacia Biotech)
was added to a concentration of 10 mg/ml, and
incubated during one hour. Next 75 pl of sodium
dodecil sulphate (SDS) were added at 10% plus 10 pl
of K proteinase (Invitrogen) using a concentration of
20 mg/ml. After that the sample was homogenized and
incubated at 65 °C for 3 h; 100 pl of NaCl 5 M were
added to the dample which was shaken and mixed with
100 pl of CTAB (10 mM Tris-HCI pH=8, 20 mM
EDTA, 14 M NaCl, 1% PVP and 2% CTAB)
previously warmed at 65 °C. Next it was shaken and
incubated at 65 °C for 10 min.

The tubes were incubated for 5 min in boiling water to
inactivate enzymes and 750 pl of a chloroform
solution isoamilic alcohol 24:1 (SEVAG) was added.
The solution was homogenized by shaking and
centrifuging at 10,000 rpm for 6 min. The supernatant
(600 I approximately) was transferred to a new tube
without taking the intermediate phase. Zero point six
volumes of isopropanol were added (360 pl
approximately) to precipitate nucleic acids. The
samples were incubated at 20 °C for 30 min and later
were centrifuged at 10,000 rpm for 15 min Most of
supernatant was poured off. One milliliter of 70% cold
ethanol was added and later centrifuged at 10,000 rpm
for 5 min. The supernatant was poured off, air- drying
the DNA to room temperature; the DNA was
suspended in 20 pl of TE buffer pH=8 at a
concentration of 1X and incubated 30 min at 65 °C.
Finally the sample was stored at -20 °C until its use.

Molecular analysis protocol

Spoligotyping was carried out following the protocol
described by Kamerbeek et al. (1997). Briefly, DNA
was amplified with AmpliTag DNA Polymerase
(Bioline, Inc.) in a 50 uL PCR mix, containing 5 pl of
10x reaction buffer (160 mM (NH4)2S04, 670 mM
Tris-HCI (pH 8.8 at 25°C), 0.1% stabilize)-, 1.5 mM
of MgCl,, 0.2 mM of each dNTP, 25 pmol of each
oligonucleotide primer (DRa 5 *- GGT TTT GGG
TCT GAC GAC -3' marked with biotin at 5’-end, and
DRb 5' - CCG AGA GGG GAC GGA AAC-3) and 5
pl, (100-200 ng) of template DNA. The mixture was
heated in a PCR Express (ThermoHybaid, UK) at 96
°C for 3 min and subjected to 35 cycles of denaturation
at 96 °C for 1 min, annealing at 55 °C for 1 min and
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extension at 72 °C for 35 sec followed by a final
extension of 72 °C for 5 min.

The amplified DNA was visualized through
electrophoresis in a SDS-polyacrylamide 6% gel
stained with ethidium bromide, at concentration of 10
mg/ml, at 100 V for 90 min. Twenty pl of PCR
product was added to 150 pl of 2X SSPE-0.1% SDS
and heat denatured at 99 °C for 10 min, and applied to
a nylon membrane to which 37 spacers sequences
from M. tuberculosis and six spacer sequences for M.
bovis BCG were covalently bound (ISOGEN,
Maarssen, The Netherlands). This membrane was then
placed in a miniblotter MN45 (Immunetics;
Cambridge, MA) in such a way that the slots were
perpendicular to the line pattern of the previously
applied oligonucleotides. The membranes were then
incubated in 10 ml of 2X SSPE-0.5% SDS plus 5 pl of
streptavidin-peroxidase conjugate for 45 min at 42 °C.
Hybridized DNA was detected with the ECL detection
liquid (Amersham Biosciences; Piscataway, NJ); and
by exposing the ECL-film (Kodak Istman) to the
membrane for 12 min. The control strains were
included in the molecular analysis.

Risk factors

The risk factors evaluated were: production system
(meat and milk), state (COA, TAM, NL and DUR),
group of age (1-2, 3-4, 5-6 and 7-15 years), type of
presentation (localized and generalized) and type of
lesion (caseous and calcified). All the factors were
registered in the field sheets of the TIF sent with the
samples to the Central laboratory. Each isolated strain
was related to some factor through the count of bands
obtained from the membrane of 37 spacers of
sequences for M. tuberculosis and six spacers of
sequences for M. bovis. These factors were later
analyzed to know the epidemiological association
between the factors and the molecular patterns of the
cattle isolates of Northern Mexico.

Statistical analysis

Marking as 1 the presence and 0 the absence of bands
in the molecular patterns of the isolates, a matrix of 0’
sand to 1's was built in Excel which was used in the
analysis of comparison of pairs of isolates to obtain the
matrix of genetic distances (Nei and Li, 1979). The
distances were used in a cluster analysis using the
unweighted-pairwise-group method average
(UPGMA) to obtain the dendogram showing the
molecular tree. Also, the dendogram was analyzed to
determine if  the related isolates  were
epidemiologically grouped.

The genetic diversity between subpopulations or
categories of the risk factors was measured using the
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formula: Gst = Dst/Hr; where: Ggr measures the
proportion of the genetic diversity due to differences
between subpopulations; Dst is the genetic diversity
between subpopulations; Hy is the total genetic
diversity in the 60 isolates = Hs + Dsr; and Hs it is the
genetic diversity within subpopulations. All the
statistical analyses were made with the POPGENE
program (Yeh et al., 1999).

Finally, the samples were classified as grouped, when
they were isolated and clustered by UPGMA method,
or not grouped when the strain was isolated but did not
belong to any cluster or it was considered as a unique
isolate. To determine the association of risk factors
with grouped or non-grouped isolates, the exact Fisher
test was used (SAS, 2002).

RESULTS
Molecular typing

The dendogram with the population structure of the
isolates of M. bovis is shown in Figure 1. Twenty-five
patterns of spoligotypes were obtained from the 60
isolates; eleven (18.3%) isolates were represented by a
unique pattern, whereas 49 (81.7%) were grouped in
14 conglomerates. The largest conglomerates had 12
and 7 isolates.

Diversity and genetic distance

Total genetic diversity (Hy =15.6%) could be
attributed to the variation of the strains within the
subpopulations, since only one small contribution of
the total variation (1.14 to 8.30%) came from
difference between subpopulations.

The genetic differences between isolates classified by
risk factor such as production system, region, age,
presence of disease and type of lesion are shown in
Table 1. The average heterocigosity between the
subpopulations varied from 9.9% in the DUR
subpopulation to 21.4% in the NL subpopulation.
Thirty-five of the 43 markers (81.4%) used were
polymorphic. The genetic distances were small and no
significant.  The  greatest variation  between
subpopulations (Gst=8.3%) corresponded to the
difference between states (Table 1); which indicates
that only 8.3% of the total variation is explained by the
difference of strains between regions and 91.7% by the
variation of strains within regions. Figure 1 shows that
the strains of a region or state could have different
genotypes, whereas some of the regions present a
similar genetic pattern.
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1DUR CAGE
2DUR LE GE
3DUR LE GE
4 DUR LE GE
5DUR LE GE
6 DUR CAGE
10 TAMCALO
15 TAM LELO
17 COA LE GE
20 DURCALO
23DURCALO
35 NLCAGE
24 DUR CALO
27 DUR CALO

40 COACALO
52 TAM CA GE
49DURCALO
55 NLCAGE
59 COA LE GE

7 TAM CALO
28 TAM CA GE
41 COACALO
14 NL LE GE
26 TAM LE GE
19 NLCALO
36 TAM CALO
21 NLCALO
29 TAM CA GE
31 TAM CAGE
33 NL LELO
37 COA LE GE
46 COACALO
48 DUR LE GE
50 COA LE GE
57 TAM CA GE
53 TAM LELO
58 DUR CA GE
43 COACAGE
44 COACALO
13 NLCALO

8 NLCALO

9 NLCALO
12 NLCALO
32 DUR CAGE
45 COA LE GE
56 TAM LE LO
16 TAM CA GE
22 NL LELO
34 TAM LELO
25 COA LELO
51 TAM LE LO
38 COACALO
39 COACALO
60 DURCALO
18 NLCAGE
30 NLCAGE
— 42 COA LE GE
54 TAM LE LO
47 DUR LELO
11 NLCALO

T

T

o |

Figure 1. Spoligotyping patterns of M. tuberculosis in 60 isolates of cattle of Cohauila (COA), Durango and Baja
California (DUR), Nuevo Leon (NL) and Tamaulipas (TAM) by production system: Milk (LE) of beef (CA), and
Type of lesion: Localized (LO) or generalized (GE).
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Table 1. Heterocigosity and genetic distance between
México

subpopulations of M. bovis isolates in cattle of Northern

Production system

Polymorphism Rank of distances of Nei

n na ne H No %
Milk 23 158 1.22 0.1468 25 58.14
Meat 37 1.79 1.23  0.1583 34 79.07 - 0.0011
Ht Hs Gst Nm
60 0.154 0.153 0.0119 41.67 35 81.40
State n na ne h
DUR* 16 151 1.36  0.0987 22 51.16
Coahuila 14 151 1.19 0.1239 22 51.16
Tamaulipas 16 1.54 1.22 0.1404 23 53.49
Nuevo Ledn 14 1.79 1.33 0.2136 34 79.07 0.0068 0.0461
n Ht Hs Gst Nm
60 0.1572 0.1441 0.0830 553 35 81.40
Age (Years) n na ne h
1-2 11 1.37 1.21  0.1292 16 37211
3-4 14 1.77 1.27 0.1770 33 76.74
5-6 23 1.54 1.24 0.1574 23 53.49
7-15 12 156 1.18 0.1279 24 55.81 0.0004 0.0047
n Ht Hs Gst Nm
60 0.1532 0.1479 0.0345 13.98 35 81.40
Presence of disease n na ne h
Localized 32 181 1.27 0.1777 35 81.40
Generalized 28 1.56 1.78 0.1214 24 5581 - 0.0064
Ht Hs Gst Nm
60 0.1537 0.1495 0.0274 17.74 35 81.40
Type of injury n na ne h
Caseosa 38 1381 1.25 0.1637 35 81.400
Calcified 22 154 1.20 0.1372 23 5349 = - 0.0008
Ht Hs Gst Nm
60 0.1522 0.1505 0.0114 43.19 35 81.40

DUR= Baja California-Durango; na = number of observed bands; ne = effective number of bands; h= heterocigosity;
Ht= total heterocigosity; Hs = genetic diversity between populations; GS = proportion of the distributed genetic

diversity between populations.

Risk factors

The results of the molecular analysis of M. bovis for
the subpopulations of isolates are presented in Table 2.
The statistical analysis of the data did not show
significant association between the risk factors
investigated and grouped and non grouped strains.

DISCUSSION
Molecular typing of M. bovis

The dendogram of Figure 1 shows a wide genetic
variability between isolates, since 81.4% of the strains
were polymorphic. In other studies, genetic diversity
(heterocigosity) of M. bovis has been related to the
populations throughout the indiscriminate movement
of cattle between the regions of a country (Milian-
Suazo et al., 2000). However, this would be possible if
differences of strains between regions existed, which
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would affect their frequencies, due to infections of
local animals by strains of imported animals. The
results of this study do not support this hypothesis. On
the contrary they suggest that samples belong to a
clone population (unique strain) with wide genetic
diversity, as has been suggested by Vazquez-Marrufo
et al. (2008). Therefore, the similar genetic patterns of
the isolates suggest a common source of infection
(Salamon et al., 2000). The method of typing and the
number of fragments included in the statistical analysis
may affect the similarity of the fingerprinting (Van
Embden et al., 1993).

Diversity and genetic distance

The analyses of the genetic distances between isolates
from each category of the risk factors (production
system, region, group of age, etc.) did not show
statistical differences between strains. This supports
the idea that the genetic diversity of M. bovis it
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probably due to the indiscriminate movement of
animals between regions of a country (Perumaalla et
al.,, 1996) and to the form in that the bacterium is
disseminated. The theory of the molecular typing
establishes that epidemiologically related isolates are
derived from the clone expansion of a single precursor
and, as a result, have common characteristics that
differ from those that are unrelated epidemiologically
(Maslow and Mulligan, 1993). The use of a particular
characteristic for typing is related to its stability within
a strain and its diversity within the species; therefore,
it is expected that strains of the same region are more
related than strains from different regions.
Nevertheless, those studies and one in Central Mexico
(Milian-Suazo et al., 2002) show that this it is not the
case for the M. bovis strains in Northern Mexico.

Table 2. Risk factors associated with clusters of strains
of M. bovis.

Conglomerate Non- P
strains conglomerate
strains

State 1.00
Baja California- 13 3

Durango

Coahuila 12 2

Tamaulipas 13 3

Nuevo Leon 11 3

Age (Years) 0.33
1-4 22 3

5-15 27 8

Production system 0.73
Milk 18 5

Meat 31 6

Type of lesion 0.20
Located 29 4

Generalized 20 7

Type of Presentation 1.00
Caseous 31 7

Calcified 18 4

Risk factors

In this study was not possible to identify any pattern
based on the strains categorized as grouped and not
grouped. However, it has been shown that the genetic
diversity of M. bovis strains is present even though
animal mixture of different origin does not exist,
which differs from previous reports (Perumaalla et al.,
1996). In goats, there is not significant differences in
the distributions by sex and age, although there were
marked differences by geographic distribution (Kubica
et al., 2003). It was expected that age was an important
risk factor but our results do not support this. This
probably was due to the culling process of animals,
which maintains prevalences similar between age
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groups. Conversely, in countries like Great Britain and
Ireland (Hewinson et al, 2006) geographic
distribution of spoligotypes has been observed. In
Mexico, an association between the patterns of
spoligotypes and geographic location has not been
notified.

CONCLUSION

The isolates classified by region, group of age,
production system, type of lesion and type of
presentation did not show independence which
suggests a common origin of the M. bovis strains.
Although the diversity of M. bovis isolates is wide, it
does not follow a geographic pattern. It was not
possible to identify risk factors based on the strains
being categorized as grouped and not grouped.
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