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We have used spoligotyping to characterize 18 Mycobacterium bovis strains isolated from cattle and 23 M.
bovis strains isolated from goats. The spoligotypes revealed that caprine strains form a separate and well-
differentiated group that we refer to hereafter in this abstract as the caprine genotype. To evaluate the
importance of this genotype as a cause of tuberculosis in other animal species, including humans, we applied
the spoligotyping method to 112 strains, including to all isolates identified as M. bovis by a Mycobacterial
National Reference Laboratory (Majadahonda, Madrid) from 1994 to 1996. Eighty-three of these strains were
identified in human isolates. In addition to being identified in three goat isolates and two sheep isolates, the
caprine genotype was also found in three isolates causing human tuberculosis. Evidence to support the
argument that there is a zoonotic risk of caprine tuberculosis was presented by the identification of the caprine
genotype in an isolate from a veterinary worker with a recent history of contact with tuberculous goats.

Mycobacterium bovis infection is recognized worldwide as
the major agent responsible for tuberculosis (TB) in cattle. It
is also considered, in some countries, an important pathogen in
other farmed animals, such as goats (2, 7, 16), deer (8), and
buffaloes (10). In general, a wide range of animal species can
act as hosts for M. bovis, including human beings (3, 4, 14, 15,
21). In Spain, no feral reservoirs that play an important role in
M. bovis transmission have been described, and TB in cattle is
controlled through systematic eradication campaigns. How-
ever, M. bovis infection in goat livestock is widespread, and
only minimal control measures are adopted to prevent spread
to human and bovine populations (5). Although mixed goat
and sheep farming is a common practice in Spain, cases of TB
in sheep are seldom found, and evidence of infection is gen-
erally only detected in postmortem findings (6). This raises
questions as to the ability of TB to spread from goats to other
species. Regarding the importance of M. bovis as a pathogen
for human beings, the frequency of isolation in clinical samples
is low (4, 14, 15). In Spain, less than 0.5% of the strains isolated
from humans with tuberculosis are M. bovis (18). The difficulty
in discriminating strains of the Mycobacterium tuberculosis
complex may be responsible for the underreporting of M. bovis
cases (3), as M. bovis infection is largely clinically indistinguish-
able from M. tuberculosis infection (14). It is considered that
human-to-human transmission of M. bovis is not of major im-
portance in immunocompetent persons. However, Samper et
al. (17) have demonstrated the possibility of transmission of a
group of multidrug-resistant M. bovis strains among human
immunodeficiency virus-infected patients. The development of
molecular techniques to differentiate strains of the M. tuber-
culosis complex has helped to provide a greater understanding
of the epidemiology of TB. The use of restriction fragment

length polymorphism (RFLP) with the IS6110 probe (20) is
convenient and reliable for the detection of M. tuberculosis
strains but lacks sensitivity for the majority of M. bovis strains.
A combination of several probes can be used to derive RFLPs
for M. bovis when detailed differentiation is required (19).

A novel method called spoligotyping that is highly effective
for differentiating strains of the M. tuberculosis complex has
been developed. It is based on DNA polymorphisms that are
found in the direct repeat (DR) regions of the mycobacterial
genome (12). The results achieved so far indicate that spoli-
gotyping offers a superior alternative when rapid identification
is required, and it is also more suitable for the differentiation
of strains with few copies of IS6110, such as M. bovis (12). In
a recent study using spoligotyping of strains isolated from
different animal species in Spain, Aranaz et al. (1) showed that
goats and cattle were host to different clusters of strains. This
observation was in agreement with the results previously ob-
tained in a similar study using RFLP analysis (9, 13).

In the present study, we used spoligotyping analysis on bo-
vine and caprine strains of M. bovis that were previously sub-
jected to RFLP typing methods (9). After we had established
characteristic spoligotypes for each of these hosts, we carried
out spoligotyping on another group of M. bovis strains, isolated
from human beings and different animal species. We wanted to
determine the types of strains present and to evaluate the
zoonotic importance of caprine TB.

A total of 153 M. bovis strains were analyzed. We initially
tested a group of 41 isolates from 18 cattle and 23 goats in
herds from the Aragón and Valencia regions of Spain. These
isolates were previously subjected to DNA fingerprinting with
IS6110, PGRS, and the DR region (9). Another group con-
sisted of 103 isolates, previously identified as M. bovis on the
basis of growth characteristics and biochemical tests, and cor-
responding to the total number of M. bovis strains deposited at
the Mycobacterial National Reference Center of Majada-
honda, Madrid, Spain, between January 1994 and November
1996. They originated from different geographical areas of
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Spain and from different host species as follows (number of
isolates in parentheses): humans (83), bovines (12), caprines
(3), an ovine (1), a domestic feline (1), and llamas (3). The
remaining 9 strains, obtained from a regional laboratory (Ser-
vicio de Investigación y Mejora Agroria, Derio, Madrid,
Spain), were isolated from hosts as follows (number of isolates
in parentheses): cattle (6), a sheep (1), and llamas (2). As
controls in our study, M. bovis BCG and M. tuberculosis H37Rv
were used as reference strains.

The extraction of DNA from M. bovis strains was carried out
according to the standardized method of fingerprinting for M.
tuberculosis (20). Spoligotyping relies on the amplification of
the polymorphic DR region containing 36-bp DRs and inter-
spersed 35 to 41-bp variable spacer sequences, and this ampli-
fication was carried out as previously described (12, 22). A
computer analysis of the results was obtained by using the
GelCompar computer system (11) (version 3.1; Applied
Maths, Kortrijk, Belgium).

FIG. 1. Dendrogram with the spoligotypes from M. bovis bovine and caprine isolates and BCG. Top three lanes and the four lanes below BCG, bovine isolates;
bottom four lanes, caprine isolates. The main cluster pattern characteristic of caprine hosts is noted as the caprine genotype.

FIG. 2. Dendrogram with the spoligotypes from BCG and all M. bovis isolates of human origin used in this study. The total number of isolates identified as M. bovis
at the Mycobacterial National Reference Center of Majadahonda in Madrid between 1994 and 1996 was 83. Three of the isolates were eliminated from the study since
their spoligotypes showed them to be M. tuberculosis. The three bottom lanes correspond to the caprine spoligotype, as indicated on the dendrogram.
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The results of the spoligotyping of a group of 18 bovine- and
23 caprine-derived strains revealed the existence of two main
cluster patterns, with each pattern characteristic of an animal
host and with seven and four types identified in each cluster,
respectively (Fig. 1). The caprine spoligotypes were character-
ized by the lack of a large set of oligonucleotides (oligonucle-
otides 3 to 16, 28, and 30 to 33). These findings confirmed the
existence of two genotypes affecting cattle and goats in Spain,
as initially reported by Gutiérrez et al. (9) and also demon-
strated by Aranaz et al. (1).

Spoligotyping was subsequently performed on the 112 M.
bovis strains isolated from humans and different animal spe-
cies. Three of the human isolates were identified as M. tuber-
culosis on the basis of the presence of spacers 39 to 43. This
result demonstrated the power of the technique to distinguish
M. tuberculosis from M. bovis. The strains isolated from llamas
and cats all showed the genotype characteristic of bovine iso-
lates. With the ovine isolates, two patterns were identified that
matched with the group of caprine strains. This agreed with the
previous results of Aranaz et al. (1) for ovine isolates showing
caprine-like spoligotypes. The 80 M. bovis isolates from hu-
mans were differentiated into 37 spoligotypes (Fig. 2), with the
majority (77 isolates) yielding 34 spoligotypes that were clearly
identifiable as belonging to the bovine genotype. However,
three of the human isolates displayed three spoligotypes typical
of the caprine genotype (Fig. 2). In tracing the origins of these
three strains, we found that one of the patients was a resident
in a rural area where goat farming was common, the second
patient worked in an abattoir, and the third was a veterinary
practitioner with a history of contact with goat herds where TB
was present. Subsequently, the pattern of this third isolate was
found to be identical to that observed for an M. bovis goat
isolate from one of those herds.

The isolation of the bovine strain type in human populations
would indicate that infected cattle constitute the main risk of
transmission of M. bovis from livestock to humans. This may be
because bovine TB is more widespread or because bovine
strains are more adaptable in human hosts. However, that fact
that our results clearly demonstrate that goats are also a source
of infection for humans implies that a zoonotic risk does exist,
which could impact on traditional goat farming practices. Al-
though low rates of TB have been demonstrated in sheep, the
finding that the M. bovis genotype is identical in goats and
sheep does not exclude sheep as a possible source of infection.
However, our results to date demonstrate the current need for
control and eradication policies directed at limiting the spread
of TB from goats to other species.
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