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Standard repetitive extragenic palindromic (REP)-PCR, enterobacterial repetitive intergenic consensus-
PCR, and Salmonella enteritidis repetitive element-PCR methods for bacterial strain typing were performed with
DNA extracted by boiling members of each of the currently recognized species of human viridans group
streptococci. Each of the methods was reproducible. The unique isolates (n 5 72) from 15 species of viridans
group streptococci were readily distinguishable, with no two isolates showing greater than 90% per cent
similarity. The majority of strains exhibited much less than 90% similarity. Isolates identical by REP-PCR were
also identical by the other two methods. These PCR-based typing methods, although they do not permit
determination of the species of the isolates, are simple to perform and are suitable for clinical and ecological
investigations of viridans group streptococci.

The viridans group, or oral, streptococci are a heteroge-
neous group of bacteria primarily isolated from the oral cavity
and the gastro- and urogenital tracts (40). These bacteria and,
in particular, members of the anginosus group (Streptococcus
anginosus, Streptococcus intermedius, and Streptococcus constel-
latus) and the mitis group (Streptococcus mitis, Streptococcus
oralis, Streptococcus sanguinis [Streptococcus sanguis], Strepto-
coccus parasanguinis [Streptococcus parasanguis], Streptococcus
gordonii, Streptococcus cristatus [Streptococcus crista], Strepto-
coccus infantis, and Streptococcus peroris) may be associated
with extraoral diseases including deep-seated abscesses in the
liver and brain, infective endocarditis, and septicemia (2, 4–7,
9, 15, 16, 19, 29, 41, 42), while members of the mutans group
(Streptococcus mutans and Streptococcus sobrinus) are associ-
ated with dental caries (24). The typing of strains of individual
species of viridans group streptococci is not often reported,
and consequently, the range of techniques used to type mem-
bers of these species has been limited. Ribotyping has been
used to demonstrate the oral origin of viridans group strepto-
cocci isolated from patients with infective endocarditis (29),
while restriction fragment length polymorphism analysis, ri-
botyping, and arbitrary primed PCR (AP-PCR) have been
used to study the ecology and person-to-person transmission of
S. mutans (20, 21, 23, 32). The genotypic variation of S. mitis
biovar 1 has also been studied by ribotyping (10, 13). However,
the non-PCR methods are time-consuming and technically de-
manding, and especially with regard to restriction fragment
length polymorphism analyses in particular the resulting DNA
fragment patterns can be very difficult to interpret given the
large number of bands present in the patterns that are pro-
duced. Rudney et al. (30) used pulsed-field gel electrophoresis
(PFGE) to examine a small number of strains from a limited
number of species of viridans group streptococci and found
that PFGE was unable to distinguish between species but also
reported that PFGE revealed great diversity between strains.
PFGE is also laborious and time-consuming, and the method is

also not readily applicable to the examination of large numbers
of strains.

PCR-based typing methods have apparently not been used
extensively to examine viridans group streptococci. However,
such approaches are widely used to type clinically important
bacterial species, and the basic equipment and techniques for
PCRs are available in most microbiology laboratories. The
demonstration of useful PCR methods for the typing of viri-
dans group streptococci would be an important step toward a
better understanding of the ecology and epidemiology of these
bacteria. We have therefore determined the usefulness of se-
lected PCR-typing methods that have previously been used to
type mainly gram-negative bacteria for their ability to amplify
DNAs isolated from representatives of each of the currently
recognized species of viridans group streptococci. Repetitive
extragenic palandromic (REP)-PCR (39), enterobacterial re-
petitive intergenic consensus (ERIC)-PCR (39), Salmonella
enteritidis repetitive element (SERE)-PCR (28), and BOX-
PCR (37) methods have been tested; and the ability of each
PCR-based typing method to differentiate between indepen-
dent strains of these species was investigated.

MATERIALS AND METHODS

Bacteria. The following strains, which represent all of the currently recognized
species of viridans group streptococci isolated from humans, were included in
this study: S. oralis NCTC 11427T, GPD1, H362, and PC1467; S. mitis NCTC 10712,
PP53, K208, NCTC 12261T, and HV51; S. gordonii NCTC 7868, NCTC 7865T,
M5, and GPF1; S. sanguinis AC59, P695, KPE2, NP506, SK96, and NCTC 7863T;
S. parasanguinis FW 213, SS895, MGH 143, 85-81, SS-897, and ATCC 151912T;
S. cristatus CC5A, AK1, and ATCC 19642T; S. constellatus AM699, NCTC 10714,
NCTC 11063, NCDO 2226T, and NCTC 5389; S. intermedius NMH 2, UNS 35,
415-87, and NCDO 2227T; S. anginosus NCTC 10713T, NMH 10, PC4890, NCTC
11062, KR 687, and NCTC 8037; S. mutans SE11, 161, KPSK2, B48, 4177, and
NCTC 10449T; S. sobrinus ATCC 33478T, OMZ 65, 279, TH62, and B13; S.
vestibularis LV71, NCTC 12166T, JW3, and OP81; S. salivarius A385, NCTC
8606, H50, KPS1, T267, and NCTC 8618T; S. peroris JCM 10158T, 105, and 091;
and S. infantis JCM 10157T, 0103, 092, 0101, and 0134. NCTC, NCDO, ATCC,
and JCM are abbreviations for National Type Culture Collection, National
Collection of Dairy Organisms, American Type Culture Collection, and Japa-
nese Collection of Microorganisms, respectively. Strains marked with a super-
script T are type strains. In this collection of strains we have included the two
most recently described species, S. peroris and S. infantis (17), and in this com-
munication have used the new nomenclature for certain species within the mitis
group (35). Each of these strains is apparently epidemiologically unlinked, being
isolated from different individuals. These bacteria have been investigated exten-
sively in previous studies, and the identity of each has been established by
DNA-DNA homology or by comparison of each with the reported biochemical
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reactions of these species (3, 17). The bacteria were stored frozen at 280°C in
brain heart infusion (Oxoid) supplemented with glycerol (30% [vol/vol]), rou-
tinely subcultured on Columbia agar (Oxoid Ltd.) supplemented with 5% (vol/
vol) horse blood, and incubated anaerobically for 24 to 48 h before the colonies
were harvested for DNA extraction.

Extraction of DNA. A 5-ml bacteriological loopful of cells was removed from
the surface of the agar plates, and the bacteria were evenly suspended, by
vigorous vortexing for 20 s, in 300 ml of sterile water (MilliQ) in 1.5-ml micro-
centrifuge tubes. The DNA was extracted by cell lysis, which was achieved by
immersing the tubes in boiling water for 10 min. The cell debris was pelleted by
centrifugation (Microfuge; MSE; 13,000 rpm for 10 s), and the supernatant
containing the DNA was carefully removed from the underlying cell debris and
transferred to a fresh microcentrifuge tube. Bisbenzimide (Hoescht 33258;
Sigma) was used to estimate the concentration of DNA in these extracts, and
examination of various extracts from the same and different strains indicated that
the DNA concentration was approximately 50 to 60 ng/ml. The DNA extracts
were stored at 4°C for no longer than 14 days, until they were used in the PCR
assays.

REP-PCR. The primers REP1R-Dt (59-III NCG NCG NCA TCN GCC-39)
and REP2-Dt (59-NCG NCT TAT CNG GCC TAC-39) used in this study were
previously described by Versalovic et al. (39). The reaction mixture contained
each of the four deoxynucleoside triphosphates (dNTPs; Advanced Biotechnol-
ogies, Surrey, England) at a concentration of 125 mM, 150 ng of each primer, 3.75
mM MgCl2, 2.5 U of Taq polymerase (Advanced Biotechnologies), 20 mM
(NH4)2SO4, 75 mM Tris-HCl (pH 9.0), 0.01% (wt/vol) Tween 80, and 12 ml of
DNA solution made up to a final volume of 25 ml with sterile water. PCR
amplification was performed in an automated thermocycler (Techne Thermocy-
cler) with an initial denaturation (7 min at 95°C), followed by 32 cycles of
denaturation (30 s at 94°C), annealing (1 min at 40°C), and extension (8 min at
65°C), with a final extension (16 min at 65°C).

ERIC-PCR. ERIC-PCR primer pairs ERIC 1R (59-ATG TAA GCT CCT
GGG GAT TCA C-39) and ERIC 2 (59-AAG TAA GTG ACT GGG GTG AGC
G-39) were as described by Versalovic et al. (39). The ERIC-PCR mixture
consisted of 50 mM KCl, 10 mM Tris-HCl (pH 9.0), 0.1% (vol/vol) Triton X-100,
1.8 mM MgCl2, each of the four dNTPs at a concentration of 125 mM, 100 pmol
of each primer, 2.5 U of Taq polymerase, and 4 ml of DNA solution made up to
a final volume of 20 ml with sterile water. ERIC-PCR amplification conditions
were an initial denaturation cycle (5 min at 95°C), 35 cycles each consisting of
denaturation (45 s at 92°C), annealing (1 min at 52°C), and extension (10 min at
70°C), with a final extension (20 min at 70°C).

SERE-PCR. The SERE-PCR primer (59-GTG AGT ATA TTA GCA TCC
GCA-39) used for amplification was as described by Rajashekara et al. (28). The
reaction mixture contained 5 mM MgCl2, 10 mM (NH4)2SO4, 37.5 mM Tris-HCl
(pH 9.0), 0.005% (wt/vol) Tween 80, each of the dNTPs at a concentration of 125
mM, 2.5 U of Taq polymerase, 50 pmol of primer, and 12 ml of DNA solution
made up to a final volume of 30 ml with sterile water. The amplification of DNA
was initiated by denaturation (95°C for 5 min), followed by 35 cycles each
consisting of denaturation (1 min at 94°C), annealing (1 min at 50°C), and
extension (2 min at 72°C), with a final extension (15 min at 72°C).

BOX repeat PCR. The BOXA primer (59-ATA CTC TTC GAA AAT CTC
TTC AAA C-39) described by van Belkum et al. (37) was used; and the reaction
mixture contained each of the four dNTPs at a concentration of 125 mM, 50 pmol
of primer, 3.75 mM MgCl2, 2.5 U of Taq polymerase, 20 mM (NH4)2SO4, 75 mM
Tris-HCl (pH 9.0), 0.01% (wt/vol) Tween 80, and 12 ml of DNA solution made
up to a final volume of 25 ml with sterile water. Amplification began with an
initial denaturation (4 min at 94°C), followed by 40 cycles consisting of denatur-
ation (1 min at 94°C), annealing (2 min at 45°C), and extension (2 min at 74°C),
with a final extension (5 min at 74°C).

Reproducibilities of PCR methods. To test the reproducibilities of the PCR
amplifications, DNA was extracted from four independent strains of S. oralis on
three separate occasions, and the PCR methods were performed with each DNA
extract in duplicate.

Comparison of REP-, SERE-, and ERIC-PCRs. To determine the interrela-
tionship between the different PCR-based typing methods, 10 S. oralis strains
were used. These strains were selected such that two strains with identical
REP-PCR patterns were selected from each of 5 different individuals. Each of
these strains was then examined by both ERIC-PCR and SERE-PCR.

Visualization of amplicons. The amplification products of REP-PCR and
ERIC-PCR (15 ml) were analyzed with 2% Metaphor agarose (Flowgen, Staf-
fordshire, England) containing 0.5 mg of ethidium bromide per ml and were
separated electrophoretically on gels (20 by 25 cm) at 140 V for 3 h in TBE
(Tris-borate-EDTA) buffer. SERE-PCR products (15 ml) were resolved on 0.8%
agarose (Sigma) containing 0.5 mg of ethidium bromide per ml by electrophoretic
separation at 140 V for 3 h. To all samples 3 ml of tracking dye (0.25% bromo-
phenol blue, 0.25% xylene cyanol FF, 30% glycerol) was added, and a molecular
size marker (pGEM DNA Markers; Promega) was included on all gels, in three
separate lanes, to facilitate comparison of tracks between gels. BOX PCR prod-
ucts were resolved on 1.5% agarose gels run at 140 V for 3 h in 0.53 TBE buffer.
The gels were examined on a transilluminator and were photographed with
Polaroid type 665 positive/negative film (Sigma).

Computer-assisted analysis of DNA patterns. All of the DNA patterns were
analyzed with the Windows version of GelCompar (version 4.0; Applied Maths,

Kortrijk, Belgium). The individual bands in each of the patterns produced by the
different PCR methods were analyzed by applying the Dice coefficient to the
peaks. For clustering, the unweighted pair group method with arithmetic means
(UPGMA) was used, and a band position tolerance of 1.5% was used for
comparison of the DNA patterns. The analysis of the patterns was undertaken in
accordance with the instructions of the manufacturer.

RESULTS AND DISCUSSION

Three different PCR methods, REP-PCR, ERIC-PCR, and
SERE-PCR, gave complex PCR products with each of the
strains, representing all 15 currently recognized species of viri-
dans group streptococci. The three PCR-based typing methods
were each found to be highly reproducible, in that the patterns
produced in replicate PCRs of each of four independent iso-
lates were indistinguishable (.98% similarity; data not
shown).

None of the S. oralis strains examined with the BOXA
primer yielded any PCR products, so these primers were not
tested further with any of the other species. The BOXA primer
is based on the sequence of a repetitive element identified in
Streptococcus pneumoniae (37). It was expected that at least S.
oralis might produce amplicons with this primer since these
species are phylogenetically closely related, and it follows that
less closely related species would be even less likely to produce
amplicons. The present findings agree with those of van Bel-
kum et al. (37), who reported that only a small number of
strains of S. mutans were amplified with the BOX primer, while
none of any other species of streptococci produced amplicons.
It is interesting, however, that Azoarcus spp., Xanthomonas
spp., and Pseudomonas spp., all gram-negative bacteria, pro-
duced amplicons with the BOXA primer and permitted differ-
entiation between isolates (14, 25).

Representative reaction products for the REP-PCRs are
shown in Fig. 1. The sizes of the PCR products for the strains
varied widely, and many discrete amplicons were produced; the
number of amplicons was dependent upon the strain exam-
ined. The REP-PCR data were subjected to cluster analysis,
and the dendrogram is shown in Fig. 2. From this it can be seen
that all strains were distinguishable from each other and that
no two strains exhibited .90% similarity. Although the REP
primers were designed to amplify sequences originally identi-
fied in gram-negative bacteria, it was apparent from the first
application of these primers that they also amplified sequences
in gram-positive bacteria, including streptococci. REP-PCR
primers have been used successfully to type and differentiate
among many gram-negative bacterial genera and species,
sometimes in combination with other PCR-based typing meth-
ods (1, 18). There have also been several reports that REP-
PCR may be useful for the typing of gram-positive genera
including S. pneumoniae (26, 38), vancomycin-resistant Entero-
coccus faecium (8), and methicillin-resistant Staphylococcus
aureus (22). These primers have not previously been reported
to have been used to type oral streptococci, and the apparent
ease with which amplicons have been obtained indicates that
the REP sequences may be distributed widely among these
species, as they are among gram-negative enteric bacteria (43).

Each of the viridans group streptococci produced a distinct
pattern in the ERIC-PCRs; examples of representative pat-
terns are shown in Fig. 3. The ERIC-PCR patterns contained
multiple bands over a wide range of sizes, and when these were
subjected to cluster analysis it was found that no two strains
were .88% similar (data not shown). These ERIC primers
have been used extensively in molecular typing studies of a
wide range of gram-negative bacteria, and recently, they have
been used to study clonal diversity among Mycobacterium tu-
berculosis strains and were found to be more discriminatory
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than other established molecular typing schemes (34). They do
not appear to have been used extensively in the study of strep-
tococci, although Versalovic et al. (39) reported on the ampli-
fication of DNA extracted from a limited number of gram-
positive bacteria.

By the SERE-PCRs each strain was again found to be dis-
tinct, and representative patterns are shown in Fig. 4. Exami-
nation of the banding patterns indicated that in excess of 15
discrete bands were often produced per strain, and cluster
analysis of the data showed that each strain was distinct, with
no two strains exhibiting greater than 90% similarity (data not
shown). The SERE-PCR typing method has not previously
been reported for streptococci, apparently having been used
previously to type only S. enteritidis strains (28). The results
indicate that the SERE sequences may be widely dispersed
among streptococci.

The ease with which amplicons could be generated in these
PCRs suggests that the repetitive sequences are present in
viridans group streptococci. However, Sander et al. (33) have
indicated that these PCRs may simply be instances in which the
primers act as random or arbitrary primers as in randomly
amplified polymorphic DNA (RAPD) analysis (or AP-PCR
assays). In our experience, with streptococcal DNA prepared
as described here, RAPD analyses-PCRs are usually unsuc-
cessful and certainly irreproducible with random-sequence oc-
tanucleotides (data not shown). Increasing the length of the
primer in RAPD analysis-PCR assays decreases the discrimi-
natory power of the assay, yet here the primers were consid-
erably longer than octanucleotides yet were extremely discrim-
inatory (36). However, Gillings and Holley (12) have reported
that ERIC-PCR produced complex patterns in various bacte-
ria, bacteriophages, invertebrates, fungi, plants, and verte-

brates at low stringency (52°C), while in reactions performed at
high stringency (66°C) most bands failed to be amplified.
Those bands that were amplified, it was claimed, were those
from the enterobacterial target sequences, and they concluded
that ERIC-PCR does not necessarily amplify bands directly
from genuine ERIC sequences. It is therefore clear that al-
though the patterns were reproducible and were able to dis-
criminate between strains, the real basis of this discrimination,
and consequently, the sequences that acted as targets for the
primer or primer pairs, cannot be stated with certainty.

A comparison of the three PCR typing methods was exam-
ined by performing each PCR with 5 pairs of independent S.
oralis strains. It was found that the patterns produced with each
pair of strains were identical by each PCR method (Fig. 5).
Thus, strains which were identical by one method were iden-
tical by both of the other methods. However, the pattern for
each pair of strains was different by each typing method.

Other PCR-based methods may be useful in identifying iso-
lates to the species level. Garnier et al. (11) described PCR

FIG. 1. Representative REP-PCR patterns of viridans group streptococci.
Lanes 2 to 6, S. infantis 0103, 092, 0101, JCM 10157T, and 0134, respectively;
lanes 8 to 10, S. peroris 105, 091, and JCM 10158T, respectively; lanes 1, 7, and
11, molecular size markers.

FIG. 2. Dendrogam showing relatedness between REP-PCR band patterns
of viridans group streptococci. Bands were analyzed by applying the Dice coef-
ficient, and the matrix was clustered by the UPGMA method.
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primers based on internal fragments of genes encoding for
D-alanine–D-alanine ligases for the identification of clinically
relevant viridans group streptococcal species, while an identi-
fication protocol based upon amplification and sequencing of
fragments of the superoxide dismutase gene for the identifica-
tion of many species of viridans group streptococci has been
described (27). Recently, Rudney and Larson (31) have devel-
oped AP-PCR protocols which may be useful in identifying
members of the mitis group of viridans group streptococci.
However, examination of the distribution of the 15 species of
viridans group streptococci within each of the dendrograms
indicates that none of the three PCR-based typing methods
examined in the study described in this report permitted the
identification of viridans group streptococci to the species level
(data not shown).

In conclusion, the ERIC-, SERE-, and REP-PCR ap-
proaches produced amplicons with each of these independent

strains of viridans group streptococci, and the pattern of the
bands was unique for each strain. Furthermore, there was no
evidence that the band patterns, or even an individual band,
could be used for the identification of these streptococcal
strains to the species level. These techniques are robust and
reproducible, can be performed with DNA that has undergone
minimal preparation, and makes use of routine laboratory
equipment. These methods would seem to be suitable for
studying the epidemiology and relatedness of individual iso-
lates of viridans group streptococci.

FIG. 3. Representative ERIC-PCR patterns of viridans group streptococci.
Lanes 2 to 7, S. anginosus NCTC 10713T, NMH 10, PC4890, NCTC 11062, KR
687, and NCTC 8037, respectively; lanes 9 to 14, S. salivarius A385, NCTC 8606,
H50, KPS1, T267, and NCTC 8618T, respectively; lanes 1, 8, and 15, molecular
size markers.

FIG. 4. Representative SERE-PCR patterns of viridans group streptococci.
Lanes 2 to 6, S. sobrinus ATCC 33478T, OMZ 65, 279, TH62, and B13, respec-
tively; lanes 8 to 12, S. mutans SE11, 161, KPSK2, B48, and NCTC 10449T,
respectively; lanes 1, 7, and 13, molecular size markers.

FIG. 5. Comparison of patterns produced by REP-PCR (a), ERIC-PCR (b),
and (c) SERE-PCR with duplicate strains of S. oralis isolated from five different
individual strains. Isolates from the same individual are in adjacent lanes (from
left to right), and in each gel the same isolate occupies the same lane. Lanes 1,
8, and 13, molecular size markers.
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