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Thirty-eight strains of Bacillus sporothermodurans isolated from ultra-high-temperature (UHT)-treated milk
or sterilized milk (UHT isolates) and from animal feed or raw milk (farm isolates) were characterized by
automated ribotyping and by repetitive extragenic palindromic (REP)-PCR fingerprinting. By investigating the
genetic relationships among isolates from these various sources, the relative importance of different contam-
ination sources could be evaluated. The results of the separate clustering analyses of the PvuII and EcoRI
ribopatterns and the REP-PCR patterns were largely consistent with each other and revealed the existence of
two main clusters; there was one homogeneous group containing all (REP-PCR) or most (ribotyping) of the
UHT isolates, and there was a second more diverse group comprising the farm isolates. A combined three-
dimensional analysis of all data showed that three German UHT isolates did not belong to the compact group
containing the majority of the UHT isolates. These results demonstrate that B. sporothermodurans is more
heterogeneous than previously assumed and that most of the UHT isolates form a genetically distinct subgroup
and are capable of producing highly heat-resistant spores. The close genetic relationship of these UHT isolates
suggests a clonal origin of a few predominant strains of B. sporothermodurans that can be found in UHT-treated
or sterilized milk products.

Mesophilic aerobic sporeformers with extremely high heat
resistance were first detected in ultra-high-temperature (UHT)-
treated milk from southern Europe in 1985; later they were
also detected in other countries in and outside Europe (6, 8,
17). These sporeformers belonged to the genus Bacillus and
were recently classified as a new species, Bacillus sporothermo-
durans (20).

According to its original description (20), an important char-
acteristic of B. sporothermodurans is its ability to produce
highly heat-resistant spores (HRS) that may survive steriliza-
tion (115 to 120°C for 15 to 20 min) or UHT treatment (135 to
142°C for a few seconds). Huemer et al. (16) found D values at
140°C that varied between 3.4 and 7.9 s and z values that varied
between 13.1 and 14.2°C for spore preparations from the orig-
inal stock culture, but they also observed a significant decrease
in the heat resistance after multiple laboratory culture pas-
sages. Surviving spores of B. sporothermodurans can germinate
and multiply in products to a maximal concentration of ca. 105

cells/ml. Although the vegetative cells are not pathogenic (9,
10) and do not cause significant visual or taste deviations, their
presence in sterilized and UHT-treated products is considered
undesirable, as such products do not meet the legal require-
ments established by the European Union (1).

For detection and identification of B. sporothermodurans in
raw and consumer milk, a PCR-based method, now called
HRS-PCR (22), was developed by Herman et al. (13). Several

molecular methods have been used successfully to differentiate
and characterize B. sporothermodurans strains, including PCR
methods like random amplified polymorphic DNA analysis,
repetitive extragenic palindromic (REP)-PCR, and 16S ribo-
somal DNA (rDNA) sequence analysis (12, 18, 20). All these
techniques showed that the different B. sporothermodurans
strains isolated so far from European UHT-treated and ster-
ilized milk are phylogenetically very closely related, forming
the so-called HRS clone, named after the initial description of
this highly heat-resistant spore-forming organism (8). Re-
cently, B. sporothermodurans strains have also been isolated
from raw milk and from animal feed (4, 22, 24). The majority
of these farm isolates reacted negatively in the HRS-PCR of
Herman et al. (13) but could be assigned to B. sporothermo-
durans by a polyphasic approach and/or a new 16S rDNA-
based specific PCR identification test (22).

The purpose of the present study was to evaluate the genetic
diversity of B. sporothermodurans isolates by using two molec-
ular typing techniques (ribotyping and REP-PCR) targeted at
different genomic sites as recommended by different authors
(14, 25). REP-PCR has been recognized to be highly discrim-
inatory for the differentiation of many bacterial species, includ-
ing Escherichia coli and B. sporothermodurans (5, 11, 12, 18). In
addition, ribotyping has proved to be useful for differentiation
at the subspecies level, as demonstrated for species like
Pseudomonas aeruginosa, Vibrio cholerae, Listeria monocyto-
genes, and Clostridium botulinum (3, 7, 19, 23). Both DNA
fingerprinting techniques were applied to B. sporothermo-
durans strains isolated from a wide range of geographic areas,
including Asia, South America, and Europe, and from different
sources, as outlined above. The resulting genetic relationships

* Corresponding author. Mailing address: Nestlé Research Center,
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found among the strains should allow workers to determine
the relative contributions of different possible contamination
sources.

MATERIALS AND METHODS

Bacterial strains used and isolation of new B. sporothermodurans strains. The
isolates from European UHT-treated and sterilized milk and the isolates from
raw milk and animal feed (feed concentrate, silage, pulp, soy) have been de-
scribed previously (12, 22, 24). A total of 2,113 UHT-treated or sterilized milk
samples were collected worldwide (Pakistan, Ecuador, Dominican Republic,
Mexico) in local supermarkets and factories during the second half of 1998. The
products were incubated for 5 to 7 days at 37°C, and 0.1 ml of each product was
streaked onto brain heart infusion broth (Oxoid) supplemented with vitamin B12

(1 mg/liter; Sigma) and bacteriological agar 1 (15 g/liter; Oxoid) (pH 6.8). Petri
dishes were incubated at 37°C for 2 days. Typical colonies of B. sporothermo-
durans (20) and also spores were identified by phase-contrast microscopy and
retained. All of the strains are listed in Table 1, including B. sporothermodurans
type strain MB 581 (� DSMZ 10599) and a raw milk isolate of Bacillus oleronius,
the closest phylogenetic neighbor of B. sporothermodurans (4, 10, 22).

Identification of presumptive B. sporothermodurans isolates. Presumptive B.
sporothermodurans colonies were identified by two PCR methods. The first
method, HRS-PCR (22) performed with sequences obtained by subtractive hy-
bridization, was performed with the primers SH2-F1 (5�GATTCAGGCAGAA

TGTAGCA3�) and SH2-R (5�TTTCGCCACTTGATGGTACA3�) (Microsynth
AG, Balgach, Switzerland) as described by Herman et al. (13). In addition, a
newly developed primer pair, F2 (5�ACGGCTCAACCGTGGAG3�) and R2
(5�GTAACCTCGCGGTCTA3�), for amplification of a B. sporothermodurans-
specific 16S rDNA fragment was used as described by Scheldeman et al. (22).

Automated ribotyping and data analysis. All B. sporothermodurans isolates
were processed at least two times by using the automated microbial character-
ization system (RiboPrinter; Qualicon, Inc., Wilmington, Del.) and restriction
enzymes EcoRI and PvuII (Qualicon) as described elsewhere (2). All ribopat-
terns with similarity coefficients higher than 0.93 were considered identical by the
RiboPrinter software and were grouped together based on the position and
intensity of the bands to form a ribogroup (a set of isolates with indistinguishable
ribotypes). Further refinement of the automated ribogrouping was performed by
visual evaluation of closely related ribopatterns, which resulted in merger or
separation of ribogroups.

REP-PCR. Total genomic DNA from purified B. sporothermodurans strains
was isolated by using the method of Pitcher et al. (21), as slightly modified by
Heyndrickx et al. (15), and the DNA concentration was determined with a
spectrophotometer. Total genomic DNA (25 ng) was used as the template in
REP-PCR performed with primers REP1R-I (5� IIIICGICGICATCIGGC3�)
and REP2-I (5�ICGICTTATCIGGCCTAC3�) (Isogen Bioscience bv), and the
REP fragments were separated by denaturing polyacrylamide gel electrophoresis
and silver stained as described by Herman et al. (12). All strains were analyzed
in the same REP-PCR experiment and on the same gel to minimize possible

TABLE 1. B. sporothermodurans and B. oleronius strains used in this study and their originsa

B. sporothermodurans
strain(s)

Country of
origin Product

PCR
(primers SH2-F1

and SH2-R)b

PCR
(16S rDNA-

based primers)c

PvuII
ribogroup

EcoRI
ribogroup

REP-PCR
group

UHT isolates
MB 1320, MB 1325, MB 1512 Dominican Republic Sterilized milk � � A1 B3 C2a
MB 1324 Dominican Republic Sterilized milk � � A1 B1 C2a
MB 1511, MB 1517 Dominican Republic Sterilized milk � � A1 B1 C2d
MB 1516 Dominican Republic Sterilized milk � � A1 B7 C2d
MB 1327 Ecuador Sterilized milk � � A1 B3 C2a
MB 1513 Ecuador Sterilized milk � � A1 B1 C2d
MB 1326, MB 1514 Ecuador Sterilized milk � � A1 B1 C2c
MB 1515 Ecuador UHT milk � � A1 B3 C2b
MB 372 Germany UHT milk � � A12 B6 C1
MB 374 Germany UHT milk � � A4 B5 C1
MB 373 Germany UHT milk � � A11 B4 C1
MB 1321 Pakistan UHT milk � � A1 B3 C2a
MB 1323 Mexico UHT milk � � A1 B3 C2a
MB 582 (� TP12481)d France UHT milk � � A1 B19 C2d
MB 338 Italy UHT milk � � A1 B1 C2d
MB 581T (� DSMZ 10599T)e Italy UHT milk � � A2 B3 C2d
MB 512 Belgium UHT milk � � A1 B2 C2d
MB 404 Belgium UHT milk � � A1 B8 C2a
MB 389, MB 390 Belgium UHT milk � � A1 B1 C2d
MB 359 Belgium UHT milk � � A1 B3 ND

Farm isolates
MB 1494 Belgium Soy � � A8 B9 C5
MB 1495 Belgium Soy � � A15 B10 C13
MB 1497 Belgium Feed concentrate � � A5 B20 C4
MB 1498 Belgium Feed concentrate � � A7 B14 C12
MB 1499 Belgium Feed concentrate � � A3 B12 C13
MB 1500 Belgium Feed concentrate � � A9 B13 C9
MB 1501 Belgium Feed concentrate � � A5 B17 C3
MB 1506 Belgium Feed concentrate � � A13 B16 C6
MB 1508 Belgium Feed concentrate � � A6 B15 C10
MB 1316 Belgium Feed concentrate � � A14 B11 C14
MB 1317 Belgium Feed concentrate � � A10 B9 C7
MB 1505 Belgium Silage � � A13 B17 C2b
MB 385 Belgium Raw milk � � A16 B18 C8

B. oleronius MB 397 France Raw milk � �

a Identification and characterization were performed by using PCR, ribotyping, and REP-PCR as described in this paper.
b PCR results obtained by using the method of Herman et al. (13).
c PCR results obtained by using the method of Scheldeman et al. (22).
d The designation in parentheses is the designation of Pettersson et al. (20).
e DSMZ, German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany.
f ND, not determined.
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variations in patterns caused by experimentation (12). A REP-PCR pattern
could not be obtained for strain MB 359.

Banding pattern data analyses. Digitized images of the gel obtained with the
RiboPrinter were converted with the GelConvert program (Qualicon) and were
analyzed by the unweighted pair group arithmetic (UPGMA) clustering algo-
rithm computed by the GelCompar software (version 4.1; Applied Maths, Sint-
Martens-Latem, Belgium) by using the Pearson product moment correlation
coefficient with optimization of 1%. REP-PCR patterns on the silver-stained gels
were scanned with a flat-bed scanner (Agfa SnapScan1236S; Agfa-Gevaert N.V.,
Mortsel, Belgium), and images were analyzed by UPGMA clustering computed
by BioNumerics software (version 2.0; Applied Maths) by using the Pearson
product moment correlation coefficient with optimization of 1%. Normalized
REP-patterns were also visually classified in REP groups.

Combined clustering of the two ribopatterns and the REP-PCR profiles was
performed by using the BioNumerics 2.0 software. To do this, the converted
ribopatterns obtained with EcoRI or PvuII were introduced into the BioNumer-
ics 2.0 program, and each pattern was linked with the strain database. Combi-
nation of the three experiment types was implemented in such a way that the
typing methods used (REP-PCR, EcoRI riboprinting, and PvuII riboprinting)
were weighted 2:1:1. For UPGMA clustering for this combination of experiment
types, the same cluster analysis settings that were used for each experiment type
separately were used (i.e., Pearson product moment correlation coefficient).
Finally, multidimensional scaling of the combined cluster analysis allowed visu-
ally interpretable grouping of the strains in a three-dimensional plot.

RESULTS

Identification. Fourteen new isolates of B. sporothermo-
durans were obtained in this study from contaminated UHT-
treated or sterilized consumer milk (designated UHT isolates)
from the Dominican Republic, Ecuador, Pakistan, and Mexico.
These strains reacted positively as determined by the two PCR-
based methods used for identification of B. sporothermodurans
(Table 1), the HRS-PCR developed by Herman et al. (13) and
the recently developed PCR based on specific 16S rDNA se-
quence stretches described by Scheldeman et al. (22). The
reaction pattern was similar to that for the 11 European iso-
lates from UHT-treated and sterilized milk listed in Table 1
and reported by Scheldeman et al. (22). However, in the pre-
vious study, it was found that 11 of the 13 isolates from raw
milk or animal feed (feed concentrate, soy, silage) (designated
farm isolates) (Table 1) reacted negatively in the HRS-PCR
and positively in the 16S rDNA-based PCR; only two farm
strains included in the present study (MB 1501 and MB 1505)
reacted positively in both PCR tests (Table 1).

Ribotyping. Molecular characterization of B. sporothermo-
durans strains and the B. oleronius reference strain was per-
formed by automated ribotyping by using the restriction en-
zymes PvuII and EcoRI. Sixteen distinct major ribogroups
were determined with PvuII (ribogroups A1 to A16) (Table 1
and Fig. 1). The three largest ribogroups, ribogroups A1, A5,
and A13, contained 21, 2, and 2 strains, respectively (Tables 1
and 2), whereas the other 13 ribogroups were each represented
by a single strain. Based on the cluster analysis performed with
the ribopatterns of 39 strains (including B. sporothermodurans
type strain MB 581 and the reference strain of B. oleronius), a
dendrogram was constructed (Fig. 1). Two main clusters, clus-
ters P1 and P2, were discerned visually and by cluster analysis
at similarity levels of 91 and 71%, respectively. These two
clusters exhibited 58% similarity to each other. The majority of
the UHT isolates (21 of 25 isolates) were found in cluster P1,
which included one ribogroup. These UHT isolates appeared
to be closely related to each other, as reflected by the high
similarity values (91 to 99%). All these isolates produced a

typical pattern consisting of at least seven conserved bands at
ca. 7.2, 8.3, 9.3, 11.0, 13.0, 25.0, and 45.0 kbp. In cluster P2,
which was defined at a lower similarity level (71%), 14 different
ribogroups were found; there were typical bands at ca. 5.4, 7.1,
7.5, 8.5, 9.0, 11.0, and 25.0 kbp in the patterns of most of the
strains, while 13.0- and 45.0-kbp fragments were missing com-
pared to the patterns of cluster P1 strains. Remarkably, UHT
strains MB 372, MB 373, and MB 374, all of which originated
from Germany, had clearly distinct patterns and were members
of cluster P2 along with all 13 farm isolates. Type strain MB
581 was located separately between clusters P1 and P2.

With EcoRI, 20 distinct ribogroups were found, and these
ribogroups were designated ribogroups B1 to B20 (Table 1 and
Fig. 2). Ribogroups B1 and B3 each contained nine strains,
while two strains belonged to ribogroups B9 and B17. Sixteen
ribogroups were represented by a single strain. All 38 strains of
B. sporothermodurans produced at least five typical conserved
bands, at ca. 2.2, 2.9, 3.8, 7.0, and 8.3 kbp. The dendrogram
constructed with the EcoRI-generated patterns showed high
degrees of similarity (ca. 80% without strain MB 582) among
the B. sporothermodurans strains (Fig. 2). Despite the lower
diversity, two main clusters, designated clusters E1 and E2,
were discerned visually and by cluster analysis at similarity
levels of 81 and 86%, respectively. Interestingly, cluster E1
encompassed 24 UHT isolates but did not contain UHT strain
MB 582, whereas cluster E2 contained all 13 farm isolates.
Compared to the ribopatterns of the UHT isolates, most of the
ribopatterns in cluster E2 showed polymorphisms in the region
between 4.0 and 6.0 kbp, and one or two extra bands were
present. The farm isolates were scattered in 11 distinct ribo-
groups, confirming the genetic variability observed with the
PvuII-generated patterns. UHT strain MB 582 (� TP1248)
formed a separate ribogroup, ribogroup B19. This result is in
agreement with the previous finding of Pettersson et al. (20),
who described strain TP1248 as a strain that is slightly atypical
based on ribotyping analysis.

As illustrated in Table 2, the combination of restriction
enzymes PvuII and EcoRI enabled a finer level of discrimina-
tion, as illustrated for strains MB 1497 and MB 1501. These
strains, which constituted a single ribogroup (ribogroup A5)
when PvuII was used, could be differentiated from each other
with EcoRI (ribogroups B20 and B17). Conversely, strains MB
1317 and MB 1494, which were indistinguishable on the basis
of typing with EcoRI (ribogroup B9), could be discriminated
with PvuII (ribogroups A10 and A8). Also, strain TP1248 could
be separated from all other strains only when EcoRI was used.
All the PvuII ribogroups could be further differentiated with
EcoRI and vice versa. However, the relationship between dif-
ferent PvuII and EcoRI ribogroups in some instances was
rather complex.

B. oleronius MB 397 was ribotyped as an outlier. The PvuII-
or EcoRI-generated ribopatterns of B. oleronius MB 397 were
clearly different from those obtained with all the B. sporother-
modurans strains (similarity levels, 40 and 57%, respectively).

REP-PCR. Molecular characterization of B. sporothermo-
durans strains and the B. oleronius reference strain was per-
formed by REP-PCR by using high-resolution separation of
the bands by polyacrylamide gel electrophoresis and silver
staining. Fourteen distinct major REP groups were visually
determined (REP groups C1 to C14) (Table 1 and Fig. 3). The
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two largest REP groups, REP groups C1 and C2, contained 3
and 22 strains, respectively (Table 1), whereas the other 12
REP groups were each represented by a single strain. In com-
parison with B. oleronius, all B. sporothermodurans strains were

characterized by a conserved major band at ca. 1,020 bp. Fur-
thermore, strains belonging to REP groups C1 and C2, which
contained all UHT isolates and only one farm isolate (MB
1505), were characterized by major conserved bands at ca. 875,

FIG. 1. Dendrogram of 38 strains of B. sporothermodurans and one strain of B. oleronius obtained after restriction with PvuII. The strain
designations correspond to those shown in Table 1. The scale bar indicates the percentage of similarity.

VOL. 68, 2002 GENETIC HETEROGENEITY IN B. SPOROTHERMODURANS 4219



730, and 600 bp. Remarkably, the German UHT strains, MB
372 to MB 374, belonged to the same REP group, REP group
C1, which could be differentiated from REP group C2, which
contained the other UHT strains from different countries, by
the absence of a major conserved band at ca. 850 bp in REP
group C2. The largest REP group (REP group C2) could be
further subdivided into four subgroups on the basis of minor
polymorphisms (presence or absence of minor bands at various
molecular weights). These four subgroups, subgroups C2a to
C2d (Table 1 and Fig. 3), contained 8, 2, 2, and 10 strains,
respectively.

By performing a cluster analysis of the REP patterns, a
dendrogram was constructed (Fig. 3). All of the B. sporother-
modurans strains showed an overall similarity level of only
50%, indicating great genetic diversity. Only one major cluster,
cluster R1, could be discerned visually and by cluster analysis
at a meaningful similarity level (80%). All the UHT isolates
were found in this major cluster, which contained REP groups
C1 and C2. With the exception of two strains (MB 1494 and
MB 1497) which exhibited 84% similarity to each other, the
farm strains exhibited less than 80% similarity to each other
and to the major cluster R1 strains. The closest relatives of
cluster R1 of UHT isolates based on their REP patterns were
farm strains MB 385 (isolated from raw milk) and MB 1317
(isolated from feed concentrate), at a similarity level of 76%.
Surprisingly, farm strain MB 1505 belonging to REP group
C2b (Table 1) clustered at only 69% similarity with cluster R1
containing the other REP group C2 strains. This can probably
be explained by differences in band intensity, such as a less
intense major band at ca. 1,020 bp in the pattern of MB 1505
(Fig. 3), which is known to influence clustering by the Pearson
correlation coefficient (25).

The REP pattern of B. oleronius reference strain MB 397 was
clearly different from the main B. sporothermodurans pattern.

Combined analysis of ribotyping and REP-PCR patterns.
The overall or consensus genetic relatedness among the B.
sporothermodurans strains was inferred from a combined nu-
merical analysis of the ribopatterns obtained with PvuII and
EcoRI and the REP-PCR patterns by performing a UPGMA
cluster analysis and by three-dimensional scaling. In the cluster
analysis (data not shown), 21 of the 24 UHT strains included
clustered together at a minimal similarity level of 81%. In this
cluster, 19 UHT strains clustered together at 86% similarity,
with strain MB 582 and type strain MB 581 joining at 84 and
81%, respectively. Conversely, 10 of the 13 farm strains and the
three German UHT strains (MB 372 to MB 374) produced a
cluster at a lower level of similarity (70%), exhibiting only 67%
similarity to the major cluster of UHT strains. The remaining
three farm strains (MB 1316, MB 1495, and MB 1499) clus-
tered together at 76% similarity and exhibited a lower level of
similarity (64%) to all other B. sporothermodurans strains.

The results of the combined analysis of the data by three-
dimensional scaling are shown in Fig. 4. In this nonhierarchical
presentation of the relationships among the strains, essentially
the same groups were obtained as in the hierarchical cluster
analysis explained above. All UHT strains except the three
German UHT strains formed a compact group, while all farm
strains formed a very diffuse group clearly separated from the
group of UHT strains. The only remarkable difference from
the UPGMA cluster analysis was the grouping of the three
German UHT isolates at the outer edge of the diffuse group of
farm strains, showing a somewhat closer relationship to the
other UHT isolates.

DISCUSSION

In this study, European isolates of B. sporothermodurans
from UHT-treated and sterilized milk and isolates obtained
from a large screening analysis of heat-resistant sporeformers
from the farm environment (raw milk, feed concentrate, si-
lage), as well as new non-European isolates from UHT-treated
and sterilized milk, were characterized at different molecular
levels. The new UHT isolates were obtained from different
continents and countries (Mexico, Ecuador, Dominican Re-
public, Pakistan) and were found to be positive by both the
HRS-PCR (13) and the general B. sporothermodurans-specific
PCR (22). In contrast, the majority of the farm isolates reacted
negatively in the HRS-PCR (22). This result confirms that the
HRS-PCR is more discriminatory for the B. sporothermodurans
strains which are relevant for UHT-treated products.

In a polyphasic typing approach, separate clustering analyses
of PvuII and EcoRI ribopatterns and of REP-PCR patterns
were largely consistent with each other and revealed the exis-
tence of two main clusters; one homogeneous group contained
all (REP-PCR) or most (ribotyping) of the UHT isolates, and
the second, more diverse group comprised the farm isolates
(Fig. 1 to 3). The high level of genetic homology of most of the
UHT isolates was further shown by a combined analysis of all
molecular typing data in this study, both by cluster analysis and
by three-dimensional scaling, which revealed a very compact
cluster or group of isolates. The close genetic relationship of
the UHT isolates suggests a clonal origin (HRS clone), which
is particularly remarkable since B. sporothermodurans strains
were isolated from UHT-treated and sterilized milk samples
produced on three different continents.

The three German isolates were the only UHT strains whose
genetic characteristics were quite different from those of the
majority of the UHT strains. In a combined cluster analysis of
all molecular typing data obtained in this study, the three
German UHT strains clustered with the farm strains. A three-
dimensional scaling analysis of all molecular typing data
showed that these strains were at the border of the diffuse
group of farm strains and directed to the compact group of
UHT isolates. The latter observation and the REP-PCR and
EcoRI ribotyping cluster analysis data suggest that the German
UHT isolates have a remote genetic relationship with the HRS
clone. This could also suggest that the extreme resistance of
spores to sterilization temperatures is restricted to particular
clones that have a possible common ancestor.

In contrast to the homogeneity found for the majority of the
UHT isolates, the ribopatterns and REP patterns of the B.

TABLE 2. Relationships between the different most important
PvuII and EcoRI ribogroupsa

PvuII ribogroup EcoRI ribogroups

A1 (21) ....................B1 (9), B2 (1), B3 (8), B7 (1), B8 (1), B19 (1)
A5 (2) ......................B17 (1), B20 (1)
A13 (2) ....................B16 (1), B17 (1)

a The numbers in parentheses are the numbers of isolates in the ribogroups.
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sporothermodurans strains isolated from animal feed (feed con-
centrate, silage, soy) and raw milk were much more diverse.
Most of the ribogroups and all 12 REP types for the farm
isolates were represented by a single strain (Table 1). Also, the

two HRS-PCR-positive farm strains, which originated from
feed concentrate and silage, produced patterns that were dif-
ferent from each other and from the patterns of the main
group of UHT isolates (HRS clone) in the ribotyping analysis.

FIG. 2. Dendrogram of 38 strains of B. sporothermodurans and one strain of B. oleronius obtained after restriction with EcoRI. The strain
designations correspond to those shown in Table 1. The scale bar indicates the percentage of similarity.
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Overall, it seems that there is no 100% concordance between
a positive result in the HRS-PCR analysis and an HRS clone
pattern determined by molecular typing.

Milk powder has been suggested to be a possible source of
contamination of heat-treated dairy products (8). Since in
some plants, UHT-treated or sterilized milk is prepared from
imported milk powder, this practice could explain the spread of
the same B. sporothermodurans HRS clone over different con-
tinents. Within one country, one can envisage a contamination

route via raw milk that has been contaminated through animal
feed at the farm level. Based on this assumption, one would
expect to find B. sporothermodurans strains having similar ri-
bopatterns or REP-PCR patterns in animal feed or raw milk,
as well as in UHT-treated or sterilized milk. However, the
combined analysis of all typing data definitely showed that
none of the farm isolates genetically resembled any of the
UHT isolates. Since all farm isolates in this study originated
from Belgium, they probably represent only a limited part of

FIG. 3. Dendrogram of 37 strains of B. sporothermodurans and one strain of B. oleronius obtained by REP-PCR. The strain and REP group
designations correspond to those shown in Table 1. The scale bar indicates the percentage of similarity as determined with the Pearson coefficient.
The dark zones under the metric scale represent parts of the REP patterns omitted in the numerical analysis.
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the natural genetic diversity of B. sporothermodurans. The data
presented here confirm the hypothesis that the regular occur-
rence of contaminated UHT-treated and sterilized milk in
some European dairy plants in the mid-1990s, as well as the
present sporadic occurrence of contamination, can also be
caused by circulation of the HRS clone within and between
UHT production units. Occasionally, contamination of UHT-
treated milk by a new genetic type (e.g., a type originating at
the farm level) occurs, as exemplified here by the German
UHT isolates. At present, the data obtained in this study do
not favor or eliminate any of the potential contamination
routes mentioned above.

In conclusion, this molecular typing study showed that a few
clones of B. sporothermodurans, including the so-called HRS
clone, have been and are still responsible for the contamina-
tion of UHT-treated and sterilized milk and milk products due
to the production of highly heat-resistant spores. In particular,
the HRS clone has spread over several European countries and
even between continents. The strains isolated from UHT-
treated and sterilized milk show a close genetic relationship,
suggesting a common ancestry for the production of highly
heat-resistant spores. An intriguing question which emerges, is
whether the capacity to produce highly heat-resistant spores
that allow survival after certain heat treatments is restricted to
the subgroup of UHT isolates or whether it is a property more
widespread in B sporothermodurnans, including the farm iso-
lates. Although heat resistance is not an absolute spore prop-
erty and is influenced by several factors, such as repeated
laboratory cultivation (16), preliminary studies indicate that
some farm isolates produce spores with remarkably high heat
resistance. However, it remains to be determined whether
these spores can also survive UHT treatment (O. Guillaume-
Gentil, P. Keijzer, P. Scheldeman, and M. Heyndrickx, unpub-
lished data). The molecular typing techniques used in this
study demonstrated the great genetic heterogeneity of B. spo-
rothermodurans isolates from dairy farms, even though they
had been isolated in only one country. Because of this observed
heterogeneity, the original taxonomic description of B. sporo-
thermodurans, which was based on only a few genetically ho-
mogeneous UHT isolates (20), may no longer be adequate.

FIG. 4. Visual three-dimensional representation of the combined
clustering of the two ribotyping patterns (EcoRI and PvuII) and REP-
PCR profiles of 37 strains of B. sporothermodurans and one strain of B.
oleronius, obtained by multidimensional scaling of the cluster as ex-
plained in text. The strain designations correspond to those shown in
Table1.
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hitze resistente mesophile Bacillus-Sporen in UHT-Milch. Dtsch. Milch-
wirtsch. 13:588–592.

18. Klijn, N., L. Herman, L. Langeveld, M. Vaerewijck, A.Wagendorp, I. Hue-
mer, and A. Weerkamp. 1997. Genotypical and phenotypical characteriza-
tion of Bacillus sporothermodurans strains, surviving UHT sterilization. Int.
Dairy J. 7:421–428.

19. Nociari, M. M., M. Catalano, M. Torrero, and D. O. Sordelli. 1996. Pseudo-
monas aeruginosa ribotyping: stability and interpretation of ribosomal
operon restriction patterns. Diagn. Microbiol. Infect. Dis. 25:27–33.

20. Pettersson, B., F. Lembke, P. Hammer, E. Stackebrandt, and F. Priest. 1996.
Bacillus sporothermodurans, a new species producing highly heat-resistant
endospores. Int. J. Syst. Bact. 46:759–764.

21. Pitcher, D. G., N. A. Saunders, and R. J. Owen. 1989. Rapid extraction of
bacterial genomic DNA with guanidium thiocyanate. Lett. Appl. Microbiol.
8:151–156.

22. Scheldeman, P., L. Herman, J. Goris, P. De Vos, and M. Heyndrickx. 2002.
Polymerase chain reaction identification of Bacillus sporothermodurans from
dairy sources. J. Appl. Microbiol. 92:983–991.

23. Skinner, G. E., S. M. Gendel, G. A. Fingerhut, H. A. Solomon, and J.
Ulaszek. 2000. Differentiation between types and strains of Clostridium bot-
ulinum by riboprinting. J. Food Prot. 63:1347–1352.

24. Vaerewijck, M. J. M., P. De Vos, L. Lebbe, P. Scheldeman, B. Hoste, and M.
Heyndrickx. 2001. Occurrence of Bacillus sporothermodurans and other aer-
obic sporeforming species in feed concentrate for dairy cattle. J. Appl.
Microbiol. 91:1074–1084.

25. Vandamme, P., B. Pot, M. Gillis, P. De Vos, K. Kersters, and J. Swings. 1996.
Polyphasic taxonomy, a consensus approach to bacterial systematics. Micro-
biol. Rev. 60:407–438.

4224 GUILLAUME-GENTIL ET AL. APPL. ENVIRON. MICROBIOL.


