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Three molecular typing methods, repetitive-sequence-based PCR (rep-PCR) fingerprinting, plasmid profil-
ing, and arbitrarily primed PCR fingerprinting, were used to characterize isolates of Salmonella enterica serovar
Saintpaul. Most of the isolates were obtained from epidemic human cases of food-borne salmonellosis, together
with some from the food material suspected to be the source of infection, and a few were obtained from other
cases apparently not related to the epidemic. All three methods adequately discriminated the epidemic strain
from other strains of the serovar. In addition several isolates from human cases which are not identical to the
epidemic strain were found. These isolates therefore must have been responsible for some sporadic infections,
which were only temporally related to the epidemic. These strains showed a high degree of similarity to a strain
isolated from a turkey. rep-PCR fingerprinting with REP-Dt primers and primer ERIC1R, applicable even to
crude cell lysates, offers an attractive choice as a primary method for the discrimination of various Salmonella
serotypes as well as isolates within serotype Saintpaul.

Identification of an epidemic strain is often critical to the
success of epidemiological investigations aimed at preventing
the spread of infection and eradicating its source (24, 25).
Methods for epidemiological investigations of bacterial dis-
eases which rely on phenotypical properties of the pathogens
often lack the necessary resolution potential for strain discrim-
ination. They are not able to detect minor primary changes in
the bacterial genome that do not influence particular features
(20, 34). Therefore, although it is true that phenotypic methods
of microbial characterization are still useful, newer methods
based on the molecular analysis of the genome have become
important for the epidemiological characterization of patho-
gens. Plasmid profiling, arbitrarily primed PCR (AP-PCR) fin-
gerprinting, and, lately, repetitive-sequence-based PCR (rep-
PCR) fingerprinting have been extensively used to characterize
strains of various bacterial species (1, 5–11, 13, 16–23, 27,
30–32). rep-PCR fingerprinting has been reported as being
relatively simple, rapid, and sensitive for discriminating be-
tween closely related strains (4, 7, 21–23, 16, 19, 27–30, 33).
However, this method has not been applied to date on field
strains of Salmonella enterica serovar Saintpaul (referred to
herein as S. saintpaul). This pathogen was recently implicated
in a food-borne gastroenteritis epidemic in Germany; it, S.
enterica serovar Rubislaw (S. rubislaw), and S. enterica serovar
Javiana (S. javiana) are the most frequently isolated strains.
They have been among 94 different serovars isolated from both
patients and paprika-containing food items during the epi-
demic (12). The current study describes the usefulness of the
three molecular typing methods to discriminate the epidemic
strain of S. saintpaul from among several isolates of the serovar
recovered from human stool samples during the course of the
epidemic as well as from sources not related to the epidemic.

MATERIALS AND METHODS

Bacterial isolates. Bacterial isolates of S. saintpaul used in this work were
divided into three groups. Group 1 consisted of five strains obtained from
suspected food material (potato chips) isolated between June and July 1993.
Group 2 consisted of 39 strains from human cases of salmonellosis isolated
between June and September 1993. Group 3 consisted of seven strains: five
isolates from human cases not temporally related to the epidemic (one isolate
from March 1993, one from November 1995, two from December 1995, and one
from March 1996), one isolate obtained from poultry in November 1995, and one
unrelated strain from the culture collection of our laboratory. All isolates were
received as cultures on standard I agar (15 g of peptone, 3.3 g of beef extract, 6 g
of sodium chloride, 1.01 g of glucose, 12 g of agar [pH 7.2]; Merck).

Preparation of crude chromosomal DNA. The preparation of DNA for rep-
PCR followed the boiling method described by Versalovic et al. (28), including
the sonication step. Additionally, 1 volume of chloroform was added to the cell
suspension after boiling, and the probes were centrifuged at 13,000 3 g for 30 s.
The clear supernatant was recovered and preserved as crude cell lysates con-
taining DNA. Finally, the nucleic acid concentration was adjusted to 50 ng/ml and
the suspension was stored at 220°C ready for use in rep-PCR. DNA from
isolates that were used in AP-PCR was purified further by extraction with an
equal volume of phenol-chloroform and subsequently with 1 volume of chloro-
form. DNA in the resulting supernatant was precipitated with 96% ethanol.
Finally, the pellet was washed in 70% ethanol, dried under vacuum, and resus-
pended in 50 ml of T10E1 buffer. The purified DNA was then stored at 220°C for
use in AP-PCR.

Conditions of PCR. Each of the 50-ml PCR volumes was composed of auto-
claved deionized water, magnesium-free reaction buffer (pH 9.0; Invitrogen
GmbH), a deoxynucleotide triphosphate mixture (200 mM concentrations of
dATP, dCTP, dTTP, and dGTP; Pharmacia Biotech), 2.5 U of Taq polymerase
(Pharmacia), primer(s) (2 mM for single primers or 1 mM each for paired
primers), template DNA representing 100 ng of DNA, and a wax bead containing
3.5 mM magnesium ions (Invitrogen GmbH). The primers used for rep-PCR
were REP1R-Dt (59-IIINCGNCGNCATCNGGC-39) and REP2-Dt (59-
NCGNCTTATCNGGCCTAC-39) as a pair (REP-Dt pair) and ERIC1R (59-A
TGTAAGCTCCTGGGGATTCAC-39) as a single (28, 29). AP21 and AP22,
used in AP-PCR, have been described by Ralph et al. (17). DNA amplification
was done on either Biometra TRIO-Thermoblock (Göttingen, Germany) or on
a Hybaid thermocycler (MWG Biotec, Ebersberg, Germany) under block con-
trol. The temperature profile for ERIC1R PCR was as described previously (28)
with some modifications: 1 initial cycle at 94°C for 4 min, 35 cycles of denatur-
ation at 94°C for 1 min, annealing at 52°C for 1 min, and extension at 65°C for
8 min, with a single final extension step at 65°C for 15 min. For the REP-Dt
primer pair, the annealing temperature was 40°C for 1.30 min and the reaction
was allowed to run for 30 cycles. Primer extension was at 72°C for 1.30 min, with
a final extension temperature of 72°C for 10 min. For AP-PCR with AP21 and
AP22, the annealing temperature was 30°C for 1 min and the primers were
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extended at 72°C for 2 min. The rest of the temperature profile was identical to
that for the REP-Dt primer pair.

PCR amplicons were resolved on 1.2% (wt/vol) agarose (Biozym Diagnostik
GmbH) by horizontal electrophoresis in TAE buffer (4.84 g of Tris base, 1.14 ml
of glacial acetic acid, 0.1 mM EDTA; pH 8.0). Gels were stained with ethidium
bromide (0.5 mg per ml of TAE buffer), visualized under UV transillumination,
and photographed on a computer-controlled image analyzer (Vilber Lourmat
Biotechnology, Torcy, France).

Plasmid profiling. For plasmid profiling a small-scale procedure of plasmid
preparation described by Beyer and Geue was used (3). Plasmid marker DNA
from laboratory strains of Escherichia coli was extracted in the same way from
agar plates containing appropriate antibiotics.

Plasmid DNA was analyzed by electrophoresis with 60 ml of lysate in 0.6%
agarose (Biozym Diagnostik GmbH) in TAE electrophoresis buffer. Electro-
phoresis was performed at 22 V overnight for detection of high-molecular-weight
plasmids and for 7 h for detection of smaller plasmids. E. coli marker DNA (25)
for high-molecular-mass plasmids pIP40a (96 MDa), R27 (112 MDa), RP1 (38
MDa), R6K (26 MDa), and R1 (47 MDa) and for low-molecular-mass plasmid
V517 (35.4, 4.75, 3.7, 3.4, 2.6, 1.98, 1.78, and 1.4 MDa) was included in the
respective gel runs. The gels were stained with ethidium bromide after electro-
phoresis, and the separated plasmid DNA was visualized by UV transillumina-
tion.

Evaluation of fingerprint patterns. Statistical comparisons of the PCR finger-
prints were performed either as unweighted comparisons of peak positions or as
comparisons of peak positions and the values of a densitometric scan, and the
fingerprints were clustered according to the unweighted pair group method by
arithmetic averaging with the computer-assisted analytical program DNA Fin-
gerprint Analyzer (Wincam 2. 3 Modul; Cybertech, Berlin, Germany).

RESULTS

The aim of this study was to evaluate the usefulness of
rep-PCR to discriminate an epidemic strain of S. saintpaul
from several isolates of this pathogen obtained from cases of a
documented outbreak of salmonellosis.

Table 1, in combination with Fig. 1 and 2, summarizes the

results for the rep-PCR fingerprint patterns obtained from
isolates of all three groups of S. saintpaul.

Fingerprinting with primer pair REP-Dt (Fig. 1) generated
patterns of seven major bands between 500 bp and 1.8 kbp,
which were used for comparison analysis. Some minor bands of
less than 400 bp and one minor band of more than 2.6 kbp
which had poor reproducibility were not included in the anal-
ysis. Three different patterns, designated AI to AIII, were
generated with this primer pair.

Fingerprinting with primer ERIC1R (Fig. 2) generated pat-
terns of 10 major bands between 200 bp and 1.8 kbp, which
were used for comparison analysis. Some additional minor
bands were not included in the analysis. Again, three different
banding patterns, designated BI to BIII, were generated. Iso-
lates with any of these three patterns are not identical to
isolates belonging to pattern groups AI to AIII.

Because all the patterns of group 1 isolates recovered from
suspected contaminated human food material (potato chips)
yielded identical fingerprints with each primer used (data not
shown), only one, isolate XL4427 (Fig. 1 and 2, lanes 1), taken
to be a reference strain, was fingerprinted together with each
isolate from groups 2 and 3. It was noted that with either
primers 37 of 39 isolates of group 2 yielded fingerprints iden-
tical to the one from isolate XL4427. For these isolates, isolate
026625 was taken as a reference in Fig. 1 and 2, lanes 3. This
prevalent banding pattern has been designated AI/BI. Two of
the group 2 isolates, 019171 isolated in June 1993 and 041120
isolated in September 1993, yielded fingerprints with notable
variations (Fig. 1 and 2, lanes 4 and 5). These fingerprints
belonged to pattern types AII and BII. For a given primer,
pattern type II differed from pattern I by having either an
additional band or by the lack of a major band. These and

FIG. 1. Rep-PCR fingerprint patterns of S. saintpaul obtained with the
REP-Dt primer pair. Lanes (isolate, source, date of isolation): 1, XL4427, potato
chips, July 1993; 2, GGD930D, poultry, November 1995; 3, 026625, human feces,
July 1993; 4, 019171, human feces, June 1993; 5, 041120, human feces, September
1993; 6, 211054, human feces, March 1993; 7, 143095, human feces, December
1995; 8, laboratory strain (date unknown); 9, negative control; 10, 100-bp marker.

TABLE 1. Fingerprint pattern categories and plasmid profile types obtained from isolates of S. saintpaul

Isolate Group Date of isolation Source
Pattern by rep-PCR with primer: Plasmid

profile typeREP-Dt ERIC1R

211054 3 March 1993 Human AII BII 3
019171 2 June 1993 Human AII BII 4
XL4427 1 June 1993 Potato chips AI BI (reference) 1
026625 2 July 1993 Human AI BI (reference) 1
041120 2 September 1993 Human AII BII 3
GGD930D 3 November 1995 Poultry AIII BII 2
143095 3 December 1995 Human AIII BII 1
206917 3 March 1996 Human AI BI 5
41 3 Unknown Laboratory

strain
AII BIII 1

FIG. 2. Rep-PCR fingerprint patterns of S. saintpaul with the ERIC1R
primer. Lane assignments are the same as in Fig. 1.
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other variations in fingerprint patterns were also noted in four
of seven of the group 3 isolates. Whereas the remaining three
isolates yielded the same pattern as that of the epidemic strain,
AI/BI, isolate 211054, obtained from a human in March 1993
(Fig. 1 and 2, lanes 6) had pattern type AII/BII. Isolates 143095
(from a human in November 1995) and GGD930D (from poul-
try in November 1995) yielded identical fingerprints with both
primers, and these differed from the most prevalent pattern,
AI/BI, by having an additional band of about 800 bp when
REP-Dt was used (Fig. 1, lanes 7 and 2) and by having an
additional band of about 1,000 bp as well as a missing band of
about 300 bp when ERIC1R was used (Fig. 2, lanes 7 and 2).
These differences made the banding patterns of the two iso-
lates highly similar to banding pattern AII and identical to
banding pattern BII. But with primer pair REP-Dt an addi-
tional band at about 550 bp generated a difference. Therefore,
these two isolates had banding patterns belonging to pattern
type AIII/BII. With strain 41, which had been isolated and
stored in our laboratory about 10 years ago, a banding pattern
of the type AII/BIII was generated (Fig. 1 and 2, lanes 8). It
was the only strain generating a third pattern with ERIC1R,
characterized by two major bands between 300 and 400 bp.
Strain 206917, from a human in March 1996, as well as two
strains from human feces isolated in November and December
1995 (data not shown) yielded fingerprints identical to those
produced by the epidemic strain.

To demonstrate the relationships between the isolates with
different fingerprint profiles, the summarized information
gained by the banding patterns of both primers was analyzed
statistically. As shown in Fig. 3 an analysis of the banding
patterns by peak comparison as well as by a comparison of
intensities grouped the isolates into two main clusters. One
cluster, consisting of strains from group 1 and 2, represents the
epidemic strain (XL4427 and 026625). The second cluster con-
sists of two strains from group 2 and four strains from group 3,
with a high degree of similarity between the strains from hu-
man feces (019171, 041120, 143095, and 211054) and the strain
isolated from poultry (GGD930D) about 2 years after the end
of the epidemic.

Plasmid profiling grouped the isolates into five types. Type 1,
which did not contain any plasmid, consisted of all the strains
from food as well as 37 of 39 strains from group 2. This is
identical to the results obtained from rep-PCR. The laboratory
strain (strain 41) and strain 143095, which have been clearly
discriminated from the epidemic strain by rep-PCR, would not
have been differentiated by this method. The second profile
type contained two plasmids of 2.2 and 3 MDa and is repre-
sented by the strain from poultry, GGD930D. The third profile
type containing only a 2.7-MDa plasmid was represented by
strains 211054 and 041120, which are members of the second
phenon produced by rep-PCR. The third strain of this phenon,

019171 from group 2, which had been isolated during the
epidemic, showed a different plasmid profile (type 4) with
three plasmids of 2.8, 3.0, and 3.4 MDa. Isolate 206917, which
had been isolated more than 2 years after the end of the
epidemic and which was grouped together with the epidemic
strain by rep-PCR, showed a plasmid profile (type 5) with two
plasmids of 3.7 and 11 MDa.

In the third molecular strain discrimination method, AP-
PCR, all isolates that were discriminated from the epidemic
strain by either of the other two techniques were investigated.

Fingerprinting with AP21 (Fig. 4) generated a pattern of
nine bands between 500 bp and 1.7 kbp that was used for
comparison analysis, as well as some additional shorter and
longer fragments having a low degree of reproducibility. Dis-
crimination between strains was mainly based on reproducible
differences in the densities of some bands. Isolates XL4427,
026625, and 206917 (lanes 1, 3, and 9) were characterized by a
prominent double band at about 600 bp. The rest of the strains
differed from those by having a less prominent upper band of
that double. Isolates GGD930D and 143095 could be discrim-
inated by their more-prominent bands at 800 bp. These results
are identical to what was obtained by rep-PCR with primer
pair REP-Dt.

Fingerprinting with AP22 (Fig. 5) generated easily readable
patterns of up to six bands between 500 bp and 2.5 kbp, all of
which were included in the comparison analysis. One band of
about 350 bp had low reproducibility and has, therefore, not

FIG. 3. Dendrogram of the summarized fingerprint patterns obtained with primers REP-Dt and ERIC1R.

FIG. 4. AP-PCR fingerprint patterns of S. saintpaul obtained with the AP21
primer. Lanes (isolate, source, date of isolation): 1, XL4427, potato chips, July
1993; 2, GGD930D, poultry, November 1995; 3, 026625, human feces, July 1993;
4, 019171, human feces, June 1993; 5, 041120, human feces, September 1993; 6,
211054, human feces, March 1993; 7, 143095, human feces, December 1995; 8,
41, laboratory strain (date unknown); 9, 206917, human feces, March 1996; 10,
negative control; M, 100-bp marker.
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been considered further. AP-PCR with primer AP22 distin-
guished strains XL4427, 026625, and 206917 (lanes 1, 3, and 9,
respectively) from the rest of the strains by the presence of an
additional intense band at about 2,300 bp. All other strains
were not further differentiated with the exception of strain 41,
which showed an additional weak band at about 1,600 bp. This
differentiation is identical to what was obtained by rep-PCR
with primer ERIC1R.

Summarizing the information about both AP-PCRs for the
nine isolates investigated, the differentiation of strains was the
same as that achieved by rep-PCR, although the quality of
AP-PCR fingerprints was not as high as that produced by
rep-PCR.

DISCUSSION

In this study we investigated the suitability of rep-PCR fin-
gerprinting with primers REP-Dt and ERIC1R for discrimi-
nating between strains of S. saintpaul and assessed the suitabil-
ity of the method, together with plasmid profiling and AP-
PCR, when applied to an epidemiological situation involving
this pathogen. From among the published rep primers (28)
those that showed efficient DNA amplification and good inter-
serovar discrimination between eleven Salmonella serotypes as
well as between isolates of the serotype S. saintpaul were se-
lected. Nine single and three paired rep primers were used in
a preceding experiment, and primer pair REP-Dt of the class
I rep primers and primer ERIC1R of the class II rep primers
were chosen because of their high levels of discriminatory
power (15).

While it was expected that some strains of our group 3
isolates would be different from the epidemic strain, given their
temporal and source diversity, it was noted that some human
cases during the epidemic (group 2 isolates) may have been
caused by different strains, which could not have been distin-
guished by conventional methods. These seemingly nonepi-
demic strains showed a high degree of similarity to some
strains in group 3, raising the possibility of an alternative
source of infection of humans by S. saintpaul during the epi-
demic.

From the two fingerprint patterns gained from rep-PCR the
conclusion could be drawn that isolates XL4427 and 026625,
representing group 1 and the majority of group 2 isolates,
respectively, represented the epidemic strain. Both of the rep
primers adequately discriminated this strain from other strains
of the serovar as summarized in Fig. 3. Isolate XL4427 was
different from isolates 019171 and 041120 from group 2 and
from isolates 211054, 143095, 41, and GGD930D, all from

group 3. All these were therefore considered nonepidemic
strains. The fact that these nonepidemic strains were isolated
at various times during the epidemic year and also much later
(except strain 41) suggested that the strains were instead re-
sponsible for sporadic infections. The fingerprints from the
nonepidemic strains were either identical (Fig. 2) or at least
remarkably similar (Fig. 1) to each other.

Our data obtained from rep-PCR fingerprinting with
REP-Dt and ERIC1R supported a conclusion from earlier
epidemiological investigations of a nationwide outbreak of sal-
monellosis which occurred in Germany between April and
September 1993. Lehmacher and his colleagues at the National
Reference Center for Enteric Pathogens, Hamburg, Germany,
used the methods of pulsed-field gel electrophoresis, ribotyp-
ing, random amplified polymorphic DNA typing, and plasmid
profiling for the molecular typing of 13 strains each of S.
saintpaul, S. javiana, and S. rubislaw, considered to be the
prevailing strains of the epidemic. But only the data for S.
javiana were published (12). Our investigations focused on the
strains of S. saintpaul isolated by the State Food Inspection
Office from patients and foodstuffs as well as on two strains of
S. saintpaul isolated by the Veterinary Control Office for An-
imal Foodstuffs, both in Stuttgart, Germany. The rep-PCR
fingerprinting of these strains yielded additional information.
Two isolates, 019171 (recovered in June 1993) and 041120
(recovered in September 1993) from human epidemic cases
were not clonally related to the epidemic strain. They rather
represented a second strain of S. saintpaul present within the
community at the time of the epidemic in south Germany. The
identity of this strain with isolate 211054, collected in March
1993, and its high degree of similarity to strains GGD930D and
143095, collected in November 1995 from humans and turkeys,
respectively, indicated a wider temporal dispersion, thus sug-
gesting that the strain was responsible for rather sporadic in-
fections independent from the incidence of epidemic cases.

Identification of this sporadic strain in turkeys suggested a
possible role of poultry in the epidemiology of sporadic infec-
tions by S. saintpaul in south Germany.

The low percentage (only 4 of 42) of clinical isolates of S.
saintpaul that contained plasmids limits the scope of plasmid
profiling as a tool for an epidemiological investigation. Some
differences between the results of rep-PCR and AP-PCR on
the one hand and plasmid profiles on the other hand could be
noted, raising the question of the value of plasmid profiling as
an epidemiological tool. On the one hand all isolates except
two that contained plasmids were ones that had been identified
by rep-PCR fingerprinting as being different from the epidemic
strain, which did not contain any plasmid. In contrast, strain
019171, which was isolated from human feces in June 1993
during the epidemic and which showed a pattern type, AII/BII,
identical to that of two strains isolated in March and Septem-
ber 1993, had two additional plasmids. Furthermore, strain
143095, which was isolated from a human in December 1995
and which showed rep-PCR and AP-PCR fingerprints identical
to those of strain GGD930D isolated from poultry in Novem-
ber 1995 and highly similar to those of strains 211054, 019171,
and 041120, was plasmid free. Most important, strain 206917,
isolated from a human in March 1996 and having fingerprint
patterns identical to those of the epidemic strain, did contain
two plasmids.

The absence or presence of plasmids in bacterial isolates
cannot call into question their relatedness as determined by
rep-PCR, because repetitive sequences are not known to be
situated on plasmids. Bacterial strains of clinical relevance
which persist in a host population over a long period of time or
which are able to switch between animal and human hosts

FIG. 5. AP-PCR fingerprint patterns of S. saintpaul obtained with the AP22
primer. Lane assignments are the same as in Fig. 4.
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should be expected to differ in their plasmid content as a form
of adaptation to changing environmental pressure. Therefore,
the detection of plasmids in isolate 206917, obtained more
than 2 years after the epidemic, did not signify a clonal differ-
ence between this strain and the one that caused the epidemic
since the plasmids could well have been acquired within that
span of time. Nevertheless, the absence or presence of plas-
mids could have a severe influence on the epidemiological
interpretation of fingerprinting results, especially if the plas-
mid content is accompanied by resistance factors or even vir-
ulence factors. To test this feature, plasmid profiling should be
followed by plasmid analysis (26). In this sense plasmid profil-
ing is a valuable complementary method. Additionally, plasmid
profiling should necessarily complement AP-PCR because
plasmids can contribute to the banding pattern with arbitrary
primers.

Considering the results yielded by AP-PCR fingerprinting,
no additional or complementary information beyond what had
been gathered by rep-PCR and plasmid profiling could be
obtained. Banding patterns obtained with arbitrary primers
AP21 and AP22 differed mainly in the densities of some bands
and have therefore been rather difficult to interpret. Efforts to
obtain reproducible differences between strains of serotype S.
saintpaul have been greater than those needed for rep-PCR in
terms of the purity of the DNA and the number of repeated
experiments. At least for these two primers AP-PCR for the
differentiation of isolates of serotype S. saintpaul is not recom-
mended. Several other published random primers have also
been used in accompanying experiments without greater suc-
cess (data not shown).

From the results described in this work it was apparent that
rep-PCR fingerprinting with the REP-Dt primer pair and
primer ERIC1R, even with crude cell lysates, offers an attrac-
tive choice as a primary method for the discrimination of
various Salmonella serotypes as well as isolates within serotype
Saintpaul. Plasmid profiling can be a useful complementary
method to rep-PCR fingerprinting to show if the persistence of
a clinically relevant strain in a host population over a long time
or the switch from an animal host to a human host (or vice
versa) led to a change in plasmid content. This could be of
importance for the epidemiological interpretation. The results
obtained in this work and the well-documented problems of
AP-PCR fingerprinting, especially the critical dependence of
reproducibility on reaction conditions and quality of DNA (2,
14, 31), makes the technique comparatively less useful.
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