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A cluster (14 of 18) of Streptococcus pneumoniae serotype 23F isolates that were resistant to penicillin (PEN),
cephalosporin, and macrolide was found in one day care center in Kaohsiung, Taiwan. We analyzed the 18
isolates by pulsed field gel electrophoresis (PFGE). All but one serotype 23F isolate demonstrated identical
PFGE patterns, which were different from the established pattern of the internationally spread Spanish 23F
clone. The three strains of serotype 19F also showed a uniform pattern. These data strongly suggest that two
novel clones of PEN-, cephalosporin-, and macrolide-resistant S. pneumoniae serotypes 23F and 19F are present
in Taiwan.

The prevalence of penicillin (PEN) resistance among pneu-
mococci is increasing alarmingly worldwide (3, 16, 30, 33). The
international spread of a restricted number of multiresistant
pneumococcal clones has significantly contributed to this in-
crease. The most extensively studied clones are those that
appear to have emerged within Spain, which include serotype
6B, 14, 23F, and 9V clones (6, 7, 8, 17, 21, 29, 34). Other clones
have been reported in countries that have a high prevalence of
antibiotic-resistant pneumococci, e.g., Hungary, Slovakia,
South Africa, and parts of the United States (13, 15, 18, 19, 28).
Apart from clonal spread, another possible mechanism of
emergence of PEN resistance is in vivo selection of clonally
unrelated strains with modified PEN binding proteins (PBP)
(11, 24).

The prevalence of PEN-resistant Streptococcus pneumoniae
in Taiwan has increased from 12 to 56.4% in the last decade
(3). We have previously documented an extremely high prev-
alence of nasopharyngeal carriage of PEN-resistant S. pneu-
moniae among children attending 15 day care facilities or kin-
dergartens in Kaohsiung, Taiwan (3). Serotypes 23F, 19F, 6B,
6A, and 14 were the most prevalent and accounted for 76% of
all isolates (unpublished data). Interestingly, serotype 23 com-
prised 14 of 18 (78%) isolates obtained from one of the day
care centers (day care center A). To further elucidate the
genetic relatedness of the isolates and to investigate the pos-
sible mechanism of spread of resistance, we performed in vitro
testing of susceptibilities to 10 drugs by E-test (AB Biodisk,
Solua, Sweden) and pulsed field gel electrophoresis (PFGE)
on the 18 isolates from day care center A.

(Presented in part at the 37th annual meeting of the Infec-
tious Diseases Society of America, Philadelphia, Pa. 19, No-
vember 1999.)

Bacterial strains. Nasopharyngeal-swab specimens for cul-
ture were collected by a single investigator who used a cotton
swab placed 1 to 1.5 in. into the nasopharynx. The specimens
were immediately placed onto 5% sheep blood (Becton Dick-
inson Microbiology System, Cockeysville, Md.). All plates were
incubated for 24 to 48 h in 5% carbon dioxide.

S. pneumoniae isolates were identified by a typical colony
appearance, alpha-hemolysis, and Gram staining. Confirma-
tory tests included optochin sensitivity and bile solubility tests.
All strains were kept frozen at 270°C in tryptic soy broth for
further analysis.

Antimicrobial susceptibility testing. The MICs of antibiotics
were determined by E-test according to the manufacturer’s
instructions. NCCLS breakpoints were used to interpret the
E-test results (23).

Serotyping. The serogroups of S. pneumoniae isolates were
determined by Quellung reaction with 12 pools of rabbit pneu-
mococcal antisera in the Danish checkerboard typing system
(Copenhagen Serum Institute, Copenhagen, Denmark), to-
gether with pools G and I. Serotypes were further determined
by the factor sera (31).

DNA preparation, restriction, enzyme, digestion, and
PFGE. PFGE of chromosomal DNA was performed as previ-
ously described (20). Interpretation of PFGE interrelation-
ships was performed according to the criteria of Tenover et al.
(32). Isolates with restriction patterns showing a one- to three-
fragment difference were considered to belong to a common
major PFGE restriction type.

The results of susceptibility testing and serotyping are shown
in Table 1. All but one isolate were highly resistant to PEN
(MIC, $2 mg/ml). All isolates were resistant to cefaclor, eryth-
romycin, and tetracycline. A substantial percentage of isolates
were nonsusceptible (i.e., either intermediate or highly resis-
tant) to extended-spectrum cephalosporin (cefotaxime [83%]
or ceftriaxone [83%]), imipenem (94%), chloramphenicol
(44%), or trimethoprim-sulfamethoxazole (94%). The only
isolate with intermediate resistance to PEN was of serotype
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6B. Among the remaining isolates, 3 were serotype 19F and 14
were serotype 23F.

Digestion of S. pneumoniae DNA with SmaI resulted in 10 to
16 well-resolved fragments 20 to 300 kb in size for comparison
between strains (Fig. 1). Three different PFGE patterns were
observed: 13 strains of serotype 23F showed one pattern (des-
ignated type A), 1 serotype 23F isolate and the 3 serotype 19F
isolates demonstrated another pattern (type B), and a third
pattern (type C) was expressed by the 1 serotype 6B isolate.
Notably, all three patterns were unique and different from
those of the previously reported 6B, 19F, and 23F clones.

One serotype 23F isolate demonstrated exactly the same
PFGE pattern as that of 19F isolates (Fig. 1, lane 7) (type B
pattern). The possibility of capsular transformation among

these isolates was high, although we did not further examine
the capsular biosynthetic genes.

This study demonstrates two distinctive clones of PEN-,
cephalosporin-, and macrolide-resistant S. pneumoniae in in-
fants attending a single day care center. These clones were
genetically distinct from the previously reported Spanish 23F
and 19F clones in Europe and the United States but similar to
clones reported from other areas of Taiwan (27). Molecular
typing studies of PEN-resistant S. pneumoniae from several
countries suggest that the majority of strains circulating within
a geographic area are derivatives of a relatively small number
of clonal lineages (22, 26). However, with the limited number
of isolates tested, the precise prevalence of these two PEN-,
cephalosporin-, and macrolide-resistant clones in Taiwan re-
mains undetermined.

The fact that all but one of the 18 isolates from day care
center A were highly resistant to PEN but only half of them
were highly resistant to either cefotaxime or ceftriaxone is in
agreement with mechanisms of resistance in extended-spec-
trum cephalosporins (1, 4, 5). A high level of resistance to
cefotaxime and ceftriaxone is due to the production of altered
low-affinity forms of only PBP1a and -2x, whereas intermedi-
ate- or high-level resistance to PEN is characterized by a re-
duction in the affinities of PBP1a, -2x, and -2b (1, 5). The
PBP2b gene product of S. pneumoniae has very low affinity for
cephalosporins, and inactivation of this PBP appears not to be
involved in the killing action of cefotaxime or ceftriaxone at
physiologically relevant concentrations (4, 5). As a conse-
quence, resistance to extended-spectrum cephalosporins will
not necessarily correlate with resistance to PEN (1, 4, 5).

The 13 23F isolates with identical PFGE patterns were all
highly resistant to PEN, cefaclor, erythromycin, and tetracy-
cline. On the other hand, the MICs of extended-spectrum
cephalosporins, chloramphenicol, and trimethoprim-sulfame-
thoxazole for these isolates were different. It is notable that

TABLE 1. Antimicrobial susceptibilities and serotypes of 18 isolates from day care center A

Isolate
no.

MIC (mg/ml)
Serotype

PEN Cefaclor Cefuroxime Cefotaxime Ceftriaxone Imipenem Erythromycin Chloramphenicol Tetracycline Trim-sulfaa

8 0.5 .256 4 1 0.5 0.094 .256 4 64 2 6B
10 2 .256 4 1 1 0.5 .256 8 16 8 19F
1 4 .256 4 1 1 0.5 16 4 16 4 19F
5 2 .256 4 0.5 0.5 0.25 16 4 16 2 19F
17 4 .256 4 1 1 0.125 .256 32 32 8 23F
13 4 .256 2 0.5 0.5 0.25 .256 4 32 0.5 23F
9 4 .256 0.023 1 2 0.5 .256 4 32 8 23F
11 4 .256 8 2 2 0.5 .256 8 32 4 23F
12 4 .256 8 2 2 0.5 .256 64 32 8 23F
14 4 .256 4 1 1 0.5 .256 8 32 16 23F
15 4 .256 8 2 2 0.5 .256 64 32 16 23F
16 4 .256 8 1 1 0.5 .256 4 32 16 23F
18 4 .256 8 2 2 0.5 .256 4 32 8 23F
2 4 .256 8 2 2 0.5 .256 32 32 4 23F
3 4 .256 8 2 2 0.5 .256 4 32 4 23F
4 4 .256 4 2 2 0.5 .256 4 16 2 23F
6 4 .256 8 0.064 2 1 .256 4 32 4 23F
7 4 .256 8 1 2 0.5 .256 8 32 4 23F
MIC50 4 .256 4 1 2 0.5 .256 4 32 4
MIC90 4 .256 8 2 2 0.5 .256 32 32 16

a Trim-sulfa, trimethoprim-sulfamethoxazole.

FIG. 1. PFGE profiles of 18 isolates of S. pneumoniae from day
care center A. Lane 1, lambda ladder; lane 2, Spanish clone 23F; lane
3, serotype 6B (strain 8); lanes 4 to 6, serotype 19F (strains 10, 1, and
5); lane 7, serotype 23F (strain 17); lanes 8 to 20, serotype 23F (strains
13, 9, 11, 12, 14, 15, 16, 18, 2, 3, 4, 6, and 7).
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within this group of 13 related strains, chloramphenicol resis-
tance varied by up to 16-fold. Identical antibiotic susceptibility
patterns with different PFGE patterns have been reported
before (12). Since antimicrobial susceptibility patterns are eas-
ily influenced by selective pressure exerted by several antimi-
crobial agents, they cannot be relied upon to predict the ge-
netic relatedness of drug-resistant S. pneumoniae strains. From
our data on PFGE and susceptibility patterns, it appears rea-
sonable to speculate that pneumococcal resistance is a combi-
nation of the spread of resistant clones and the spread of
resistance genes within those clonal lineages.

The fact that the 23F clone was clustered in one day care
center raises an interesting question as to the epidemiological
origin of these clones. Day care centers have been implicated
as sites of augmentation and spread of drug-resistant S. pneu-
moniae in several recent studies (9, 10, 14, 35). The epidemic
diffusion of resistant serotype 23F strains in group day care
centers has been reported (2, 25). The distinctive clones we
identified in a single day care center might represent the evo-
lutionary result of a combination of antibiotic selection pres-
sure and close contact. However, the possibility of epidemic
spread in the entire population has not been excluded.

The bacterial ecological situation of the day care center, with
the resident PEN-, cephalosporin-, and macrolide-resistant
clones, is critical. Strategies to prevent the spread of such
drug-resistant S. pneumoniae clones are increasingly important.
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