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Genetic relationship of penicillin resistant Streptococcus
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SUMMARY

Pulsed field gel electrophoresis (PFGE) of the genomic DNA of penicillin resistant serotype
19B Streptococcus pneumoniae was carried out. Thirteen strains form the Nagasaki area and 12
strains from other areas in Japan were examined. Twenty-three strains were resistant to
erythromycin, tetracycline and trimethoprim/sulfamethoxazole but susceptible to
chloramphenicol. Eight strains were resistant to ceftriaxone. All strains were multiply resistant.
Five strains isolated from Nagasaki were indistinguishable from each other by using restriction
enzymes Apa I and Sma 1. Two strains isolated from other areas were indistinguishable from
the above five strains. We could classify 13 Nagasaki strains into 3 groups and the total of 25
Japanese strains into 6 groups. These results suggest that the increasing prevalence of multiply
drug resistant S. pneumoniae serotyped 19B in Japan is not due to a single clone, but at least

one clone has spread widely in Japan.

INTRODUCTION

Streptococcus pneumoniae is a part of the normal
microflora of the nasopharynx and also an important
pathogen, responsible for pneumonia, bacteraemia,
meningitis, otitis media, and other infections [1]. It has
been estimated that 150000-570000 cases of pneumo-
coccal pneumonia occur in the United States and that
5% of individuals with pneumococcal pneumonia die
each year [2]. Recently, it has also become one of the
most frequent bacterial pathogens in patients with
AIDS in the developing world [3].

In 1967, the first penicillin resistant S. pneumoniae
was reported in Australia [4]. Since then, penicillin
resistant S. pneumoniae has been isolated from all over
the world. The increase and the spread of these strains
worldwide has become a major therapeutic and
epidemiological concern [5, 6]. Specific epidemio-
logical markers used to survey penicillin resistant S.
pneumoniae infections include serotyping, penicillin-
binding protein patterns, multilocus enzyme electro-
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phoresis patterns, and pulsed field gel electrophoresis
(PFGE) patterns. Penicillin resistant S. pneumoniae
belong predominantly to serogroups/serotypes 6, 14,
19 and 23 worldwide. [5]. Recent surveillance in Japan
showed most of penicillin resistant S. pneumoniae to
be serogroup 19 or 23 [7]. We also reported that the
major penicillin resistant S. pneumoniae in the
Nagasaki area belonged to serotype 19B [8]. Molecular
studies have shown that some resistant strains, which
belong to serotype 6B, 23F and serogroup 9, spread
over large distances [9—-11]. However, no data on the
spread of serotype 19B pneumococci have been
reported.

In this study, we examined the genetic relationship
between penicillin resistant S. pneumoniae serotype
19B isolated in our hospital and those in other areas
of Japan. Moreover, we examined antimicrobial
susceptibility of these strains to several antibiotics.
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Table 1. Properties of clinical isolates of serotype 19B penicillin resistant pneumococci

MIC (ug/ml)t Resistance patternt

Strain Origin Year Status* Source PCG CTRX EM TC TS CP CLDM VCM
NAG-1 Nagasaki 1988 IP Sputum 2 0-25 R R R S S S
NAG-2 Nagasaki 1990 OP Sputum 2 0-5 R R R S R S
NAG-3 Nagasaki 1991 OP Sputum 2 1 R R R S S S
NAG-4 Nagasaki 1992 OP Sputum 2 05 R R R S R S
NAG-5 Nagasaki 1992 1P Sputum 2 0-5 R R R S R S
NAG-6 Nagasaki 1993 IP Sputum 2 0-5 R R R S S S
NAG-7 Nagasaki 1993 IP Sputum 2 05 R R R S S S
NAG-8 Nagasaki 1994 1P Sputum 2 0-5 R R R S S S
NAG-9 Nagasaki 1994 1P Sputum 2 1 S R R S S S
NAG-10 Nagasaki 1994 OP Sputum 2 0-5 R R R S S S
NAG-11 Nagasaki 1994 OP Sputum 4 0-5 R R R S S S
NAG-12 Nagasaki 1994 1P Sputum 2 0-5 R R R S S S
NAG-13 Nagasaki 1994 1P Sputum 2 0-5 R R R S S S
JPN-1 Hiroshima 1994 OP Pleural effusion 2 1 R R R S R S
JPN-2 Yokohama 1994 IP Blood 2 2 R R R S S S
JPN-3 Fukuoka 1995 1P Sputum 2 0-5 R R R S S S
JPN-4 Osaka 1995 OP Sputum 2 0-5 R R R S S S
JPN-5 Nagano 1995 OP Middle ear fluid 2 0-5 R R R S S S
JPN-6 Hamamatsu 1994 [P Middle ear fluid 2 0-5 R R R S R S
JPN-7 Nagoya 1994 OP Sputum 2 1 R R R S R S
JPN-8 Akita 1995 OP Middle ear fluid 2 1 R R R S R S
JPN-9 Miyazaki 1995 OP Middle ear fluid 2 1 R R R S R S
JPN-10 Chiba 1995 1P Sputum 2 2 R R R S R S
JPN-11 Chiba 1995 OP Sputum 4 0-5 S R R R S S
JPN-12 Tokyo 1994 OP Middle ear fluid 2 0-25 R R R S R S

* 1P, in-patient; OP, out-patient.

1 PCG, penicillin G; CTRX, ceftriaxone; EM, erythromycin; TC, tetracycline; TS, trimethoprime/sulfamethoxazole; CP,
chloramphenicol; CLDM, clindamycin; VCM, vancomycin; S, susceptible; R, resistant.

METHODS
Bacterial strains and antimicrobial susceptibility

Of 280 S. pneumoniae isolated during a 7-year period
(1988-94) in Nagasaki University Hospital, 18 peni-
cillin resistant S. pneumoniae (PRSP) with penicillin G
(PCG) MICs of = 2-0 ug/ml were detected. Thirteen
of the 18 PRSP belonged to serotype 19B. These 13
PRSP isolated in our hospital and the other 12
serotype 19B PRSP isolated in other hospitals in
Japan in 1994-5 (which were randomly selected and
provided by H. Kurokawa, Health Science Institute,
Yokohama, Japan) were used in this study.
Identification of strains was based on colony
morphology, result of Gram stain, bile solubility and
optochin susceptibility [1]. MICs of PCG (Meiji
Pharmaceutical Co. Ltd, Japan) and ceftriaxone
(CTRX; Nippon Roche K. K., Japan) for the isolates
were determined by the National Committee for
Clinical Laboratory Standards (NCCLS)-
recommended broth microdilution method with
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cation-adjusted Mueller-Hinton broth supplemented
with 3% lysed horse blood as previously described
[8, 12]. Serotyping was performed by detection of the
quellung reaction with specific antisera from the
Statens Seruminstitut (Copenhagen, Denmark) [1].

Additional susceptibility studies were also done for
erythromycin (EM), tetracycline (TC), chloram-
phenicol (CP), trimethoprim/sulfamethoxazole (TS),
clindamycin (CLDM) and vancomycin (VCM) by
NCCLS-recommended disk diffusion method [12].
Antimicrobial disks were purchased from Becton-
Dickinson Microbiology Systems, Cockeysville, MD,
USA. The susceptibility standards for each antibiotic
were defined according to NCCLS break points [12].
Both intermediate resistant and resistant categories
were included as resistant in this study.

Chromosomal analysis by PFGE

Genomic DNA was prepared by the procedure
described by Lefevre and colleagues [13]. The DNA
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fixed in the agarose blocks was preincubated in Sma I
restriction buffer (33 mm Tris-acetate, pH 7-9, 10 mm
MG-acetate, 0-5 mm dithiothreitol, 66 mM K-acetate
and 0-01 % bovine serum albumin) or Apa I restriction
buffer (10 mm Tris-HCI, pH 7-5, 10 mm MgCl, and
1 mmM dithiothreitol) at room temperature for 1 h. The
blocks were mixed with 250 U/ml of Sma I (Takara
Shuzo, Co. Ltd, Ohtsu, Japan) at 30 °C or Apa 1
(Takara Shuzo, Co. Ltd, Ohtsu, Japan) restriction
enzyme at 37 °C for 20 h.

Plugs containing restricted DNA were cast in 1-5%
agarose gel (Agarose NA, Pharmacia LKB, Sweden)
by supporting them against a comb while the liquid
agarose was poured and allowed to solidify [14]. After
solidification, the gel was prepared in the running
buffer, 0-5x TBE (50 mm Tris, 50 mMm boric acid,
0-2mM EDTA [pH 8:0]). A Gene Navigator System
(Pharmacia LKB, Sweden) was used. The running
condition for Apa I- and Sma I-digested plugs was
200 V for 22 h with pulse times 9-0 s, and 200 V for
20 h with pulse times 9-5s, respectively. Lambda
DNA ladder (FMC BioProducts, USA) was used as a
molecular size marker.

Thereafter, gels were stained with ethidium bromide
and destained in distilled water before being photo-
graphed under UV transillumination. To interpret
chromosomal DNA restriction patterns produced by
PFGE, we used the criteria recommended by Tenover
and colleagues [15]. Briefly, each strain was classified
as indistinguishable, closely related, possibly related,
and different if the number(s) of fragment differences
compared with a reference strain were 0, 1-3, 4-6,
> 7, respectively. If the fragment patterns were
indistinguishable, closely related, or probably related
in DNA restriction patterns, they were considered as
derivatives from a common ancestor.

RESULTS

Antimicrobial susceptibilities of 25 penicillin resistant
S. pneumoniae

Most of serotype 19B PRSP in this study were
resistant to EM, TC and TS but susceptible to CP
(Table 1). NAG-2, NAG-4, NAG-5, JPN-1, JPN-6,
JPN-7, JPN-8, JPN-9, JPN-10 and JPN-12 were also
resistant to CLDM. Moreover NAG-3, NAG-9, JPN-
1, JPN-2, JPN-7, JPN-8, JPN-9 and JPN-10 were also
resistant to CTRX (MIC, > 1 ug/ml). All strains
were susceptible to VCM. Pneumococci with re-
sistance to at least three different classes of antibiotics
were defined as multiply resistant [6]. All strains were
multiply resistant in this study.
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Fig. 1. Pulsed field gel electrophoresis of Sma I-digested
genomic DNA from 19B PRSP strains isolated in Nagasaki
area. The outermost two lanes are A DNA ladder. Sizes (in
kilobases) are indicated on the right. NAG-1, which was
first isolated in Nagasaki University Hospital, was used as
the reference strain.
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Fig. 2. Pulsed field gel electrophoresis of Apa I-digested
genomic DNA from 19B PRSP strains isolated in Nagasaki
area. The outermost two lanes are A DNA ladder. Sizes (in
kilobases) are indicated on the right. NAG-1 was used as the
reference strains.
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Table 2. Genetic relationship of 25 serotype 19B
penicillin resistant pneumococci by PFGE profiles of
Sma I and Apa I restriction fragments

Sma 1 Apa 1 Grouping by

Strain pattern*® pattern*® PFGE

NAG-1 al al Group A
NAG-2 a4(C) a4(C) Group A
NAG-3 y c Group C
NAG-4 al a3(C) Group A
NAG-5 a5(C) a5(C) Group A
NAG-6 al al Group A
NAG-7 a3(C) a2(C) Group A
NAG-8 ol al Group A
NAG-9 sl bl Group B
NAG-10 al al Group A
NAG-11 al al Group A
NAG-12 a2(P) al Group A
NAG-13 a2(P) al Group A
JPN-1 al al Group A
JPN-2 al al Group A
JPN-3 al a8(C) Group A
JPN-4 al a3(C0) Group A
JPN-5 a2(P) al Group A
JPN-6 a6(C) a6(C) Group A
JPN-7 a7(C) a7(C) Group A
JPN-8 £2(C) b2(P) Group B
JPN-9 B3(P) b3(P) Group B
JPN-10 0 d Group D
JPN-11 € e Group E
JPN-12 ¢ f Group F

* C, closely related; P, possibly related.

Chromosomal analysis of pneumococcal DNA by
PFGE

To compare these strains by PFGE, we chose strain
NAG-1, which was the first clinical 19B PRSP isolated
in our hospital, as the reference. The Sma I and Apa
I restriction patterns of five strains, NAG-1, NAG-6,
NAG-8, NAG-10, and NAG-11 were indistinguish-
able from each other and were designated type «1 and
type al (Figs. 1, 2). The Sma 1 profile of NAG-4 and
the Apa 1 profile of NAG-12 and NAG-13 were also
identical to the reference. The Sma I profiles of strains
NAG-12 and NAG-13 were possibly related to the
reference profile. The Sma I profiles of NAG-2, NAG-
5 and NAG-7 were closely related to the reference.
NAG-2, NAG-4, NAG-5 and NAG-7 were considered
to be closely related strains by the Apa I profile. Since
not only the Sma I profile but also the Apa I profile of
NAG-9 and NAG-3 differed by at least seven bands
comparing to the reference, they were considered to
be different strains and were designated £1(bl) and y
(c), respectively. Considering the above results, we

https://doi.org/10.1017/50950268896007273 Published online by Cambridge University Press

al a2 a6alf12f30 & ¢
=3
< §] < e
S = 3 A2 s S E S <
2tz Zzgigiadzs g
HOo 923 HHE wHE S22
S H oS 8 88 8 &= .2 3
zEFf 287222 22<300 €
o~

£33 993049950%355 53
2222%222%222%22%2%2%2%
RZEEREEZEEREZEEREER BER

(kb)

2425
194-0

145-5

Fig. 3. Comparison between the Sma I profiles of Nagasaki
strains and those of isolates from other Japanese areas. The
Sma 1 profiles of JPN-1, 2, 3, and 4 were indistinguishable
from that of NAG-1. The profile of JPN-5 was possibly
related to the reference strain (NAG-1) and indistinguish-
able from that of NAG-12. The profiles of JPN-6 and 7 were
closely related. The profiles of JPN-8, 9, 10, 11, 12 were
different from that of NAG-1 but JPN-8 and 9 were closely
and possibly related to NAG-9.

could classify 13 PRSP isolated in our hospital into
three groups (Group A, B and C) (Table 2).

We compared the PFGE profiles of the above
strains to 12 other strains isolated from different
areas. Sma 1 profiles of JPN-1, JPN-2, JPN-3 and
JPN-4 were indistinguishable from those of NAG-1
(Fig. 3). The Apa I profiles of JPN-1, JPN-2 and JPN-
5 were the same as NAG-1 (data not shown). The
PFGE profiles of JPN-6 and JPN-7 were slightly
different from NAG-1 and these strains were con-
sidered to be closely related. The Sma I and Apa 1
profiles of JPN-8 and JPN-9 were possibly related to
NAG-9. The profiles of JPN-10, JPN-11 and JPN-12
were entirely different from those of the previous
groups and designated groups D, E, and F, re-
spectively (Table 2).

DISCUSSION

The appearance of penicillin resistant S. pneumoniae
has already become an important problem all over the
world. Several severe infections caused by these
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Fig. 4. Map of Japan illustrating the geographic distri-
butions of 25 PRSP. @, Areas where strain (s) in group A
was (were) isolated ; O, ares where strain in group A was not
isolated in this study.

resistant strains have been reported [16—-18]. In this
study, we have investigated the genetic relationships
among 19B PRSP in our hospitals and compared
them to those isolated in other hospitals in Japan by
PFGE. Most 19B PRSP isolated in our hospital
belonged to Group A. The PFGE profiles of JPN-1
and JPN-2 isolated far from Nagasaki were in-
distinguishable from NAG-1 and those of JPN-3,
JPN-4, JPN-5, JPN-6 and JPN-7 were genetically
related (Fig. 4). This lead us to the conclusion that
these strains belonged to the same group. Therefore, it
is suggested that Group A strains have spread not
only within but also outside the Nagasaki area. The
Sma 1 restriction patterns of JPN-8 and JPN-9 were
closely and possibly related to NAG-9 (Group B),
respectively, and Apa I patterns of these two strains
were possibly related to NAG-9. However, suscep-
tibility patterns were different from NAG-9. We need
to examine other molecular methods to clarify the
relatedness of these three strains. The PFGE profiles
of other strains were apparently different from
Nagasaki strains (Group D-F). These results
suggested that the increase of serotype 19B PRSP in
Japan was not due to a single clone, but is due to
several independent clones and that some strains
(Groups A) may have spread widely in Japan.

All Group A strains were resistant to EM, TC and
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ST. Some strains in this group were also resistant to
CLDM. This might mean that their parental clone
might be first resistant to EM, TC, TS as like NAG-
1, then by selective pressure of antibiotic treatment
and finally become resistant to CLDM as well.

Therapy with an extended-spectrum cephalosporin
against infections by penicillin resistant S. pneumoniae
is usually successful. However, S. pneumoniae strains
resistant to broad-spectrum cephalosporins have
recently been reported, together with clinical treat-
ment failure [18-20]. It may be clinically important to
survey the spread of PRSP with decreased suscep-
tibility to extended-spectrum cephalosporins. In this
study, some strains in group A, which may be a
widespread group in Japan, were resistant to CTRX.
We need to survey widespread occurrence of clinically
important PRSP as like group A thoroughly. Our
findings may be of use in the planning aimed at
control and possible prevention of the spread of
PRSP.
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