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Molecular Characterization of Multidrug-Resistant Streptococcus
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Pulsed-field gel electrophoresis, ribotyping, and fingerprinting analysis of 22 invasive isolates of multidrug-
resistant (MDR) pneumococci from Korea showed that 59 to 82% were genetically related. DNA sequencing of
the PBP 2B gene showed relatively uniform alterations in nucleotides (5.4 to 7.8%) and amino acids (3.0 to
4.3%), while Asn-276—Lys, Arg-285—Cys and Ser-305—Phe substitutions were unique to Korean MDR
strains, suggesting the spread of a few epidemic clones of resistant pneumococci within Korea.

During the past three decades, the resistance of Streptococ-
cus pneumoniae to penicillin, other B-lactams, and non-B-lac-
tam agents has been rapidly increasing in many parts of the
world (1, 12). To investigate the molecular characteristics of
multidrug-resistant (MDR) S. pneumoniae isolates in Korea,
where the prevalence of penicillin resistance was 80% (14), we
performed pulsed-field gel electrophoresis (PFGE), ribotyp-
ing, fingerprinting of penicillin-binding protein (PBP) genes,
and DNA sequencing of PBP 2B genes.

(Part of this data was presented at the 37th Interscience
Conference on Antimicrobial Agents and Chemotherapy in
Toronto, Canada, September 28 to October 1, 1997.)

Bacterial isolates. Isolates of pneumococci (a total of 22: 13
of serogroup 23, 6 of serogroup 19, and 3 of serogroup 6) were
selected if they showed reduced susceptibility to three or more
classes of antibiotics and were epidemiologically unrelated. Iso-
lates were invasive pathogens which had caused community-
acquired diseases such as bacteremia, pneumonia, meningitis,
and peritonitis from 1989 to 1995 in Korea. MICs of penicillin,
cefotaxime, ceftriaxone, cefaclor, cefuroxime, ampicillin, imi-
penem, tetracycline, erythromycin, and chloramphenicol were
determined by the agar dilution method (10). MICs for these
antimicrobials were interpreted according to the 1999 National
Committee for Clinical Laboratory Standards breakpoints
(11).

PFGE. Isolates were subjected to PFGE analysis as previ-
ously described (8, 15). One penicillin-susceptible R6 strain
and the internationally epidemic serotype 23F Spanish clone
were also tested. The DNA was digested by Smal or Apal, and
the fragments were resolved by PEFGE with the CHEF-Mapper
System (Bio-Rad Laboratories, Richmond, Calif.). The DNA
fragment patterns generated by PFGE were interpreted ac-
cording to recent criteria (16).

Ribotyping. Ribotyping was performed with the restriction
enzyme Pvull by using a [a->?P]dCTP-labeled gene probe from
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Escherichia coli 16S-plus-23S RNA. Strains that differed by
more than two bands were considered to be different clones,
while single band differences were interpreted as subtypes (2).

PCR fingerprinting of PBP genes. pbp la, 2b, and 2x genes
were amplified from chromosomal DNA by PCR as previously
described (6, 15). Briefly, amplification of the gene encoding
PBP 2B yielded a 1.5-kb product that included the region
encoding the transpeptidase domain of the enzyme. The PBP
2X gene product was a 1.9-kb fragment, whereas the gene
encoding PBP 1A was amplified as a 2.4-kb product. Gene
fingerprinting was performed as previously described (6) by
using Hinfl or Msel plus Ddel as restriction enzymes. pBR322
DNA digested with Hpall and labeled with [a->*P]dCTP was
used as a size marker. A dendrogram was generated based on
the visible fingerprinting patterns.

DNA sequencing of pbp genes. The 1.5-kb transpeptidase-
encoding region (TER) of the PBP 2B gene was amplified and
directly sequenced by using the ABI PRISM Big Dye Termi-
nator cycle sequencing kit (Perkin-Elmer). The primer se-
quences for the amplification were as follows: upstream
primer, 5'-GAT CCT CTA AAT GAT TCT CAG GTG GCT
GTT-3' and downstream primer, 5'-CA ATT AGC TTA GCA
ATA GGT GTT GG-3'. The sequence data for strain R6
appears in the EMBL, GenBank, and DDBJ nucleotide se-
quence data libraries under the accession no. X 16022 (5).

Phenotypic and genotypic characteristics of the isolates are
presented in Table 1 and Table 2. Twenty-two pneumococcal
isolates showed four major PFGE patterns after digestion with
Smal (Table 2). The most common PFGE pattern was type A,
to which 82% (18 of 22) strains belonged (Fig. 1). The PFGE
pattern of a serotype 23F strain from Spain was identical to the
type A pattern. Isolates with different serotypes or antibio-
grams showed the same PFGE pattern. The PFGE pattern
with Apal was similar to that with Smal digestion (data not
shown). A total of seven different ribotypes were noted in 22
MDR strains. Thirteen of 22 isolates (59%) showed ribotype A
or A subtype patterns (Fig. 2). Most strains with identical
PFGE patterns belonged to the same ribotypes. Fingerprinting
analysis of pbp 1a, 2x, and 2b genes digested with Hinfl showed
that 17 of 22 strains had identical fingerprinting patterns (data
not shown). The number of fingerprint patterns of pbp la, 2x,
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TABLE 1. Antimicrobial susceptibility and serogroups of 22 isolates of MDR S. pneumoniae from Korea

MIC of (ug/ml)*:

Strain Isolation Speci
pecimen source Serogroup

no. year PC CTX CTR  CLO CEX AM IMP TC EM CM
R6 =0.03 =0.03 =0.03 =1 =0.03 =0.03 =0.03 0.5 =0.06 4
Sp23F? 1989 23 2 1 1 128 8 2 0.5 16 =0.06 32
1 1989 Cerebrospinal fluid 23 4 2 2 64 8 4 0.5 8 1 8
2 1989 Cerebrospinal fluid 23 4 2 2 64 8 4 1 8 1 8
3 1990 Blood 23 4 2 2 128 8 4 0.5 8 0.25 8
4 1990 Sputum 6 4 2 2 128 8 4 0.5 8 2 8
5 1990 Ascites 23 4 2 2 128 4 4 0.5 4 0.25 8
6 1991 Ascites 19 4 2 2 128 8 4 0.5 16 2 16
7 1991 Sputum 23 4 2 2 128 4 4 0.5 1 0.25 8
8 1991 Blood 23 4 2 2 128 8 4 0.5 0.5 2 8
9 1992 Blood 6 4 2 2 128 8 4 0.5 8 1 8
10 1992 Blood 23 4 2 2 128 8 4 0.5 1 0.25 8
11 1992 Sputum 23 4 2 2 128 4 4 0.5 0.5 1 16
12 1992 Sputum 19 4 2 2 128 8 4 0.5 16 0.5 16
13 1993 Sputum 19 4 2 2 128 8 4 0.5 2 2 8
14 1993 Blood 6 2 2 2 128 8 4 0.5 4 0.25 16
15 1993 Blood 19 4 2 2 128 8 8 0.5 4 0.25 16
16 1994 Blood 19 4 2 2 128 4 4 0.5 2 16 16
17 1994 Sputum 23 4 2 2 128 8 4 0.5 4 4 16
18 1995 Sputum 23 2 4 2 128 8 4 0.5 8 8 8
19 1995 Sputum 19 2 4 2 128 8 4 0.5 16 32 4
20 1995 Sputum 23 2 4 2 128 8 4 0.5 32 32 4
21 1995 Sputum 23 4 4 2 128 8 4 0.5 32 32 4
22 1995 Sputum 23 2 4 2 128 8 4 0.5 16 026 16

¢ PC, penicillin; CTX, cefotaxime; CTR, ceftriaxone; CLO, cefaclor; CFX, cefuroxime; AM, ampicillin; IMP, imipenem; TC, tetracycline; EM, erythromycin; CM,
chloramphenicol.
 Sp23F, Spanish 23F clone.

and 2b genes was 5, 4, and 4, respectively. A dendrogram of same as those with Hinfl (data not shown). The PBP 2B TER
similarities showed that clusters with greater than 90% simi- of nine MDR pneumococcal strains showed very uniform al-
larities existed in 77, 77, and 82% of strains with pbp 1a, 2x, and terations in nucleotide and amino acid sequences, ranging
2b, respectively. Fingerprints with Msel and Ddel were the from 5.4 to 7.8% and from 3.0 to 4.3%, respectively. From 86.0

TABLE 2. Molecular characteristics of 22 MDR S. pneumoniae isolates from Korea

Strain PFGE Rib Fingerprint profile of: pbp 2b sequence
100 c
no. pattern o pbp la pbp 2x pbp 2b Nucleotide variation (%) Amino acid variation (%)
Sp 23F* A ND” I I I 5.4 25
1 A 3 I I I ND ND
2 A 1 I I I ND ND
3 A 1 1 I 1 54 3.0
4 A 1 I I I ND ND
5 A 1 I I I ND ND
6 A 4 I I I ND ND
7 A 1 I I I ND ND
8 A 1 I I I 5.4 3.0
9 A 1 1 I 1 5.6 3.0
10 A 1a¢ I I I 5.4 3.0
11 A 1 I I I ND ND
12 A 6 111 I I ND ND
13 A la I I I ND ND
14 A la I I I ND ND
15 A la 1 I 1 5.6 3.0
16 B 7 11 il I 5.4 3.0
17 A 1b I 111 I ND ND
18 A 1 I 11 I 5.6 3.4
19 B 4 v v 111 6.8 3.4
20 C 5 v v v 7.8 4.3
21 D 5a \Y% I v ND ND
22 A 2 I I I ND ND

“ Sp23 F, Spanish 23F clone.
> ND, not done.
¢ 1a indicates the subtype of the ribopattern which differed by only one band from original ribotype 1.



VoL. 38, 2000

(Kb

339.5

291.0 — S o, S T —
3125 ————‘:
194.0 — ==§

—

1455 ——————— X
97.0 el [
485

FIG. 1. PFGE patterns of chromosomal DNA restriction fragments of MDR
pneumococcal isolates from Korea digested with Smal. The type A pattern
(lanes 1 to 3) was the most common pattern among Korean MDR strains which
was identical to that of the Spanish 23F clone (lane 1), while the type B pattern
(lanes 4 to 5) was a pattern unique to Korean strains.

to 93.7% of nucleotide alterations and from 85.7 to 100% of
amino acid alterations were noted in the hypervariable region
which was located between bp 408 and 993, respectively. All
isolates were identical to each other with respect to nucleotide
and amino acid diversity between bp 652 (codon 218) and bp
915 (codon 305). A total of 30 amino acids in the TER were
substituted in the Korean MDR strains, while 14 amino acid
substitutions were shared by all strains. These amino acids
alterations are as followings: Ser-218—Pro, Asn-228—Tyr,
Thr-232—Lys, GIn-233—Leu, GIn-244—Glu, Thr-252—Ala,
Leu-261—lle, Asn-276—Lys, Ser-279—Thr, Glu-282—Gly,
Arg-285—Cys, Ser-286—Ala, Thr-295—Ala, and Ser-305—Phe.
Among these alterations, substitution of Lys for Asn-276, Cys
for Arg-285, and Phe for Ser-305 were found in all Korean
MDR strains but not in strains described in previous reports (4,
5, 13).

Korea has been considered to have the highest prevalences

M 1 2 3 4 5 6 7 8 Ré
(Kb)

23.1

9.4
6.7

44

23
20 -

FIG. 2. Ribotyping patterns of MDR pneumococcal isolates from Korea
digested with Pvull. Lane M is the DNA marker. Ribotype 1 is noted in MDR
strains in lanes 3 to 8 with subtypes of ribotype 1 in lanes 1 to 2, while that of a
penicillin-susceptible R6 (lane 9) is different from those of MDR strains.
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of penicillin and multidrug resistance in the world (3, 7, 14, 15).
Data from one Korean hospital showed nonsusceptibility to
penicillin rising from 29% in 1988 to 77% in 1993 (3). This
rapid emergence of pneumococcal resistance in Korea might
be due to the development and spread of resistant clones
within Korea. Our previous work has documented the poten-
tial spread of the resistant clones within Korea and between
different countries in Asia (14, 15). The current study clearly
confirmed the genetic relatedness of MDR pneumococcal
strains isolated from Korea during a 7-year period. The most
common PFGE pattern of Korean strains was identical to the
internationally epidemic Spanish 23F clone (25, 27). The in-
ternational spread of this clone was first documented in the
United States in 1989, when isolates of this clone were found
in a Cleveland, Ohio, area day care center (9). Our data sug-
gests that this clone was introduced into Korea in late 1980s, at
about the same time that the spread of the 23F clone from
Spain to the United States was recognized (9). Ribotyping and
fingerprinting analysis of PBP genes also showed similar results
with regard to the genetic relatedness of MDR strains. The
present study used three different typing methods which
showed that 12 out of 22 isolates (54.5%) had consistent ge-
notypes by all three methods. Since these strains were isolated
from different patients from various parts of South Korea
during a 7-year period, the molecular characteristics of these
strains by these methods strongly suggest that a few major
clones have disseminated in South Korea during recent years.
MDR isolates which seemed to originate from a common clone
expressed different serogroups, which suggested that capsular
transformation between serogroups 6, 19, and 23 occurs in
vivo. Nucleotide sequence analysis of the pbp 2b gene revealed
very uniform variation in nucleotide and amino acid sequences
among the Korean strains. Among 14 common alterations in
amino acid sequences in Korean MDR strains, Asn-276—Lys,
Arg-285—Cys, and Ser-305—Phe substitutions were thought
to be alterations unique to Korean strains since these muta-
tions have not been documented in pneumococcal isolates
from other countries and were not found in wild-type penicil-
lin-susceptible strains from Korea (data not shown). Thr-
252—Ala and Glu-282—Gly were also found in all Korean
strains as in penicillin-resistant strains from other part of the
world (13). According to the classification of the mutation
patterns of the PBP 2B gene (4), mutations which were very
similar to the class B mutation were found in seven Korean
MDR strains (strains 3, 8, 9, 10, 15, 16, and 18) and the Spanish
23F clone, while two strains (strains 19 and 20) were found to
have neither class A nor class B mutations. Class A mutation
was not found in Korean strains. Sequencing data showed that
a limited number of amino acid substitutions were shared by
the wild-type Korean MDR pneumococcal strains in the
transpeptidase domain of PBP 2B gene.

In conclusion, the present data show that widespread dis-
semination of a small number of MDR pneumococcus clones
has occurred in Korea during the recent years. This might
explain the rapid emergence of penicillin resistance among
pneumococci in Korea in the 1990s.

Nucleotide sequence accession number. Sequence data for
the nine Korean isolates have been assigned GenBank acces-
sion numbers AF 180878 to AF 180886.
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