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a b s t r a c t

Spoligotyping is the most frequently used method for genotyping isolates of Mycobacterium bovis world-
wide. In the current work, we compared spoligotypes from 1684 M. bovis isolates from Argentina (816),
Brazil (412), Chile (66), Mexico (274) and Venezuela (116), obtained from cattle, humans, pigs, wild boars,
farmed deer, goats, buffaloes, cats, and wild animals. A total of 269 different spoligotypes were found:
142 (8.4%) isolates presented orphan spoligotypes, whereas 1542 (91.6%) formed 113 different clusters.
In cattle, SB0140 was the most representative spoligotype with 355 (24.6%) isolates, followed by SB0121
with 149 (10.3%) isolates. Clustering of spoligotypes ranged from 95.2% in Argentina to 85.3% in Mexico.
Orphan spoligotypes were also variable, ranging from 23.7% in Mexico to 4.1% in Brazil. A large proportion
of spoligotypes were common to the neighboring countries Argentina, Brazil and Chile. In conclusion,
despite the diversity of spoligotypes found in the five countries studied, there are major patterns that pre-
dominate in these neighboring countries. These clusters may reflect a long-lasting active transmission of
bovine tuberculosis or common historical origins of infection.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

In Latin America, especially in South America, meat and milk are
essential products for internal consumption and exportation.
Therefore, eliminating diseases that limit the trade of animals
and their products is a priority in this region. The cattle population
in Latin America has been estimated in 450 million heads, 51 of
which are in Argentina, 189 in Brazil, 4.1 in Chile, 13.5 in
Venezuela and 30 in Mexico (de Kantor and Ritacco, 2006). About

262 million cattle live in countries with more than 1% prevalence
of tuberculosis (TB) (de Kantor and Ritacco, 2006).

Bovine tuberculosis (BTB) is an infectious disease mainly caused
by Mycobacterium bovis, which affects a wide range of mammals,
including humans (Amanfu, 2006). M. bovis is a member of the
M. tuberculosis complex (MTBC), which also includes M. tuberculo-
sis, M. africanum, M. canetti, M. microti, M. caprae and M. pinnipedii.

Tuberculosis in cattle is endemic in Latin America; therefore, al-
most every country has a tuberculosis control and eradication pro-
gram (some quite successful) dealing with this disease. In
Argentina, for example, the proportion of carcasses condemned be-
cause of TB decreased from 6.7% in 1969 to 1.1% in 2005 (de Kantor
and Ritacco, 2006; Torres, 2009). The prevalence of the disease is
not uniform in this region: Chile is divided into two zones: the con-
trol zone in the north with 13.7% prevalence and the eradication
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zone in the south with 0.34% prevalence (SAG and Censo Agropec-
uario, 1997). A countrywide survey in Venezuela showed an aver-
age incidence of 0.09% of tuberculin reactors (WAHID, http://
www.oie.int/wahis/public.php?page=home). In Mexico, the preva-
lence of TB in eradication areas has been reduced to 0.01%, whereas
in central and south areas, the prevalence is about 2%; neverthe-
less, the prevalence in dairy areas is much higher (http://www.sen-
asica.gob.mx). In Brazil, the prevalence of tuberculin reactors to the
caudal fold tuberculin tests in 2004 ranged from 0.4% in the South-
eastern region to 3.6% in the Northern region (Roxo, 2005; de Kan-
tor and Ritacco, 2006). Under the assumptions of the programs,
lesions identified at slaughter are then sent to the laboratory for
microbiological analysis and, in some cases, for spoligotyping of
the M. tuberculosis complex for epidemiological purposes.

In Argentina, the control strategy is based on the Caudal Fold
Skin Test (CFT), mainly in dairy herds, and slaughter surveillance.
In Mexico, the prevalence of TB is established by the CFT, and, in
some cases, a double comparative tuberculin test is also carried
out to avoid false positives. In Venezuela, a national bovine TB con-
trol Program is currently in place. Annually, about 300,000–
500,000 cattle are tested with the CFT, and reactors (less than
0.04%) are sacrificed. M. bovis has been isolated from tuberculin-
positive bovines after post-mortem inspection of reactors in the
slaughterhouse. In Chile, BTB surveillance is applied at the slaugh-
terhouse and during certification of BTB-free status of dairy herds.
The test used to certify BTB-free herds is the CFT, performed by
accredited veterinarians. Cattle that are classified as positive to
the CFT test are re-tested using the comparative cervical tuberculin
(CCT) test. Organ and/or tissue samples isolated during surveil-
lance at the slaughterhouse are sent to the laboratory for confirma-
tion. The official laboratory tests established by the Chilean
Livestock and Agricultural Service (SAG) are culture and/or Real
Time TaqMan PCR specific for M. bovis (Roche-Chile). Brazilian pol-
icies regarding the control and eradication of BTB include the Na-
tional Plan for the Control and Eradication of Bovine Brucellosis
and Tuberculosis (PNCEBT), written in 2001 and reviewed in
2004, which is based on slaughter of all animals reactive to the
tuberculin tests.

Currently, methods for genotyping M. bovis and other M. tuber-
culosis complex species include RFLP (Otal et al., 1991; Collins
et al., 1993) and VNTR (Haddad et al., 2001); however, up to
now, spoligotyping is the best option for large-scale screening
studies on the distribution of M. bovis strains (Kamerbeek et al.,
1997). Theories of molecular fingerprinting establish that epidemi-
ologically related isolates have similar fingerprints that differ from
those epidemiologically unrelated (Maslow et al., 1993). A desir-
able characteristic for typing is related to its stability within a
strain and its diversity within a species. Although Spoligotyping
may fulfill these characteristics in some cases, other typing
methods such as VNTR have to be performed to discriminate
isolates, especially in settings where one spoligotype is largely
predominant.

Previous studies have shown a wide diversity of M. bovis spoli-
gotypes in cattle populations in Latin American countries. For
example, different spoligotypes of M. bovis have been found in dif-
ferent regions of Argentina, Brazil, Uruguay and Mexico (Zumár-
raga et al., 1999; Milián-Suazo et al., 2002; Rodríguez et al.,
2004). In some cases, the indiscriminate movement of animals be-
tween regions has been indicated as the most probable source of
this diversity.

Therefore, the objective of this study was to perform an initial
assessment of the regional distribution and population structure
of M. bovis in some Latin American countries. The M. bovis spoligo-
types obtained from isolates from cattle and other species from
Argentina, Brazil, Chile, Mexico and Venezuela were included in
the study.

2. Materials and methods

2.1. Isolates

A convenience sampling approach was undertaken. A total of
1684 M. bovis isolates were spoligotyped. Most of the spoligotypes
included in the study have not been previously reported. Isolates
were from Argentina (n = 816), Brazil (n = 412), Chile (n = 66), Mex-
ico (n = 274), and Venezuela (n = 116).

About 202 out of the 816 spoligotypes of Argentina have been
previously reported (Zumárraga et al., 1999; Zumarraga et al.,
2009; Barandiaran et al., 2011). Of the Brazilian isolates, 113 out
of the 412 have been already described with their spoligotypes
(Rodríguez et al., 2004) whereas 65 of these 412 isolates had been
described in another paper with no spoligotypes reported (Parre-
iras et al., 2004). Fifty-seven out of the 274 of the spoligotyped iso-
lates from Mexico have been previously reported (Milián-Suazo
et al., 2002; Cobos-Marín et al., 2005).

Spoligotypes in this study came from cattle (1445), humans
(109), pigs (77), wild boars (3), farmed deer (6), goats (7), buffaloes
(4), cats (24), and wild animals (9). All cattle and pig isolates came
from slaughterhouses. Human isolates came from hospital labs
that tested samples for TB. Goats, buffaloes and farmed deer iso-
lates came from animals necropsied at the farms. Isolates from
wild animals (armadillos, coatis, foxes, monkeys, opossums, pu-
mas, rats and wild boars) came from animals necropsied in the
field. Isolates from cats came from animals examined or necropsied
at veterinary service units or at veterinary units at universities. The
isolate from the puma came from an animal necropsied at a zoo.

A complete list of isolates and the epidemiological information
collected with data about the spoligopattern, the spoligotype inter-
nal number, the original sample number, the country, state/depart-
ment/province, location of slaughterhouse or isolation, host,
microbiologist in charge of the isolation, and year of isolation is
shown in Supplementary Table S1.

The tissue samples were decontaminated and cultured in Stone-
brink culture media and incubated at 37 �C. The DNA was prepared
from colonies by suspending them in 200 ml of distilled water and
boiling at 100 �C for 10 min.

2.2. Spoligotyping assays and analysis

A total of 1684 isolates were spoligotyped by all participating lab-
oratories, following Kamerbeek et al. (1997). In the case of Argentina,
Chile and Venezuela, data were provided by a single laboratory. In
the case of Brazil and Mexico, data came from two different labora-
tories. Spoligotypes were performed either on Isogen (Temse, Bel-
gium) membranes until 2005 or Ocimum (Hyderabad, India)
membranes, after 2005. Spoligotypes were collected in a binary for-
mat in an excel database, which was then introduced into Bionumer-
ics� (Version 3.5, Applied Maths, Sint-Martens-Latem, Belgium) to
perform a cluster analysis by pairwise similarities and to obtain a
similarity matrix with the Dice coefficient. A dendrogram was con-
structed with the Unweighted Pair Group Method with Arithmetic
Mean (UPGMA). The cophenetic coefficient was estimated with the
same program to measure how faithfully a dendrogram preserves
the pairwise distances between the original unmodeled data points.

Mycobacterium bovis DNA was prepared from colonies by sus-
pending them in 200 ll of distilled water and boiling at 100 �C
for 8 min.

Spoligotypes were compared with the M. bovis spoligotypes con-
tained in the www.mbovis.org database from the University of Sus-
sex, UK. For the purpose of this study, a unique spoligotype was
defined as that observed only once in a country, an orphan spoligo-
type was that observed only once in the study, and an exclusive
spoligotype was that observed in only one country.
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Statistical analysis: The discriminatory index (D) described by
Hunter and Gaston (1988) and expressed by the formula of Simp-
son was calculated to determine the discriminatory power of spol-
igotyping in each country (http://insilico.ehu.es) (Rodríguez et al.,
2010). This index is given by the equation:

D ¼ 1� 1
NðN � 1Þ

Xs

j¼1

xjðxj � 1Þ

where N is the total number of strains in the sample population, s is
the total number of types described, and xj is the number of strains
belonging to the jth type (Hunter and Gaston, 1988). This index is
based on the probability that two unrelated strains sampled from
the test population will be placed into different typing groups (Hun-
ter and Gaston, 1988).

The results were statistically treated by using contingency ta-
bles and chi-square test. The analysis was performed by GraphPad
Prism version 5.00 for Windows (GraphPad Software, San Diego,
California, USA).

3. Results

A total of 269 spoligotypes were obtained from the 1684 iso-
lates studied, 142 (8.4%) of which were orphan, and 1542 (91.6%)
formed 102 clusters of at least two isolates (Table 1). A total of
217 spoligotypes with a maximum of 8 isolates (0.5%), grouping
a total of 72 (6.3%) isolates, including the orphan spoligotypes
(n = 142), were found (Fig. 1). The higher diversity was observed
in Venezuela.

As a next step, separated analysis per species or group of species
was performed.

3.1. Cattle isolates

When compared to spoligotypes in the www.mbovis.org data-
base, the largest cluster (n = 355, 24.6% of isolates) was identified
as spoligotype SB0140 (Table 2), one of the most frequent spoligo-
type reported worldwide, especially in Europe, and a predominant
spoligotype in the British Islands and countries where British
breeds have been introduced (Smith et al., 2006, 2011). The second
largest cluster (n = 149, 10.31%) was spoligotype SB0121, fre-
quently reported in France (Haddad et al., 2001), Spain (Rodríguez
et al., 2010) and Portugal (Duarte et al., 2008). The distribution of
isolates by country and province is shown in Fig. 2. In every coun-
try, isolates were collected in at least five districts and in different
locations within the district. Concerning the representation of re-
gions, we assessed this point by comparing the distribution of cat-
tle in the country, as reported by local authorities or by FAO, with
sampling locations in every country (Supplementary Fig. S1). In
Argentina, Brazil and Chile, sampling correlated with cattle den-
sity. In Venezuela, the sampling was centered only in a state with
high cattle farming activities. In Mexico, sampling occurred in
many but not all states. However, a representative sampling was
not assured in any of the countries studied.

The presence of isolates in clusters within the different coun-
tries was overall high, ranging from 96.9% in Argentina to 95.1%
in Brazil, 95.2% in Chile, 81.7% in Mexico and 89.3% in Venezuela
(Table 2).

The frequency of isolates with orphan spoligotypes found in
cattle was 4.1% (n = 26) for Argentina, 4.1% (n = 17) for Brazil,
4.7% (n = 3) for Chile, 18.8% (n = 45) for Mexico and 10.7% (n = 11)
for Venezuela (Table 2). Mexico and Venezuela have a high propor-
tion of orphan spoligotypes.

The proportion of spoligotypes clustered exclusive for the coun-
try and for cattle was 16.9% (n = 10) for spoligotypes of Argentina,
43.0% (n = 22) for those of Brazil, 37.5% (n = 3) for those of Chile,

30.9% (n = 26) for those of Mexico and 30.0% (n = 6) for those of
Venezuela.

The percentage of isolates included in exclusive spoligotypes
was highly variable, ranging from71.8% in Venezuela to 9.23% in
Argentina (P < 0.05) (Table 2). The most frequent exclusive spoligo-
type (SB1862) was observed in Venezuela, representing 26.2% of
the isolates.

The analysis of temporal clustering is only valid in Argentina
and Mexico. In the other countries, a significant sampling was per-
formed in few years. At least 20 samples per year were taken in
Argentina and Mexico between 1994 and 2009 and between
1996 and 2006, respectively. In Argentina, SB0140 was the most
prevalent spoligotype every year, except in 1995, 1997, 2003 and
2007. In Mexico, the situation was much more fluctuating.
SB1112 predominated in the samples of the first three years and
SB0673 predominated in the ones of the last two years. In spite
of the overall predominance of SB0121, it was the most identified
type only in 2004 (data not shown).

3.2. Other farmed animals (buffaloes, goats, deer, pigs)

Isolates from 94 animals from species other than cattle, mostly
from Argentina, were also typed. SB0140 grouped 55% of these iso-
lates. Clustering in this species group was lower than in bovines.
Interestingly, SB0295, predominant in cattle from Brazil, was pres-
ent only in buffaloes from Argentina (Supplementary Table S1). Se-
ven spoligotypes exclusive of pigs, most of which were orphans,
were found (Table 2).

3.3. Mycobacterium bovis isolates from humans

The percentages of human isolates found were 7.6% (n = 62) in
Argentina, 13.6% (n = 35) in Mexico and 10.3% (n = 12) in Venezuela
(Table 2). From these, 57 (92%), 12 (32%), and 12 (17%) had spoli-
gotypes found in cattle, suggesting zoonotic transmission. In Mex-
ico and Venezuela the proportion of exclusive for the country and
for human was much higher than in Argentina. Interestingly, 31
spoligotypes were exclusive of humans (SB1042, SB1413, SB1060,
SB1043 and SB1046 in Argentina; SB1852, SB1851, SB1850,
SB1849, SB1846, SB1841, SB1840, SB1839, SB1838, SB1837,
SB1836, SB1834, SB1833, SB1831, SB1830, SB1829, SB1828,
SB1827, SB1826, SB1825 and SB1824 in Mexico; and SB1866,
SB1857, SB1856, SB1855 and SB1854 in Venezuela). In Mexico, a
low level of clustering was observed and is particularly interesting
that many orphan and exclusive spoligotypes from humans were
found in the state of Querétaro (SB1824, SB1825, SB1826,
SB1827, SB1828, SB1829, SB1830, SB1831, SB1834, SB1833,
SB1836, SB1837, SB1838. SB1839, SB1840, SB1841, SB1849,
SB1850, SB1851 and SB1852) and in Delta Amacuro in Venezuela
(SB1854, SB1856 and SB1857). Moreover, in Mexico, SB0121,
which accounts for 10.6% of cattle isolates, was not found in the
35 isolates included in this study.

3.4. Cat isolates

These isolates were collected only in Argentina. Eleven out of 24
isolates from urban cats presented spoligotype SB0140 (Table 2).
The spoligotype SB1165 found in one cat in Argentina matched
the spoligotype of seven isolates from cattle in Mexico. Two spoli-
gotypes were orphan and exclusive of cats in Argentina (Table 2).

3.5. Wild animals (rat monkeys, opossums, pumas, coatis, wild boars,
armadillos)

Nine isolates from these wild animals, most of which were from
Argentina, were genotyped. Only two of these spoligotypes
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matched SB0140, the spoligotype most frequently found in cattle
(Table 2).

3.6. Regional distribution of M. bovis across species and countries

A total of 1101 (65.3%) isolates had spoligotypes shared by at
least two countries (Table 3). Twenty-six percent of the isolates
(n = 447 with 17 spoligotypes) were observed in two countries.
One spoligotype, SB0121 (n = 150), was observed in three coun-
tries: Brazil (29.1%), Mexico (10.6%) and only once in Venezuela.
Two spoligotypes (SB0140 and SB0120) were shared by four coun-
tries, grouping 29.8% of the isolates (n = 504). SB0140 was found in
all countries except Venezuela, whereas SB0120 (the BCG spoligo-
type) was found in all countries except Chile, although a limited
number of isolates was studied in Chile.

SB0140 was the genotype most frequently observed in Argen-
tina (45%) and Chile (68.2%), but it was considerably less frequent
in Brazil (5.6%) and Mexico (4.7%). No spoligotype was observed in
all five countries (Table 3).

Regarding spoligotypes shared by neighboring countries, i.e.,
Argentina, Brazil and Chile, only one (SB0140) was common to
the three countries (Table 3). Argentina and Brazil shared ten spo-
ligotypes (SB0120, SB0131, SB0140, SB0267, SB0274, SB0288,
SB0295, SB0484, SB1033 and SB1055), Argentina and Chile shared
two spoligotypes (SB0140 and SB0990), and Brazil and Venezuela
shared two spoligotypes (SB0121 and SB0120). Comparing spoligo-
types from non-neighboring countries, there were common spoli-
gotypes between Chile and Brazil (n = 1), Brazil and Mexico

(n = 4), Mexico and Chile (n = 1) and Mexico and Venezuela
(n = 2) (Table 3).

It is interesting that 31%, 24% and 22% of all exclusive spoligo-
types from Argentina, Mexico and Venezuela were found only in
hosts other than cattle, suggesting either clonal circulation among
non-cattle species or an incomplete coverage of relevant clones in
cattle.

3.7. Discriminatory index

The discriminatory index of spoligotyping estimated in this
study was 0.76 for Argentina, 0.85 for Brazil, 0.51 for Chile, 0.97
for Mexico, and 0.86 for Venezuela. These results are related to
the size of the clusters found in each country; however, it seems
that in Chile the usefulness of the genotyping method is limited.

3.8. Relationship between spoligotypes

To estimate the relationship between spoligotypes, a dendro-
gram (Fig. 3) was built using Bionumerics�. Three main families
of spoligotypes, designated A, B and C, were found.

Spoligotypes of family A (n = 103) had a similarity of more than
83% (72% of cophenetic coefficient) and grouped 849 (50.4%) iso-
lates (Argentina 63%, Brazil 12%, Chile 94%, Mexico 61% and Vene-
zuela 46%). The most prevalent spoligotype (SB0140) and the
spoligotypes with prevalences between 0.6% and 2.5% (SB0145,
SB0484, SB1862, SB1861, SB0673, SB0269, SB1033, SB0663,
SB1112 and SB1186) belonged to this family (Fig. 3). Interestingly,

Table 1
Distribution of spoligotypes in each country.

Total of
isolates

Total of
spoligotypes

Total of exclusive
spoligotypes (%)
<N� isolates and %>

Unique spoligotypes Clustered spoligotypes Total of clustered
isolates (%)

Major
spoligotype
(N� of
isolates and
%)

Orphans Shared with
other countries

Exclusive for
the country

Shared with
other countries

Argentina 816 79 61 (77.2%)
<152; 18.6%>

42 2 19 16 780 (94.6) SB0140
(367; 45%)

Brazil 412 51 39 (76.5%)
<116; 28%>

17 3 22 9 392 (95.1) SB0121
(120; 29.1%)

Chile 66 8 6 (75%)
<19; 28.8%>

3 0 3 2 63 (95.5) SB0140 (45;
68.2%)

Mexico 274 105 95 (90.5%)
<189; 68.9%>

65 2 24 8 207 (75.5) SB0121 (29:
10.6%)

Venezuela 116 26 23 (88.5%)
<107; 92.2%>

15 1 8 2 100 (86.2) SB1862 (27;
23.3%)

Total 1684 269 142 8 76 37 1542 (91.6)

Definition of terms: Exclusive: those isolates clustered or not, detected in only one country. Unique: those isolates detected once in only one country. Clustered: two or more
isolates with the same spoligotype. Orphan: those isolates detected once in this study.
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SB1186, which is highly related to SB0140, appeared only in Chile.
Within this group of spoligotypes, we identified a subfamily (A1) of
14 spoligotypes involving more than 86% similarity (70% of

cophenetic coefficient) with 17 isolates from Mexico. All the spoli-
gotypes of subfamily A1 were characterized by the lack of spacers
2, 10 and 15.

Fig. 2. Map of Argentina, Brazil, Chile, Mexico and Venezuela. Latin America is shown in the center with the five countries studied here in gray. The number in the shaded
provinces represents the number of isolates obtained. Pie charts show the distribution of major spoligotypes in each country.
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Family B had 105 spoligotypes, similar in more than 84% (74% of
cophenetic coefficient) and held 748 (44.4%) isolates (Argentina
33%, Brazil 88%, Chile 6%, Mexico 21% and Venezuela 45% of the to-
tal isolates of each country). Spoligotypes SB0120, SB0121, SB0130,
SB0131, SB0295, SB1021, SB0520 and SB1055 belonged to this
family, with frequencies between 0.6% and 8.9% (Figs. 1 and 3).
Some of these strains showed a strong local distribution: SB0520
was found in the province of Córdoba in Argentina, SB0130 in
the north of Argentina, and, 99 out of 102 isolates with SB0295
were detected in Brazil. Subfamily (B1), which consisted of 51 iso-
lates from Brazil, classified into nine spoligotypes, grouped to-
gether with more than 86% of similarity (80% of cophenetic
coefficient). Only two of these spoligotypes were orphans. The larg-
est cluster of this family was SB0881, grouping 27 isolates from
Brazil (Figs. 1 and 3). Most of the spoligotypes of this family were
characterized by the lack of spacers 21 and 26–30.

Family C had 31 isolates grouped in 10 spoligotypes with more
than 88% of similarity (cophenetic coefficient 92%). All isolates of
this family were from Mexico and represented 11% of the isolates
from this country; five of them were orphan spoligotypes. The larg-
est cluster of this family (SB0971) held 10 isolates (Figs. 1 and 3).
Most spoligotypes of this family were characterized by the lack
of spacers 8–12 and 31–36.

4. Discussion

To our knowledge, this is the first report analyzing the spoligo-
type distribution of M. bovis isolates from several countries in Latin
America. In spite of the large diversity of spoligotypes, a high de-
gree of clustering was observed. The number of isolates in clusters
(91.6%) and the size of the largest clusters suggest active transmis-
sion of M. bovis, although at different levels among countries. Asso-
ciation between clustering and transmission is frequently assumed
for M. tuberculosis (Fok et al., 2008; Metcalfe et al., 2010; Jagielski
et al., 2010) and M. bovis (Parra et al., 2005). In a similar study car-
ried out in Spain, less percentage of clustering was observed (Rod-
ríguez et al., 2010).

Spoligotype SB0140, frequent in Argentina and Chile but much
less frequent in Brazil and Mexico and absent in Venezuela, called

our attention. Isolates with this spoligotype have also been fre-
quently observed in the United Kingdom, New Zealand, Australia
and Ireland (www.mbovis.org). It is known that Argentina has a
historical tradition of importing British breeds of cattle, more
intensively at the beginning of the past century. These data suggest
the presence of BTB in these imported animals (Cataldi et al.,
2002).

Spoligotype SB0121 was most prevalent in Brazil and Mexico
but was not detected in Argentina, a country neighboring Brazil.
This spoligotype was also prevalent in previous studies carried
out in Brazil (Zanini et al., 2005; Rodríguez et al., 2004). The link
between spoligotypes could be associated with the fact that, before
1946, some breeds of cattle (Zebú) were transferred from Brazil to
Mexico. Thus, the finding of this spoligotype in Mexico could be
due to an older, rather than recent, movement of infected cattle
from Brazil to Mexico (Cobos-Marín et al., 2005). Argentina and
Brazil shared the highest number of spoligotypes (10), in contrast
to that observed for Argentina and Chile (2). This may be because
Argentina and Chile are separated by the Andes, a topographical
characteristic that makes exchange of animals extremely difficult,
as opposed to the border between Argentina and Brazil which con-
sists of rivers with lots of bridges and areas of land.

Because spoligotyping is less discriminative than VNTR in geno-
typing M. bovis, it is not possible to conclude that spoligotypes rep-
resent clones and that isolates are epidemiologically related.
However, spoligotyping has shown to be a good tool to identify
genetically distant relationships between strains of M. bovis
(Zumárraga et al., 1999). We understand that deletions of spacers
in the Direct Repeats region might be a pathway in the process
of evolution of the species, and that this might originate new ge-
netic lines, rising spoligotypes similar to those observed in other
regions with no epidemiological relationship (homoplasy). This
might be the case for the few spoligotypes shared by countries
with no recent history of cattle exchange, as it is the case of Mex-
ico, Brazil and Venezuela. Therefore, it is clear that if no appropri-
ate epidemiological information is available to support the
molecular findings, the interpretation of the results could be
misleading.

Considering the distribution of predominant spoligotypes in
Argentina, Brazil and Mexico, it is possible to speculate that after

Table 3
Shared spoligoypes between the countries. N = total number of strains analyzed per country. Indicated for the countries is number of isolates with this spoligotype and the
prevalence of this particular spoligotype in the country in%.

SB N� Argentina Brazil Chile Mexico Venezuela Total
N = 816 N = 412 N = 66 N = 274 N = 116 N = 1684

SB0807 0 1 (0.2%) 0 2 (0.7%) 0 3 (0.2%)
SB0288 2 (0.2%) 2 (0.5%) 0 0 0 4 (0.2%)
SB0990 2 (0.2%) 0 2 (3%) 0 0 4 (0.2%)
SB0274 1 (0.1%) 6 (1.5%) 0 0 0 7 (0.4%)
SB0267 7 (0.8%) 1 (0.2%) 0 0 0 8 (0.5%)
SB1031 6 (0.73%) 0 0 0 2 (1.7%) 8 (0.5%)
SB1044 3 (0.4%) 0 0 5 (1.8%) 0 8 (0.5%)
SB1165 1 (0.1%) 0 0 7 (2.5%) 0 8 (0.5%)
SB1055 7 (0.9%) 3 (0.7%) 0 0 0 10 (0.6%)
SB0663 2 (0.2%) 0 0 11 (4%) 0 13 (0.8%)
SB1033 3 (0.4%) 10 (2.4%) 0 0 0 13 (0.8%)
SB0269 9 (1.1%) 0 0 11 (4%) 0 20 (1.2%)
SB0131 23 (2.8%) 4 (1%) 0 0 0 27 (1.6%)
SB0484 27 (3.3%) 1 (0.2%) 0 0 0 28 (1.7%)
SB0145 40 (4.9%) 0 0 5 (1.8%) 0 45 (2.7%)
SB0120 23 (2.8%) 26 (6.3%) 0 1 (0.4%) 6 (5.2%) 56 (3.3%)
SB0295 3 (0.4%) 99 (24%) 0 0 0 102 (6%)
SB0130 138 (16.9%) 0 0 1 0 139 (8.2%)
SB0121 0 120 (29.1%) 0 29 (10.6%) 1 (0.9%) 150 (8.9%)
SB0140 367 (45%) 23 (5.6%) 45 (68.2%) 13 (4.7%) 0 448 (26.6%)

Total 664 296 47 85 9 1101
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the introduction of European breeds in these countries of Latin
America, the clonal structure of M. bovis reflected that of Europe
at the moment of cattle introduction. This is suggested by the fact
that the most predominant spoligotypes in the countries studied

here reflect the predominance of M. bovis spoligotypes in European
countries where cattle originated. For instance, SB0140 the most
predominant spoligotype in Argentina (45%) reflects the predomi-
nance of M. bovis spoligotypes in the UK (36%) and Ireland (51%)

a

Fig. 3. Dendrogram showing the relationship between the 269 spoligotypes detected among the 1684 M. bovis isolates typed. Families of spoligotypes were built selecting the
branches with spoligotype similarities higher than 83%.
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b
SB2168

Fig. 3 (continued)
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(Smith et al., 2011), whereas SB0121 the most predominant spoli-
gotype in Brazil (29.1%) and Mexico (11%) reflects the predomi-
nance of M. bovis spoligotypes in Spain (29.6%) (Rodríguez et al.,
2010) and Portugal (26.3%) (Duarte et al., 2008). However, after
these highly predominant spoligotypes, the second and third most
representative spoligotypes in Brazil and Argentina ranked differ-
ently compared to the spoligotypes of their countries of origin. In
Argentina, SB130 is the second most predominant spoligotype,
with a prevalence of 16.9%. This spoligotype has only a frequency
of 1.1% in the UK, ranking 11th in that country. The second most
predominant spoligotype in the UK (SB0263) does not even appear

in Argentina. Whereas in the UK, SB0274 (13%), SB0129 (6%),
SB0673 (6%), SB0275 (4%), and SB0272 (3%), which are third to sev-
enth in the ranking, with a frequency going from 13% to 3%, in Latin
America, those spoligotypes are much less represented. The second
(SB0295, 24%) and third (SB0881, 6.6%) most predominant spoligo-
types in Brazil differ in prevalence in Spain and Portugal. Whereas
SB0295 has a prevalence of around 5%, SB0881 has not been re-
ported (Noel Smith, personal communication). We can observe
that the predominant spoligotypes in every country studied here
are related to those European countries having a preferential eco-
nomic relationship in the second half of the 19th century, i.e.

c

Fig. 3 (continued)
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Argentina and Chile with the UK and Venezuela, Mexico with
Spain, and Brazil with Portugal. With the present knowledge, it is
not possible to establish if the proportion of strains introduced in
Latin America should have been the same as that of the original
country. These results suggest that there was a change in the pop-
ulation structure, either in Europe or in Latin America, some years
after the initial introduction of elite cattle breeds from Europe.

As already mentioned, although M. bovis is the main cause of TB
in cattle, it is frequently associated with TB in other mammalian
hosts, including humans. In our study, 14% (n = 239) of the isolates
came from non-cattle hosts, 109 had human source and showed
spoligotypes identical to those found in isolates from cattle, sug-
gesting transmission between species. There is international agree-
ment that the proportion of human cases of TB owing to M. bovis is
underestimated since many laboratories make no effort to cultivate
M. bovis; M. bovis requires pyruvate as a source of carbon in the
culture medium, which is not used in culturing M. tuberculosis
(Thoen et al., 2006). In some countries, the risk of transmission of
TB from cattle to humans is especially high; for example, in Mexico,
30–40% of the amount of milk produced is sold as raw milk (Pérez-
Guerrero et al., 2008). The first case of M. bovis multidrug-resistance

person-to-person transmission among HIV-negative people was re-
ported in Argentina (Etchechoury et al., 2010). This finding shows
the importance of the application of molecular strategies to identify
patients infected with M. bovis, especially in regions with high prev-
alence of bovine tuberculosis. The fact that isolates were obtained
between 1997 and 2009 brings about the concern of temporality.
However, the average genetic stability of the direct repeat markers
has been estimated as 10–20 years. During this period, the strains
are expected to keep their DR region unchanged (Clifton-Hadley
et al., 1998; Duanmu and Douglas, 1999; Niemann et al., 1999; Soini
et al., 2000). Therefore, the temporal difference in the sampling
does not modify our hypothesis about one species being the possi-
ble source of infection to the other in the same geographic area.

Most studies that address the molecular epidemiology of M. bo-
vis include the analysis of those isolates available at the time,
which are not a representative sample of isolates in the country
but rather a convenience sample. It is possible that in a conve-
nience sample, the low frequency or absence of some spoligotypes
for a given geographic location is the consequence of the low num-
ber of isolates obtained rather than of their real absence in the pop-
ulation. However, it is understood that a random sampling of

d

Fig. 3 (continued)
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spoligotypes in any geographic location is not feasible since the
distribution of such population is unknown. Therefore, we can be
sure of the presence and frequency of any spoligotype, but not of
its absence.

We recognize that the weakness of our study is a lack of more
complete epidemiological information to draw better conclusions
of the results. In the countries studied in the present work, it is
common that even when the information is available, this informa-
tion is not provided to the scientist.

The spoligotype most frequently found in cattle in Argentina
(SB0140) was also the most frequently found in human isolates
(37%). This situation was different in Mexico and Venezuela, where
the most frequent spoligotypes in cattle (SB0121 and SB1862,
respectively) were not those found in human isolates. The low
number of spoligotypes common to humans and cattle could be
due to the low number of cattle isolates genotyped in Mexico
and Venezuela. Human M. bovis isolates from Brazil and Chile were
not available. In the last 10 years, no human cases of M. bovis have
been detected by the National Institute of Health of Santiago (de
Kantor et al., 2008).

In conclusion, despite the high diversity of spoligotypes in the
five countries, there are major patterns predominating in Argen-
tina, Brazil and Chile. These clusters may reflect a long-lasting ac-
tive transmission of BTB in the region.

Acknowledgments

This work was supported by INTA Grant AERG-232121 (Argen-
tina), FONDOSAG C5-100-10-23 of the National Agriculture and
Livestock Service; Chilean National Commission of Scientific Re-
search and Technology, CONICYT, project codes FONDEF
D02I1111 and FICR-EQU18 (Chile), and European Community,
Grant No. HEALTH-F3-2008-200999. JAG-y-M and IE-G are fellows
of COFAA, EDI, IPN (Mexico). We thank Carla Noli, Cecilia Romero
Torres and Valeria Rocha for their excellent technical help. A.C. is
a career member of CONICET, Argentina.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.rvsc.2012.07.012.

References

Amanfu, W., 2006. The situation of tuberculosis and tuberculosis control in animals
of economic interest. Tuberculosis (Edinburgh) 86, 330–335.

Barandiaran, S., Vivot, M.M., Moras, E.V., Meikle, V., Cataldi, A., Zumarraga, M.J.,
2011. Mycobacterium bovis in swine: Spoligotyping of isolates from Argentina
Veterinary Medicine, International, pp. 979647.

Cataldi, A.A., Gioffré, A., Santangelo, M.P., Alito, A., Caimi, K., Bigi, F., Romano, M.I.,
Zumárraga, M., 2002. El genotipo de Mycobacterium bovis mayoritario en la
Argentina lo es también en las Islas Británicas: ¿la tuberculosis bovina provino
de Gran Bretaña? Revista Argentina de Microbiología 34, 1–6.

Clifton-Hadley, R.S., Inwald, J., Archer, J., Hughes, S., Palmer, N., Sayers, A.R.,
Sweeney, K., van Embden, J.D.A., Hewinson, R.G., 1998. Recent advances in DNA
fingerprinting using spoligotyping—Epidemiological applications in bovine
tuberculosis. British Cattle Veterinary Association 6, 79–82.

Cobos-Marín, L., Montes-Vargas, J., Zumárraga, M., Cataldi, A., Romano, M.I.,
Estrada-García, I., Gonzalez-y-Merchand, J.A., 2005. Spoligotype analysis of
Mycobacterium bovis isolates from Northern México. Canadian Journal of
Microbiology 51, 996–1000.

Collins, D.M., Erasmuson, S.K., Stephens, D.M., Yates, G.F., De Lisle, G.W., 1993. DNA
fingerprinting of Mycobacterium bovis strains by restriction fragment analysis
and hybridization with insertion elements IS1081 and IS6110. Journal of
Clinical Microbiology 31, 1143–1447.

de Kantor, I.N., Ritacco, V., 2006. An update on bovine tuberculosis programmes in
Latin American and Caribbean countries. Veterinary Microbiology 112, 111–
118.

de Kantor, I.N., Ambroggi, M., Poggi, S., Morcillo, N., Da Silva Telles, M.A., Osório
Ribeiro, M., Garzón Torres, M.C., Llerena Polo, C., Ribón, W., García, V., Kuffo, D.,
Asencios, L., Vásquez Campos, L.M., Rivas, C., de Waard, J.H., 2008. Human
Mycobacterium bovis infection in ten Latin American countries. Tuberculosis
(Edinburgh) 88, 358–365.

Duanmu, H., Douglas, J.T., 1999. Retrospective analysis of the Beijing family of
Mycobacterium tuberculosis in preserved lung tissues. Journal of Clinical
Microbiology 37, 471–474.

Duarte, E.L., Domingos, M., Amado, A., Botelho, A., 2008. Spoligotype diversity of
Mycobacterium bovis and Mycobacterium caprae animal isolates. Veterinary
Microbiology 130, 415–421.

Etchechoury, I., Valencia, G.E., Morcillo, N., Sequeira, M.D., Imperiale, B., López, M.,
Caimi, K., Zumárraga, M.J., Cataldi, A., Romano, M.I., 2010. Molecular typing of
Mycobacterium bovis isolates in Argentina: First description of a person-to-
person transmission case. Zoonoses and Public Health 57, 375–381.

Fok, A., Numata, Y., Schulzer, M., FitzGerald, M.J., 2008. Risk factors for clustering of
tuberculosis cases: A systematic review of population-based molecular
epidemiology studies. International Journal of Tuberculosis and Lung Diseases
12 (5), 480–492.

Haddad, N., Ostyn, A., Karoui, C., Masselot, M., Thorel, M.F., Hughes, S.L., Inwald, J.,
Hewinson, R.G., Durand, B., 2001. Spoligotype diversity of Mycobacterium bovis
strains isolated in France from 1979 to 2000. Journal of Clinical Microbiology
39, 3623–3632.

Hunter, P.R., Gaston, M.A., 1988. Numerical index of the discriminatory ability of
typing systems: An application of Simpson’s index of diversity. Journal of
Clinical Microbiology 26, 2465–2466.

Jagielski, T., Augustynowicz-Kopec, E., Zozio, T., Rastogi, N., Zwolska, Z., 2010.
Spoligotype-based comparative population structure analysis of multidrug-
resistant and isoniazid-monoresistant Mycobacterium tuberculosis complex
clinical isolates in Poland. Journal of Clinical Microbiology 48, 3899–3909.

Kamerbeek, J., Schouls, L., Kolk, A., van Agterveld, M., van Soolingen, D., Kuijper, S.,
Bunschoten, A., Molhuizen, H., Shaw, R., Goyal, M., vanEmbden, J., 1997.
Simultaneous detection and strain differentiation of Mycobacterium tuberculosis
for diagnosis and epidemiology. Journal of Clinical Microbiology 35, 907–914.

Maslow, J.N., Mulligan, M.E., Arbeit, R.D., 1993. Molecular epidemiology:
Application of contemporary techniques to the typing of microorganisms.
Clinical and Infectious Diseases 17, 153–164.

Metcalfe, J.Z., Kim, E.Y., Lin, S.Y., Cattamanchi, A., Oh, P., Flood, J., Hopewell, P.C.,
Kato-Maeda, M., 2010. Determinants of multidrug-resistant tuberculosis
clusters, California, USA, 2004–2007. Emerging and Infectious Diseases 16,
1403–1409.

Milián-Suazo, F., Banda-Ruiz, V., Ramirez-Casillas, C., Arriaga-Diaz, C., 2002.
Genotyping of Mycobacterium bovis by geographic location within Mexico.
Preventive and Veterinary Medicine 55, 255–264.

Niemann, S., Richter, E., Rüsch-Gerdes, S., 1999. Stability of Mycobacterium
tuberculosis IS6110 restriction fragment length polymorphism patterns and
spoligotypes determined by analyzing serial isolates from patients with drug-
resistant tuberculosis. Journal of Clinical Microbiology 37, 409–412.

Otal, I., Martín, C., Vincent-Lévy-Frebault, V., Thierry, D., Gicquel, B., 1991.
Restriction fragment length polymorphism analysis using IS6110 as an
epidemiological marker in tuberculosis. Journal of Clinical Microbiology 29,
1252–1254.

Parra, A., Larrasa, J., García, A., Alonso, J.M., de Mendoza, J.H., 2005. Molecular
epidemiology of bovine tuberculosis in wild animals in Spain: A first approach
to risk factor analysis. Veterinary Microbiology 110, 293–300.

Parreiras, P.M., Lobato, F.C., Alencar, A.P., Figueiredo, T., Gomes, H.M., Boéchat, N.,
Lage, A.P., Assis, R.A., Pereira, M.A., Souza, P.R., Mota, P.M., Suffys, P.N., 2004.
Drug susceptibility of Brazilian strains of Mycobacterium bovis using traditional
and molecular techniques. Memorias do Instituto Oswaldo Cruz 99, 749–752.

Pérez-Guerrero, L., Milián-Suazo, F., Arriaga-Díaz, C., Romero-Torres, C., Escartín-
Chávez, M., 2008. Molecular epidemiology of cattle and human tuberculosis in
Mexico. Salud Pública Mexicana 50, 286–291.

Rodríguez, C.A.R., Zumárraga, M.J., de Oliveira, E.M., Cataldi, A.A., Romano, M.I., Otto,
H.H., Bonafé, V.L., Ferreira Neto, J.S., 2004. Caracterização molecular de isolados
de Mycobacterium bovis do Estado São Paulo, Brasil, utilizando a técnica de
Spoligotyping. Arquivos do Instuto Biologico De São Paulo 71, 277–282.

Rodríguez, S., Romero, B., Bezos, J., de Juan, L., Alvarez, J., Castellanos, E., Moya, N.,
Lozano, F., González, S., Sáez-Llorente, J.L., Mateos, A., Domínguez, L., Aranaz, A.,
2010. Spanish network on surveillance and monitoring of animal tuberculosis.
High spoligotype diversity within a Mycobacterium bovis population: Clues to
understanding the demography of the pathogen in Europe. Veterinary
Microbiology 141, 89–95.

Roxo, E., 2005. Situação atual da tuberculose bovina no Brasil. Plano Nacional de
controle e erradicação da brucelose e tuberculose, PNCE bovine tuberculosis
(National plan for the control and eradication of bovine tuberculosis and
brucellosis). Secretaria de Defesa Agropecuária. Docum. PNCE Bovine
Tuberculosis DDD2005, São Paulo, pp. 1–5.

Smith, N.H., Gordon, S.V., de la Rua-Domenech, R., Clifton-Hadley, R.S., Hewinson,
R.G., 2006. Bottlenecks and broomsticks: The molecular evolution of
Mycobacterium bovis. Nature Review Microbiology 4, 670–681.

Smith, N.H., Berg, S., Dale, J., Allen, A., Rodriguez, S., Romero, B., Matos, F.,
Ghebremichael, S., Karoui, C., Donati, C., Machado Ada, C., Mucavele, C.,
Kazwala, R.R., Hilty, M., Cadmus, S., Ngandolo, B.N., Habtamu, M., Oloya, J.,
Muller, A., Milian-Suazo, F., Andrievskaia, O., Projahn, M., Barandiarán, S.,
Macías, A., Müller, B., Zanini, M.S., Ikuta, C.Y., Rodriguez, C.A., Pinheiro, S.R.,
Figueroa, A., Cho, S.N., Mosavari, N., Chuang, P.C., Jou, R., Zinsstag, J., van
Soolingen, D., Costello, E., Aseffa, A., Proaño-Perez, F., Portaels, F., Rigouts, L.,
Cataldi, A.A., Collins, D.M., Boschiroli, M.L., Hewinson, R.G., Ferreira Neto, J.S.,
Surujballi, O., Tadyon, K., Botelho, A., Zárraga, A.M., Buller, N., Skuce, R., Michel,
A., Aranaz, A., Gordon, S.V., Jeon, B.Y., Källenius, G., Niemann, S., Boniotti, M.B.,
van Helden, P.D., Harris, B., Zumárraga, M.J., Kremer, K., 2011. European 1: A

20 M.J. Zumárraga et al. / Research in Veterinary Science 94 (2013) 9–21



Author's personal copy

globally important clonal complex of Mycobacterium bovis. Infection, Genetics
and Evolution 11, 1340–1351.

Soini, H., Pan, X., Amin, A., Graviss, E.A., Siddiqui, A., Musser, J.M., 2000.
Characterization of Mycobacterium tuberculosis isolates from patients in
Houston, Texas, by spoligotyping. Journal of Clinical Microbiology 38, 669–676.

Thoen, C., Lobue, P., de Kantor, I., 2006. The importance of Mycobacterium bovis as a
zoonosis. Veterinary Microbiology 112, 339–345.

Torres, P., 2009. Situación de la tuberculosis bovina en la República Argentina. In:
Programa Nacional de Control y Erradicación de la tuberculosis, SENASA (Servicio
Nacional de Sanidad Animal), Secretaría de Agricultura, Buenos Aires. Available
from: <http://www.senasa.gov.ar/Archivos/File/File1013-situacion_tuberculosis_
31_12_09.pdf>.

Zanini, M.S., Moreira, E.C., Salas, C.E., Lopes, M.T., Barouni, A.S., Roxo, E., Telles, M.A.,
Zumárraga, M.J., 2005. Molecular typing of Mycobacterium bovis isolates from
south-east Brazil by spoligotyping and RFLP. Journal of Veterinary Medicine B.
Infectious Diseases 52, 129–133.

Zumárraga, M.J., Martín, C., Samper, S., Alito, A., Latini, O., Bigi, F., Roxo, E., Cicuta,
M.E., Errico, F., Castro Ramos, M., Cataldi, A., van Soolingen, D., Romano, M.I.,
1999. Usefulness of spoligotyping in the molecular epidemiology of
Mycobacterium bovis-related infections in South American countries. Journal
of Clinical Microbiology 37, 296–303.

Zumarraga, M.J., Vivot, M.M., Marticorena, D., Bernardelli, A., Fasán, R., Iachini, R.,
Cataldi, A.A., 2009. Mycobacterium bovis in Argentina: isolates from cats typified
by spoligotyping. Revista Argentina de Microbiología. 41, 215–217.

M.J. Zumárraga et al. / Research in Veterinary Science 94 (2013) 9–21 21


