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Consensus Sequence-Based PCR (ERIC-PCR); ts Abilaty to Differentiate Strepto-
coccus pyogenes Strains and Applicability to the Study of Outbreaks of Streptococ-
cal Infection. Tohoku J. Exp. Med., 2001, 194 (4), 205-212 —— We evaluated
the ability of enterobacterial repetitive intergenic consensus sequence-based PCR
(ERIC-PCR) to differentiate 95 Streptococcus pyogenes strains with M or T sero-
types isolated from sporadic streptococcal infections as compared with M or T
serotypings and pulsed-field gel electrophoresis (PFGE). Although the ERIC-
PCR had less discriminatory power, defined as the ability to divide the strains
with the same serotypes into the different sub-types, than PFGE, it consistently
classified the strains into 16 patterns with a high correlation with M or T serotyp-
ing. The PCR method further discriminated 4 M or T serotypes into sub-types.
The application of ERIC-PCR to 5 outbreaks of streptococcal infection produced
the results that agreed closely with those of T serotyping and PFGE. ERIC-PCR
has sufficient diseriminatory power and is a quick and relatively easy technique,
making it useful for routine epidemiological investigations. -----——— enterobacter-
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Streptococcus pyogenes 1s a medically impor-
tant bacterial pathogen known to cause variety
of systemic and cutaneous infection, and it is
the most common cause of acute pharyngitis,
and, in some cases causes fatal bacteremia and
streptococcal toxic shock syndrome (Strep TSS).
Outbreaks of streptococcal infection occur occa-
sionally in both health care setting and commu-
nity (Gunzenhauser et al. 1995; Gruteke et al.
1996).
reported in developped countries (Yamamoto et
al. 1998; Matsumoto et al. 1999). Thus, S.
pyogenes remains a public health problem in
many countries, necessitating appropriate typ-

Food-borne outbreaks were recently

ing procedures for epidemiological investiga-
tions.

Over more than half a century, serological
analysis using M and T antigens has been estab-
lished as a gold standard for traditional typing
procedures (Moody et al. 1965; Rotta et al
1971).
tions.

However, these methods have limita-
It has been reported that many strains
of S. pyogenes can not be typed with the avail-
able M antisera and that T serotyping lacks
specificity. In the present study, we applied
enterobacterial repetitive intergenic consensus
sequence-based PCR (ERIC-PCR) to the typing
of 95 strains of S. pyogenes from sporadic stre-
ptococcal infections in order to overcome the
limitations and drawbacks of M or T serotyping.
The results of typing using ERIC-PCR and
those using plused-field gel electrophoresis
(PFGE) were compared with the results of the
M or T serotypings to evaluate the ability to
differentiate the strains of S. pyogenes. In
addition, we analyzed 43 strains of S. pyogenes
from 5 outbreaks of streptococcal infection
using ERIC-PCR and PFGE to further evalu-
ate the applicability to epidemiological investi-
gations of S. pyogenes.

MATERIALS AND METHODS
Bacterial strains

Of 138 strains of S. pyogenes used in this
study, 95 were isolated from sporadic cases
involving 14 patients with Strep TSSs and 81
with mild streptococcal infections like pharyn-
gitis and tympanitis in 1984-1998 in Japan.
Among the 95 strains, 58 were isolated in a
general hospital in Toyama City, Toyama
Prefecture and belonged to 9 different T sero-
types. Nineteen strains with 4 M and T sero-
types from 14 Strep TSSs and 5 mild streptococ-
cal infections, which were isolated around
Japan, were stocked at the College of Health
Professions, Toho University, Tokyo. The
other 18 strains with 7 T serotypes were isolated
in 3 general hospitals in Aichi Prefecture. M
serotyping of 19 strains at Toho University had
been performed by standard methods (Rotta et
al. 1971). T serotyping of all 95 strains was
performed using a commercially available
streptococcal grouping kit and group A, T typ-
ing sera (Denka Seiken Co., Ltd., Tokyo).

Forty-three strains of S. pyogenes were iso-
lated from 5 outbreaks of streptococcal infec-
tion during 1996-1998 in Japan. Of the 5
outbreaks, those in Aichi, Ibaraki, and Fukuoka
were food-borne. M serotyping for 10 strains
from Toyama and T serotyping for all 43 strains
were performed as described above.

ERIC-PCR

Total genomic DNA was extracted from
bacterial cells using InstaGene TM Matrix (Bio-
Rad Laboratories, Hercules, CA, USA). DNA
concentrations were determined with the Gene-
quant RNA/DNA calculator (Pharmacia, Upp-
sala, Sweden) and adjusted to 25 ng/ul using
sterilized distilled water. Primers used for
ERIC-PCR were ERICIR (5-ATGTAAGCTC-
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CTGGGGATTCAC-3) and ERIC2 (5-AAGT-
AAGTGACTGGGGTGAGCG-3") (Versalovic et
al. 1991).

Amplification was conducted in a 50-4]
reaction mixture containing a dNTP mixture
(with a final concentration of 0.25 mM dATP,
dTTP, dCTP, and dGTP), 10-fold concentrated
Ex Tag buffer (final concentration of 2.0 mM
Mg?*), 1.5 U of TaKaRa Ex Taq (Takara
Shuzo, Kyoto), 50 pmol of the primer, and 100
ng of genomic DNA.

Samples were amplified on a Perkin Elmer
GeneAmp PCR System 9600 (Perkin HElmer
Japan, Chiba) as follows; 40 cycles of 94°C for 1
minute, 25°C for 1 minute, and 74°C for 4 min-
utes (Gruteke et al. 1996). After the
amplification, 5 xl of the reaction mixture was
run in a 1.5%, agarose gel (Wako Pure Chemical
Industries Ltd., Osaka) and the gel stained with
ethidium bromide. Lambda phage DNA/Hind
IIT digest (Nippon Gene, Tokyo) and a 100-base
ladder marker (Amersham Pharmacia Biotech,
Buckinghamshire, UK) were used as DNA
The band patterns
of all lanes were visually compared. The inten-

molecular weight markers.

sity of the amplified bands was also considered
when differentiating between strains. Strains
showing differences of one or more bands were
considered to be different ERIC types and
assigned the capital letter E followed by a

number.

PFGE

Preparation of DNA for restriction endonu-
clease digestion and subsequent analysis by
PFGE was done according to the method of
Nakashima et al. (1997). Briefly, the
chromosomal DNA was digested with the
restriction endonuclease Smal and then DNA
fragments were separated using a LKB2015
Pulsaphor (Pharmacia, Uppsala, Sweden) for 20
hours at 180 V with pulse times ranging from 1
to 40seconds. Lambda DNA
(Amersham Pharmacia Biotech) were used as

concatemers

size markers. DNA fragment patterns were

assessed visually and the interpretation of
clonal relatedness was based on that recently
proposed by Tenover et al. (1995). Isolates
were considered to differ in PFGE type, if there
was a difference of more than four bands
(Tenover’s category: possibly related and
different). The different PFGE types were
assigned a number following the letter P.
Isolates were considered to differ in sub-type
within the same PFGE type if there was a
difference of up to three DNA bands and thus
allocated a decimal numeral following the same
PFGE type number.

RESULTS

Differentiation of 95 S. pyogenes strains from
sporadic  streptococcal infections using ERIC-
PCR and PFGE

In a preliminary series of experiments for
the analysis of 11 strains with 11 different sero-
types by ERIC-PCR using ERIC1R and ERIC2
primers, we found that the ERIC2 primer was
more discriminatory than the ERICIR primer.
Accordingly, we used ERIC2 for ERIC-PCR in
this study. With the ERIC-PCR method, the
S. pyogenes strains yielded 4 to 9 major PCR
products with molecular size of between approx-
imately 0.28 kb and 2.7 kb with various band
ERIC-PCR amplification of
genomic DNA of the 95 strains generated 16
different patterns (E1-KE16) from 11 distinctive
M or T serotyped strains commonly encountered
in clinical laboratories (Table 1). The E5 type
shared serotypes 6,22 and 28. ET7 was
classified as serotypes 11 and 28, but the other
14 ERIC types were M or T serotype-specific.
Moreover, the PCR method could differentiate
the strains belonging to serotypes 11, 18, 28 and
T-B3264 into 2 or 4 sub-types.

We examined the intensity of the amplified
bands of agarose gel electrophoresis to confirm
reproducibility of the faint band(s). El was
similar to E3, but the intensity of the band
estimated to be 1.3kb was different between
them (Fig. 1, lanes1 and 3). Although the

ntensitvies.
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TasLe 1. Results of ERIC-PCR and PFGE typing of 95 S. pyogenes strains from sporadic
streptococcal wnfections

M or T serotype? Number of strains ERIC-PCR® PFGE®c
1 10 El (10) P1(10)
2 10 E2 (10) P2(5), P3(3), P4(1), P5(1)
3 10 B3 (10) P6(9), P1(1)
4 10 k4 (10) P8(9), P9(1)
6 E5 (8) P10(8)
11 7 E6 (4) P11(3), P12(1)
E7 (3) P13(3)
12 10 E8 (10) P14(9), P15(1)
18 5 B9 (4) P16(3), P17(1)
E10 (1) P18(1)
29 5 E5 (5) P19(4), P20(1)
28 10 K11 (6) P21(6)
E12 (1) P22(1)
E5 (1) P21(1)
ET (2) P23(1), P24(1)
T-B3264 10 E13 (7) P25(7)
El4 (1) P25(1)
E15 (1) P26(1)
E16 (1) P25(1)
Total 95

*Results of M serotyping for 19 strains were identical to those of T serotyping.
"The number of strains is given in parentheses.

‘PFGE types, not sub-types, are listed.

ERIC-PCR, enterobacterial repetitive intergenic consensus sequence-based PCR;
PFGE, pulsed-field gel electrophoresis.

M L 1 2 2 @ bl 1011121314 L

Fig. 1. Representative ERIC-PCR patterns of S. pyogenes strains with 11 different M or T serotypes
from sporadic streptococcal infections. Lane M is a lambda marker (lambda phage DNA /Hind
III digest), and lane L is a 100-base ladder marker. Lanes1 to 11, E1 to E11; lane 12, E13;
lane 13, E14; lane 14, E15.
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profiles of E4 and E9 were analogous, E4 had a
weak second band one position from the top,
whereas E9 did not (Fig. 1, lanes 4 and 9).
The profiles of ET and E15 were also analogous,
however, the intensity of the third band from
the top was higher for E7 than for E15 (Fig. 1,
lanes 7 and 14). Because this PCR method was
performed under a low annealing temperature,
we tested for the reproducibility of the band
intensity of 6 ERIC types described above. As
a result, identical band patterns and intensity
was obtained by triplicate PCRs on 3 different
days.

PFGE of chromosomal DNA from the 95
streptococcal strains with restriction enzyme
Sma I resulted in banding patterns of 6 to 10
fragments, ranging in size approximately from
485kb to 534 kb. The 95 strains were
classified into 26 types (from Pl to P26) by
PFGE patterns of Sma I digested DNAs of the
strains (Table 1). Although serotypes 1 and 6
could not be differentiated into distinct PFGE
types, the other 9 serotypes were subdivided
into 2 to 4 PFGE types. Furthermore, 7 of the
26 PFGE types, consisted of 2 to 3 sub-types
into the same PFGE types (data not shown).

The application of ERIC-PCR to 5 outbreaks
of streptococcal infection

We examined 43 S. pyogenes strains from 5
outbreaks of streptococcal infection using
ERIC-PCR and PFGE to evaluate the applica-
bility of ERIC-PCR for routine epidemiological
study (Table2). ERIC-PCR classified the
strains of 3 outbreaks, those in Aichi, Toyama,
and Ibaraki, into the same ERIC types. The
ERIC types of the strains from the 3 outbreaks
were 1dentical to those of the strains serotyped
into 1,12 and 22 from sporadic streptococcal
infections. Seven strains from Kochi were
differentiated into 2 ERIC types, E5 and E17.
E5 was found among the ERIC types of the
strains from sporadic cases, but E17 was unique
with respect to the band pattern among spo-
radic and outbreak strains. All of 8 strains
from Fukuoka were classified into E18 by
ERIC-PCR. The ERIC type was different
from the ERIC types of T-B 3264 strains and
other M or T serotype strains from sporadic
Fig. 2 shows ERIC-
PCR patterns of 3 representative strains from
the 5 outbreaks. The results of PFGE were
well consistent with those of ERIC-PCR.

cases and also unique.

TaBLE 2. Results of ERIC-PCR and PFGE typing of 43 S. pyogenes stravns from &

outbreaks of streptococcual tnfection

Outbreak T serotype Number of strains ERIC-PCR® PFGEa*
Aichi 1 8 E1 (8) P1 (8)
Toyama 12¢ 10 E8 (10) P14 (10)
Kochi 22 7 E5 (6) P19 (6)

E17 (1) P27 (1)

Ibaraki 22 10 E5 (10) P19 (10)

Fukuoka B3264 8 E18 (8) P28 (8)
Total 43

4The number of strains is given in parentheses.

"PFGE types, not sub-types, are listed.

‘M serotype was also 12.

ERIC-PCR, enterobacterial repetitive intergenic consensus sequence-based PCR;

PFGE, pulsed-field gel electrophoresis.
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M L A T

K I F

Fig. 2. ERIC-PCR patterns of S. pyogenes strains from 5 outbreaks of streptococcal infection.

ERIC-PCR patterns of 3 representative strains in each outbreak are shown.

The letters above

the lanes, A, T, K, I, and F correspond to outbreaks in Aichi, Toyama, Kochi, Ibaraki, and
Fukuoka. Lane M is a lambda marker (lambda phage DNA/Hind IIT digest), and lane L is
al00-base ladder marker. ERIC-PCR types of the outbreaks A, T, I, and F are E1, E8, E5, and
E18. In outbreak K, the patterns of the former 2 strains are E5 and the last one is E17.

DISCUSSION

In typing of S. pyogenes using PCR-based
methods, random amplified polymorphic DNA-
PCR and PCR-RFLP (i.e., restriction fragment
length polymorphisms of PCR-amplified prod-
ucts targeting to regions for streptococcal viru-
lence factors) have been reported to be useful
for epidemiological investigations (Gardiner
and Sriprakash 1996; Bert et al. 1997). We
applied ERIC-PCR to 95 S. pyogenes strains of
11distinctive M or T serotypes, since the method
has apparently not been used extensively to
examine group A streptococci.

ERIC sequences are repetitive elements of
126 bp which contain a highly conserved central
inverted repeat, the function of which remains
to be elucidated (Versalovic et al. 1991).
Gram-negative bacteria have ERIC sequences,
and ERIC-PCR with primers based on ERIC
sequences has successfully used to
differentiate bacterial pathogens like Shigella
sonner and Burkholderia ( Pseudomonas) cepacia
(Liu et al. 1995a, b). The procedure is useful
for typing strains and has a level of discrimina-
tion equivalent to that of PFGE. On the other

been

hand, the presence of ERIC sequences has not
been demonstrated in gram-positive bacteria
yet. Struelens et al. (1993) used this finger-
printing technique to type methicillin-resistant
Staphylococcus aureus, but the discriminatory
power, defined as the ability to classify the
strains with the same phenotypes into the
different sub-types, was less than that of PFGE.
The present study revealed that ERIC-PCR was
less sensitive than PFGE in detecting the
genomic diversity within S. pyogenes strains of
the same M or T serotypes and between strains
of different M or T serotypes. From the results
of ours and others, the discriminatory power of
ERIC-PCR on gram-positive bacteria was low,
compared with that on gram-negative bacteria,
possibly because of the presence or absence of
ERIC sequences in bacterial genomes.
ERIC-PCR analysis of the sporadic 95 S.
pyogenes strains with 11 serotypes demonstrated
that there existed a high degree of concordance
with the results obtained by ERIC-PCR and M
or T serotyping. At present, M serotypings are
restricted to a few reference laboratories because
of a limited supply of antisera in most parts of
the world including Japan, therefore, ERIC-
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PCR typing of S. pyogenes would be applicable
for M serotyping, in that it has sufficient dis-
criminatory power and is a quick and relatively
Additionally, ERIC-PCR has
the advantage over PFGE of being a faster,
relatively simpler, and more applicable method
for the typing of a large number of S. pyogenes
strains in clinical laboratories. Epidemiological
investigation of the 5 outbreaks of streptococcal
infection revealed that the results of ERIC-
PCR typing agreed closely with those of T
serotyping and PFGE. The PCR method
seems to be a fast, simple and inexpensive tool
for routine epidemiological investigations.
PFGE take a about five days to obtain the
results, and the equipment is relatively expen-
sive. In contrast, the PCR method takes only
one day for to prepare and perform. Further-

easy technique.

more, PCR machines are available in clinical
laboratories as well as public health labora-
tories.

As three methods, ERIC-PCR, M or T
serotyping, and PFGE, evaluated had both
advantages and disadvantages for the typing of
S. pyogenes strains and thus different uses:
ERIC-PCR and M or T serotyping for routine
and preliminary investigations and PFGE for
full investigation such as the typing of strains
which could not be differentiated by the former
methods.
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