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Two hundred twenty-four Mycobacterium bovis isolates, mainly from South American countries, were typed
by spoligotyping, and 41 different spoligotypes were identified. A total of 202 M. bovis isolates (90%) were
grouped into 19 different clusters. The largest cluster contained 96 isolates (42.8%) on the basis of the most
frequently observed spoligotype, spoligotype 34. Nineteen M. bovis isolates from humans in Argentina had
spoligotypes and polymorphic GC-rich repetitive sequence (PGRS) types that represented the most common
types found among isolates from cattle. All five isolates from Uruguay and three of the six isolates from
Paraguay had spoligotypes that were also detected for isolates from Argentina. The spoligotypes of isolates
from Brazil, Costa Rica, and Mexico and of some of the isolates from Paraguay could not be found in
Argentina. A total of 154 M. bovis isolates were selected in order to compare the discriminative power of
spoligotyping and restriction fragment length polymorphism (RFLP) analysis with direct repeat (DR) and
PGRS probes. By spoligotyping, 31 different types were found, while 4/uI-digested DR probe-associated RFLP
analysis identified 42 types, and RFLP analysis with the PGRS probe also detected 42 types; these were partly
independent of the DR types. By combining the results obtained by spoligotyping and by RFLP analysis with
the DR and PGRS probes, 88 different types were obtained. Although the differentiation of M. bovis by
spoligotyping was less discriminatory than differentiation by RFLP analysis with the DR and PGRS probes,
spoligotyping is easier to perform and its results are easier to interpret. Therefore, for the purpose of typing
of M. bovis isolates, spoligotyping could be performed first and the isolates could be grouped into clusters and

then analyzed by RFLP analysis with the DR and PGRS probes.

Bovine tuberculosis (BTB) is an infection of major impor-
tance among cattle in South America. Mycobacterium bovis, the
causative agent, is also responsible for tuberculosis in other
animals of agricultural importance and in humans (11, 12, 23,
24). The disease causes direct economic losses in agricultural
areas and hampers the commercial exchange of animal prod-
ucts.

Of a population of approximately 300 million heads of cattle
in Latin America and the Caribbean, 240 million live in coun-
tries in which the prevalence of BTB is greater than 0.5%.
Brazil and Argentina, with a cattle population of 190 million,
have prevalences of BTB that range from 3 to 6% (6), while
neighboring countries, such as Paraguay and Uruguay, have
prevalences estimated to be 0.25 and 0.01%, respectively (6).

There is limited epidemiological information on the impact
of BTB on human health in Latin America and the Caribbean,
mainly because the means of bacteriological diagnosis of hu-
man tuberculosis (TB) is generally limited to the sputum smear
examination. Furthermore, samples are cultured on glycerol-
containing Lowenstein-Jensen medium, on which M. bovis
strains are difficult to grow, since it is the only available growth
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medium for M. bovis. Between 1984 and 1989, a study was
performed in Santa Fe, a province of Argentina with a high
prevalence of BTB. M. bovis was identified in 2.4% of human
patients with TB, and 64% of these patients with M. bovis
isolates were slaughterhouse or rural workers (16).

Techniques that detect the molecular epidemiology of ani-
mal and human M. bovis infections are being used as new tools
for the examination of BTB transmission (1, 8, 11, 12, 17, 18,
21-24). In Spain, molecular techniques recently demonstrated
that a particular multidrug-resistant M. bovis strain was respon-
sible for a nosocomial outbreak involving at least 16 human
immunodeficiency virus-positive patients (3). Comparison of
the fingerprint types of these multidrug-resistant M. bovis iso-
lates demonstrated that this strain was responsible for a nos-
ocomial outbreak in a second hospital (20).

One of the most commonly used methods in molecular ep-
idemiology is restriction fragment length polymorphism
(RFLP) analysis with different specific probes. IS6110 is the
most useful probe for determination of the molecular epide-
miology of human tuberculosis, because this element is usually
present in multiple copies and in different locations in the
genome of Mycobacterium tuberculosis (13, 25). The level of
differentiation of M. bovis isolates obtained by 1S6110-associ-
ated RFLP analysis depends on the origin of the strain (24).
The majority of bovine and human M. bovis isolates from
Argentina harbor only a single copy of this element, signifi-



VoL. 37, 1999

cantly reducing the usefulness of IS6110-associated RFLP typ-
ing for determination of the molecular epidemiology of tuber-
culosis in animals (18). The IS6110 element was sufficiently
sensitive for the DNA typing of isolates whose DNAs contain
more than three copies of this element (4). Other repetitive
elements, such as the polymorphic GC-rich repetitive sequence
(PGRS) (2, 7, 19) and the direct repeat (DR) sequence (10,
14), have been used to study the epidemiology of BTB (5, 8, 18,
21, 22, 24). Results obtained from a study in Argentina indi-
cated that RFLP analysis with the combination of DR and
PGRS offers a suitable alternative for the typing of M. bovis
isolates (8, 18). These results, along with the recording and
tracing of cattle movements, could contribute to a better
knowledge of the origins of M. bovis infections in herds from
different areas in Argentina.

Recently, a rapid technique designated “spoligotyping” has
been introduced as a means of determining the epidemiology
of human TB (9, 15). This method is based on PCR amplifi-
cation of a highly polymorphic DR locus in the M. tuberculosis
complex, which contains DR sequences interspersed with vari-
able spacer sequences, followed by a reversed line blot hybrid-
ization (15). This typing method relies on determination of the
presence or absence of spacers in the in vitro-amplified DNA
by hybridization to multiple synthetic spacer oligonucleotides
covalently bound to a filter.

The aim of the present study was to evaluate the usefulness
of spoligotyping for the differentiation of M. bovis isolates.

MATERIALS AND METHODS

Two hundred twenty-four M. bovis isolates were subjected to spoligotyping as
described by Kamerbeek et al. (15). This set of strains comprised 197 isolates
from cattle; 19 from humans; 1 each from a cat, a deer, and a buffalo; 2 from pigs;
and an additional 2 from goats. The 19 human patients from whom M. bovis was
isolated were all at the National Institute of Respiratory Diseases and were from
the central region of Argentina. All patients were symptomatic and were part of
a research study on the incidence of human M. bovis infection in Argentina. Of
these patients, 11 were rural and slaughterhouse workers, while 3 had no contact
with animals and 5 registered no occupation. The isolates from animals were
from animals from different regions of Argentina (south, northeast, and Central
regions and Buenos Aires Province), from three neighboring countries (Uruguay,
Brazil, and Paraguay), and from two distant countries (Mexico and Costa Rica).
The reference strain M. bovis ANS5 originated in The Netherlands and was also
included in the study.

Analysis of spoligotypes was performed with GelCompar, version 2.1, software
(Applied Maths, Kortrijk, Belgium). Comparison of the spoligotypes of the test
isolates with the spoligotypes of M. bovis isolates from Spain was done by using
a database of spoligotypes at the School of Medicine of Zaragoza University.

A total of 154 M. bovis isolates were selected to compare the results of
spoligotyping and RFLP analysis with the DR and PGRS probes. M. bovis
genomic DNAs digested with Alul were used for RFLP analysis. The origins of
these strains, the RFLP typing method, and the RFLP typing results have been
described previously (8). The combined patterns obtained by RFLP analysis with
the DR and PGRS probes were analyzed with the NTSYS-pc Numerical Tax-
onomy and Multivariate Analysis System computer software (Exeter Software,
Setauket, N.Y.). This program draws a dendrogram and calculates a similarity
coefficient (SC) between fingerprints on the basis of band positions alone. In-
creasing similarity results in similarity coefficient values ranging from 0 to 1.0.

Nomenclature of the strain types. The different DNA types were arbitrarily
assigned letters or numbers. The RFLP types are indicated by different numbers
and/or letters. The DR and PGRS types are separated by a slash; the first letter
or number denotes the DR type and the second one denotes the PGRS type. The
different spoligotypes were each allocated a number.

RESULTS

Spoligotyping results. Forty-one different spoligotypes were
identified among the 224 M. bovis isolates, of which 22 were
unique (Fig. 1 and Table 1). The remaining 202 isolates (90%)
were grouped into 19 clusters of strains sharing identical spo-
ligotypes. One of these clusters contained 96 isolates (42.8%)
and represented the most frequently observed type. It was
arbitrarily designated spoligotype 34. The other major spoli-
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gotypes were spoligotype 21, observed for 31 isolates (13.8%);
spoligotype 29, observed for 12 isolates (5.3%); spoligotype 17,
observed for 10 isolates (4.4%); spoligotypes 3 and 4, each
observed for 8 isolates (3.6%); and spoligotype 12 (identical to
the spoligotype for M. bovis BCG), observed for 7 isolates
(3.1%); while the remaining types grouped only five or fewer
isolates (Table 1).

The comparison of the spoligotypes of the M. bovis strains
isolated in South America with those isolated in Spain revealed
only four spoligotypes that were found in both regions (Fig. 1).
The first was spoligotype 21, which was found for 5 human
isolates and 26 animal isolates from Argentina and Uruguay
and 6 human isolates from Spain. The second was spoligotype
12 (identical to the spoligotype for M. bovis BCG), which was
found for seven bovine isolates from Argentina and one human
and eight animal isolates from Spain. The third spoligotype
shared by isolates from both regions was spoligotype 14, which
grouped 5 bovine isolates from Brazil and 11 human and 13
animal isolates from Spain; while the fourth type, spoligotype
15, was found for 1 bovine isolate from Argentina and 1 human
isolate from Spain (Fig. 1). The most frequent type found
among South American isolates (spoligotype 34) was not found
amonyg isolates from Spain (Fig. 1).

All the strains from South America and Spain analyzed
lacked spacers 3, 9, 16, and 39 to 43 (Fig. 1). The absence of
these spacers is characteristic of M. bovis isolates from these
regions. Furthermore, all these strains harbored spacers 24 and
25, while spacer 38 was present in all isolates from South
America but in only some strains from Spain.

Human M. bovis isolates. Spoligotypes were determined for
the 19 human M. bovis strains isolated in the central region of
Argentina, 11 of which were from rural or slaughterhouse
workers (Table 1). The spoligotypes of these isolates were
spoligotype 34 (nine isolates), 21 (five isolates), 3 (three iso-
lates), 17 (one isolate), and 4 (one isolate) (Table 1 and Fig. 1).
These represented the most common types among isolates
from cattle and were isolated from cattle from the same geo-
graphic regions where the patients lived (Table 1).

The isolates from humans were also typed by RFLP analysis
with the PGRS probe, by which all isolates had the same types
found among isolates from cattle, including the predominant
PGRS pattern, pattern A (8, 18). Most of the M. bovis isolates
from humans had the same PGRS patterns found among iso-
lates from cattle from central Argentina, the region from which
the isolates from humans came (data not shown).

Geographical spread of M. bovis spoligotypes. The nine iso-
lates from Brazil, two isolates from Mexico, one isolate from
Costa Rica, three isolates from Paraguay, and the ANS strain
from The Netherlands had spoligotypes not found among iso-
lates from Argentina (Table 1). For example, spoligotypes 14,
11, 28, and 44 were found only among isolates from Brazil;
spoligotype 5 was found only among isolates from Mexico,
spoligotype 8 was found only for the isolate from Costa Rica,
spoligotypes 10 and 26 were found only among the isolates
from Paraguay, and spoligotype 25 was found only for strain
ANS5 from The Netherlands (Table 1). However, spoligotype
14, found among isolates from Brazil, on occasion was found in
the spoligotype pattern datebase at the School of Medicine,
University of Zaragoza (Fig. 1).

In addition, five of the isolates from Uruguay had spoligo-
types that were also found among isolates from Argentina, four
of which corresponded to the major types found among iso-
lates from Argentina (spoligotypes 34 and 21). Only one isolate
from Uruguay had an infrequently occurring spoligotype (spo-
ligotype 42). Three isolates from Paraguay were of spoligo-
types that were the most commonly observed spoligotypes
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FIG. 1. Dendrogram showing the relationship between 41 spoligotypes identified among 224 M. bovis isolates from South America and the 4 spoligotypes found
simultaneously among isolates from South America and Spain. The designations on the right correspond to the spoligotypes that were obtained. A, Argentina; B, Brazil;
CR, Costa Rica; M, Mexico; P, Paraguay; TN, The Netherlands; U, Uruguay; S, Spain; n, number of isolates. The first, second, and third numbers refer to the number

of isolates for the first, second, and third countries indicated, respectively.

among isolates from Argentina (spoligotype 34) (Table 1 and
Fig. 1).

The percentages of isolates in clusters were 93.3% for the
central region of Argentina, 94.2% for Buenos Aires Province,
and 64% for the northeast region of Argentina.

Comparison of spoligotyping and typing by RFLP analysis
with DR and PGRS probes. The results of spoligotyping and
RFLP analysis with the DR and PGRS probes were compared
for 154 M. bovis isolates previously reported in an RFLP typing
study (8).

Hybridization with DR with Alul digests identified 42
different patterns, and 38.9% of the isolates were clustered
in the major pattern, pattern A. When these membranes
were rehybridized with the PGRS probe, 42 different pat-

terns were also identified, and some of these were not as-
sociated with pattern obtained by RFLP analysis with the
DR probe. In this case, 30.5% of the isolates were grouped
in the most predominant PGRS pattern, pattern A. In ad-
dition, the spoligotyping method identified 31 different types
among the 154 M. bovis isolates, of which the predominant
spoligotype, spoligotype 34, included 50% of the isolates
(Table 2).

The majority of the isolates (28 of 31) showing the predom-
inant DR and PGRS patterns (pattern A/A) were also grouped
into the predominant spoligotype, spoligotype 34. In contrast,
75 isolates of spoligotype 34 from Argentina (10 from Buenos
Aires Province, 57 from the central region, and eight from the
northeast region) and 2 isolates from Paraguay were grouped
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TABLE 1. Number of strains of each spoligotype by origin and species

Counqy and ii\(l)(l)a;tgg No. of isolates with the following spoligotype:
fegion source 3 4 5 6 7 810 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 34 35 36 37 38 39 40 41 42 43 44 45 46
Argentina
Bs. As. 47, cattle 4 21 2 3 5 1 9 3 2 15
1, cat 1
2, goats 1 1
1, deer 1
Center 101, cattle 1 5 4 51 14 1 2 1 3 58 1 2 1 1 1
19, humans 3 1 1 5 9
N.E. 26, cattle 1 3 1 1 1 1 1 3 8 2 1 1 1 1
South 3, cattle 2 1
Brazil 6, cattle 5 1
2, pigs 2
1, buffalo 1
Costa Rica 1, cattle 1
Mexico 2, cattle 2
Paraguay 6, cattle 2 1 3
The Netherlands 1, AN5” 1
Uruguay 5, cattle 2 2 1
Total 224 882211227 45111011 131 211111123 299112 211121111

“ Bs. As., Buenos Aires province; Center, Cordoba province, center and south of Santa Fe and Entre Rios provinces; N.E., north of Santa Fe and Entre Rios provinces and Chaco, Corrientes, Formosa, and Misiones
provinces; South, Patagonia region.
> ANS, reference M. bovis strain.
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TABLE 2. Results of spoligotyping and RFLP analysis with DR and PGRS probes for M. bovis isolates from different regions

Geographic origin® Spoligotype iiﬁét% fS DR and PGRS patterns (no. of isolates)”
Argentina
Bs.As. 3 4 G/A (1), G/Y (1), T/B (1), VIA (1)
17 2 T/B (2)
21 1 E/ (1)
27 1 173 (1)
34 10 A/C (2), B/A (3), B/25 (1), B/S (1), D/A (1), D/H (1), F/E (1)
Center 3 1 13/A (1)
4 5 G/02 (1), G/U (4)
12 4 K/7 (1), 5/01 (1), A/A (1), 18/01 (1)
17 4 T/B (1), T/5 (1), T/S (1), 17/U (1)
18 1 C/S (1)
21 13 E/01 (1), E/02 (2), E/V (4), G/V (1), L/Q (1), L/V (1), N/C (1), Y/R2 (1), Y/V (1)
22 1 /v (1)
23 2 O/D (1), O0/10 (1)
24 1 E/02 (1)
29 3 A/A (1), 15/C (2)
34 57 A/A (24), A/C (1), A/01 (3), A/P (3), A/P1 (1), A/R (4), A/W (1), A/Y (1), A/1 (5), A/3 (2), A2/A
(1), B/A (1), D/C (2), G/X (1), W/M (1), 3/A (2), 6/2 (1), 14/A (1), 24/A (1), Al24 (1)
35 1 A/R (1
37 2 2/A (1), D/P (1)
39 1 A/A (1)
43 1 P/A (1)
N.E. 4 1 G/X (1)
12 3 K/O1 (1), K1/19 (2)
15 1 25/19 (1)
16 1 17/21 (1)
17 1 Q/S (1)
19 1 A1/03 (1)
20 1 L/Q (1)
21 3 E/71 (2), 1/02 (1)
34 8 A/A (3), A/R (1), A2/P (1), B/F (2), 3/H1 (1)
38 2 J/A (1), J1/23 (1)
40 1 19/A (1)
41 1 R/T (1)
42 1 3/A (1)
Brazil 14 5 K/P (5)
44 1 11/P (1)
Costa Rica 8 1 H/D (1)
Mexico 5 2 G/16 (2)
Paraguay 10 1 8/V (1)
26 1 9/S (1)
34 2 A/A (1), A/1 (1)
The Netherlands 25 1 U (1)
Total 154

“ Bs.As., Buenos Aires Province; Center, Cordoba Province and center and south of Santa Fe and Entre Rios provinces; N.E., north of Santa Fe and Entre Rios
provinces and Chaco, Corrientes, Formosa, and Misiones provinces; ANS, reference M. bovis strain.

> The RFLP types are indicated with different numbers and/or letters. The DR and PGRS types are separated by a slash; the first letter or number denotes the DR
type, and the second letter or number indicates the PGRS type. Isolates with the DR and PGRS patterns of group 1 isolates and with spoligotype 34 are indicated in
boldface. The nomenclature was arbitrarily assigned to the different DNA types.
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FIG. 2. Dendrogram based on computer-assisted comparison of DNA fin-
gerprints. The types obtained by RFLP analysis are indicated with different
numbers and/or letters. The types obtained by RFLP analysis with the DR and
PGRS probes are separated by a slash: the first number or letter denotes the DR
type, and the second one indicates the PGRS type. SC was defined in Materials
and Methods.

in 11 different DR patterns, 20 different PGRS patterns, and 28
different combined (DR and PGRS) patterns (Table 2).

A dendrogram was used to analyze the relationship between
the different combined (DR and PGRS) patterns (Fig. 2). If an

MOLECULAR EPIDEMIOLOGY OF MYCOBACTERIUM BOVIS 301

SC of 0.6 was considered, two groups of patterns with SC
values of 0.6 or greater could be found. Groups 1 and 2 con-
tained patterns A/A to A/9 and E/I to K/7, respectively (Fig. 2).
These patterns were clearly separated from the patterns for the
other nonepidemiologically related strains, such as those from
Costa Rica, Mexico, and The Netherlands (H/D, G/16, and
U/8, respectively). Eighty-three percent (64 of 77) of the M.
bovis isolates of the predominant spoligotype (spoligotype 34)
had DR and PGRS patterns that corresponded to those of
group 1 isolates (boldface in Table 2), while 64% (11 of 17) of
the M. bovis isolates of a major spoligotype (spoligotype 21)
had DR and PGRS patterns that corresponded to those of
group 2 isolates (Table 2; Fig. 2). These results indicate that
several of the isolates with the predominant spoligotypes (spo-
ligotypes 34 and 21) had DR and PGRS patterns that were
quite related, while the isolates from distant countries, such as
Costa Rica, Mexico, and The Netherlands, had DR and PGRS
patterns that were quite different.

Geographical spread of M. bovis according to combined re-
sults of spoligotyping and RFLP analysis. By combining the
results of spoligotyping and RFLP analysis with the DR and
PGRS probes, a total of 88 types were obtained among the 154
M. bovis isolates (Table 2). The isolates from Brazil, Mexico,
and Costa Rica, some isolates from Paraguay, and strain ANS
from The Netherlands had combined types not found among
isolates from Argentina (Table 2). These combined types were
exclusive to those countries. For example, spoligotype 44 and
DR and PGRS pattern 11/P were found only among isolates
from Brazil, spoligotype 26 and DR and PGRS pattern 9/S
were found only among isolates from Paraguay, spoligotype 5
and DR and PGRS pattern G/16 were found only among
isolates from Mexico, spoligotype 8 and DR and PGRS pattern
H/D were found only among isolates from Costa Rica, and
spoligotype 25 and DR and PGRS pattern U/8 were found only
for strain ANS5 from The Netherlands (Table 2).

On the other hand, a number of combined patterns were
found simultaneously for isolates from different regions of
Argentina and other countries. For example, the most common
combined type, spoligotype 34 and DR and PGRS pattern
A/A, was found among isolates from the central (24 isolates)
and northeast (three isolates) regions of Argentina, as well as
Paraguay (one isolate); spoligotype 34 and DR and PGRS
pattern A/C were found among isolates from the central region
(one isolate) and Buenos Aires Province (two isolates) of Ar-
gentina; spoligotype 34 and DR and PGRS pattern A/1 were
found among isolates from the central region of Argentina
(five isolates) and Paraguay (one isolate); spoligotype 34 and
DR and PGRS pattern A/R were found among isolates from
the central (four isolates) and northeast (one isolate) regions
of Argentina; spoligotype 34 and DR and PGRS pattern B/A
were found among isolates from the central region (one iso-
late) and Buenos Aires Province (three isolates) of Argentina;
and spoligotype 17 and DR and PGRS pattern T/B were found
among isolates from the central region (one isolate) and Bue-
nos Aires Province (two isolates) of Argentina (Table 2).

DISCUSSION

In the present study, 41 different spoligotypes were found
among 224 M. bovis isolates from different regions of Argen-
tina and neighboring and distant countries. One hundred fifty-
four isolates of this same set of strains were selected to com-
pare the results of spoligotyping and RFLP analysis with the
DR and PGRS probes. By spoligotyping, 31 types were ob-
tained, whereas 42 types were obtained by RFLP analysis with
both the Alul-digested DR probe and the PGRS probe. Thus,
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the differentiation of M. bovis by spoligotyping was less dis-
criminatory than differentiation by RFLP analysis with the DR
or PGRS probe.

The spoligotypes and PGRS types obtained for M. bovis
strains from humans from the central region of Argentina were
identical to those obtained for strains from cattle. Of the 19
patients infected with M. bovis, 11 were rural or slaughterhouse
workers. These results indicate that cattle could be the main
source of human infection in this region of Argentina. A high
percentage of these patients were from rural areas and did not
complete the anti-TB treatment (data not shown), indicating a
risk factor for the development of resistant M. bovis strains.

Most isolates from the central region and Buenos Aires
Province of Argentina were grouped into clusters by spoligo-
typing (93.3 and 94.2%, respectively) (Table 1). In a recent
paper (8), several of these isolates were typed by RFLP anal-
ysis with DR and PGRS as probes, and the majority were
grouped into clusters (69 and 53% in the central region and
Buenos Aires Province of Argentina, respectively). This larger
number of isolates in clusters in Argentina may indicate that
these strains represent the most successful M. bovis genotypes
with regard to the active transmission of BTB. These regions
contain most of the dairy farms in Argentina. Dairy cattle
management leads to diseases such as BTB due to the stress
derived from continuous milk production and the prolonged
lifetimes of dairy cows. Clustering of isolates has been de-
scribed as an indication of active transmission (26). Accord-
ingly, in those countries where BTB eradication efforts are
under way, clustering of cases on the basis of DNA fingerprint-
ing should decrease in the future. The majority of the Argen-
tine strains (42.8%) were clustered into one major spoligotype
(spoligotype 34). This spoligotype was found among isolates
from different regions of Argentina, as well as isolates from
Uruguay and Paraguay. When the spread of the most common
combined type (spoligotyping 34 and DR and PGRS pattern
A/A) was analyzed, this combination was found simultaneously
among isolates from different regions of Argentina and from
Paraguay. These results provide substantial evidence of the
transmission of M. bovis between animals in different geo-
graphic areas in South America. This may reflect the active
trade of livestock between these regions and countries. A more
extensive use of these methods for the epidemiological surveil-
lance of BTB could be helpful in examining active TB trans-
mission in these areas.

In the present study, isolates with the same spoligotype
could be differentiated by RFLP analysis with the DR and
PGRS probes. The two major spoligotypes, spoligotypes 34
and 21, grouped isolates with different DR and PGRS patterns;
however, most of these DR and PGRS patterns had many
bands in common. The observation that the discriminatory
power of RFLP analysis with the DR and PGRS probes was
greater than that of spoligotyping may be explained in part by
the fact that more DNA rearrangements can be expected from
variations in two different repetitive DNA sequences. Isolates
of spoligotype 34 had both different DR patterns and different
PGRS patterns (Table 2). This means that the individual re-
arrangements of DR or PGRS occur more frequently than the
loss of any of the 43 different spacer sequences linked to the
spoligotyping filter. In addition, typing by RFLP analysis with
the DR or the PGRS probe could detect initial changes in the
genome earlier than the spoligotyping technique could. Thus,
the latter technique can be useful for the determination of
more distant relationships between isolates; e.g., M. tuberculo-
sis strains of the Beijing family have different types by RFLP
analysis with IS6770 but identical types by spoligotyping (27);
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consequently, the latter technique is useful for the quick de-
tection of strains of the Beijing type.

All strains from Brazil, Mexico, and Costa Rica, as well as
several of the isolates from Paraguay, had spoligotypes and
combined types (spoligotype plus DR and PGRS pattern) not
found among isolates from Argentina. Analysis on the basis of
the results obtained with a larger number of isolates could
determine whether these types are specific for these geograph-
ical regions. Furthermore, most spoligotypes for South Amer-
ican isolates were not found among isolates from Spain. Strains
infecting animals in South America could mostly be differen-
tiated from those infecting animals in Spain by spoligotyping.
However, Cousins et al. (4) recently described the spoligotypes
identified among 273 M. bovis isolates from Australia, Canada,
Ireland, and Iran. Fourteen of these spoligotypes were also
found among isolates from South America. The most common
spoligotype found among isolates from Australia (the spoligo-
type for 72% of the isolates) is identical to the most common
spoligotype found among isolates from Argentina, Uruguay,
and Paraguay (the spoligotype for 42.8% of the isolates). Tak-
ing into account the fact that the most frequent spoligotype
among isolates from Australia (4) was also found among iso-
lates from Argentina, Uruguay, and Paraguay, it is clear that
isolates from distant regions can have the same spoligotype.
However, only simultaneous RFLP analyses with different
probes for these isolates could elucidate whether they are
different strains. In the 19th century several breeds of cattle
were imported into Argentina and Australia from the United
Kingdom. Thus, the finding of similarities between the M. bovis
isolates from these countries may be a consequence of the
importation of infected cattle in the past. This could be used as
an example of the capacity of spoligotyping to detect distant
relationships among M. bovis strains. For M. bovis isolates from
Australia, Canada, Ireland, and Iran, the best method of dif-
ferentiation was RFLP analysis with PGRS as a genetic marker
(4). According to the previous investigators, the fact that the
PGRS probe detected the greatest number of types could be
due to the fact that this repetitive element is found in many
locations of the M. bovis genome. In the present study, the
numbers of different patterns obtained by RFLP analysis with
the PGRS or DR probe were found to be equal. Nevertheless,
it should be taken into account that the patterns obtained by
RFLP analysis with the PGRS probe are difficult to analyze
and that we only analyzed fragments larger than 2 kb, while
Cousins et al. (4) included in their analysis all bands larger than
1.3 kb obtained by RFLP analysis.

Further studies correlating epidemiological data with finger-
printing results will be necessary to clarify the best method to
be used for the typing of M. bovis isolates. In the present study,
the epidemiological data were the geographic origin of the
isolates, since in this region it is often difficult to determine the
origin of cattle, since their management is complicated. This
situation is further impaired by the high incidence of BTB and,
occasionally, incomplete documentation for cattle.

Even though the spoligotyping technique is less discrimina-
tory than RFLP analysis with the DR and PGRS probes it was
able to differentiate between isolates from Argentina, Para-
guay, Brazil, Costa Rica, Mexico, The Netherlands, and Spain.
However, the results of spoligotyping alone do not allow us to
conclude that strains with the same type are identical. A com-
bination of the two methods (spoligotyping and typing by
RFLP analysis with the DR and PGRS probes) would be
necessary for the differentiation of M. bovis strains for a de-
tailed epidemiological study.

Nevertheless, the spoligotyping method is suitable for initial
screening, since it is easier to perform, its results are easier to
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interpret, and it leads to the fast detection and direct typing of
M. bovis isolates in clinical material. All of these steps are
essential for the application of typing methods in control and
eradication programs. Furthermore, an improvement in the
degree of differentiation of M. bovis strains by spoligotyping
could presumably be obtained by using additional new spacer
sequences derived from sequence analyses of M. bovis strains.

In response to the results obtained in this study, we have
adopted a methodology which first consists of typing of the M.
bovis isolates by spoligotyping, followed by additional typing of
the strains already grouped on the basis of spoligotyping by
RFLP analysis with the DR and PGRS probes.
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