
JOURNAL OF CLINICAL MICROBIOLOGY,
0095-1137/99/$04.0010

Sept. 1999, p. 2834–2839 Vol. 37, No. 9

Copyright © 1999, American Society for Microbiology. All Rights Reserved.

Evidence of Clonal Dissemination of Multidrug-Resistant
Streptococcus pneumoniae in Hong Kong

MARGARET IP,1* DONALD J. LYON,1 RAYMOND W. H. YUNG,2 COLIN CHAN,1

AND AUGUSTINE F. B. CHENG1

Department of Microbiology, The Chinese University of Hong Kong, Prince of Wales Hospital, Shatin,1 and
Pamela Youde Nethersole Eastern Hospital,2 Hong Kong

Received 21 December 1998/Returned for modification 18 February 1999/Accepted 19 May 1999

The relationship between the phenotypic and genotypic characteristics of 105 penicillin-intermediate or
-resistant Streptococcus pneumoniae isolates saved during 1994 to 1997 at the Prince of Wales Hospital and
Pamela Youde Nethersole Eastern Hospital, Hong Kong, was studied. The pbp genes for penicillin-binding
proteins 1a, 2b, and 2x for each isolate were amplified by PCR, and the products were digested with restriction
enzymes HinfI and AluI. A combination of the pulsed-field gel electrophoresis (PFGE) profiles, pbp finger-
prints, and phenotypic characteristics of capsular types and antibiograms enabled these isolates to be divided
into four major groups. Seventy-four percent (78 of 105) of the strains, belonging to serotypes 23F, 19F, and
14, showed indistinguishable pbp fingerprint patterns (group A1, 1-1-1, 1-1-1), with PFGE patterns belonging
to group A and its subtypes, suggesting that these strains were closely related. Eighty-three percent (65 of 78)
of these isolates were also resistant to tetracycline, erythromycin, chloramphenicol, and trimethoprim. The
type 23F isolates were indistinguishable from representative strains of the Spanish 23F clone by these
molecular methods, indicating that these strains may be variants of the Spanish 23F clone. Serotype 6B
accounted for 19% (20 of 105) of the isolates with reduced penicillin susceptibility and was made up of variants
belonging to four different pbp fingerprint groups with the PFGE pattern group B, the predominant group
being indistinguishable from that of the Spanish 6B clone. Other PFGE and fingerprint groups were mainly
obtained from penicillin-susceptible strains of various serotypes. The results suggest that the rapid emergence
of drug-resistant S. pneumoniae in Hong Kong has been due to the rapid dissemination of several successful
clones.

Streptococcus pneumoniae is a major cause of respiratory
infection, septicemia, and meningitis worldwide and is associ-
ated with high morbidity and mortality, especially at the ex-
tremes of age. Non-penicillin-susceptible strains (penicillin
MICs of $0.1 mg/ml), first described in the late 1960s in Aus-
tralia (15), have increased in prevalence in the last decade in
many parts of the world and currently account for more than
10% of pneumococcal isolates in regions of North and South
America, Europe, Africa, and Asia (1). The percentage rose to
40% in Spain (24) and 48% in France (13) in the 1990s. In the
United States, nationwide surveys showed that 27.8% of S.
pneumoniae isolates had reduced susceptibility to penicillin
and 16.0% were resistant to penicillin (10). In the Western
Pacific region, recent studies have shown rapidly rising rates of
resistance in Korea (34, 35), Singapore (21), Taiwan (6), Hong
Kong (18, 25), and mainland China (37). Most of the isolates
in Korea and Japan belonged to serogroup 19 or 23 (34, 35,
38). In Hong Kong, at the Prince of Wales Hospital (PWH), a
1,400-bed hospital in the New Territories of Hong Kong, the
rapid emergence of penicillin-resistant pneumococci has been
described, with the resistance rate to penicillin in sputum
pneumococcal isolates rising from 6.6% in early 1993 to 55% in
mid-1995 (25). Most of these isolates were also resistant to
co-trimoxazole, tetracycline, chloramphenicol, and erythromy-
cin.

Two main mechanisms have been postulated for the world-

wide dissemination of resistance genes in pneumococci, clonal
and horizontal spread. There is good evidence to show the
rapid intercontinental spread of some successful clones, in
particular the type 23F and 19F clones originating in Spain
(26). Another distinct multidrug-resistant Spanish-Icelandic
serotype 6B clone has spread extensively from Spain to Iceland
and from Spain to other parts of Europe, including France,
Finland, the former West Germany, and Hungary (28, 33).
Altered forms of penicillin-binding proteins (PBPs), in partic-
ular, PBPs 1a, 2b, and 2x, have been implicated in the devel-
opment of penicillin and cephalosporin resistance (7). The
nucleotide sequences of the genes coding for PBP 2b and PBP
2x in penicillin-resistant isolates differ extensively from those
present in susceptible strains and may have arisen via inter-
species recombinational events (11, 23) with the creation of
novel resistant isolates with altered (mosaic) pbp genes which
spread horizontally. Pneumococcal isolates apparently belong-
ing to the Spanish type 23F clone have been found to express
the capsular types 19F and 14 (8), suggesting that the genes
specifying the capsular type can be replaced by genetic trans-
formation. Recent work has provided evidence for the ex-
change of capsular biosynthetic genes by recombination (9).

In Hong Kong, the majority of the penicillin-resistant pneu-
mococcal isolates had penicillin MICs of 1 or 2 mg/ml, were
multidrug resistant, and had either of the capsular types 23F
and 19F (25). This suggests a fairly high level of similarity
among the isolates and may suggest the presence of one or
several main clones within the population. In this study, we
aimed to further define the degree of relatedness of multidrug-
resistant S. pneumoniae in Hong Kong, in order to understand
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better the rapid emergence of drug-resistant pneumococci in
this territory.

(This work was presented at the 38th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, September
1998, San Diego, Calif. [16].)

MATERIALS AND METHODS

Selection of isolates for DNA fingerprinting. A total of 105 strains of S.
pneumoniae intermediate or resistant to penicillin isolated at the PWH, New
Territories, and Pamela Youde Nethersole Eastern Hospital (PYNEH) during
the period January 1994 to December 1997 were studied. The majority of the
PWH and PYNEH strains were from sputum (.95%), and the remainder were
from cerebrospinal fluid and blood. S. pneumoniae isolates were screened for
penicillin resistance by the 1-mg oxacillin disk method on Mueller-Hinton agar
supplemented with 5% horse blood. Isolates with an oxacillin disk zone of
inhibition of #19 mm were defined as being of reduced susceptibility and were
saved. The PWH strains used were isolated from hospitalized patients during the
first 48 h after admission and were therefore regarded as community-acquired
strains. Only isolates with penicillin MICs of $0.1 mg/ml were analyzed. The two
hospitals are located in the northern and southern parts of Hong Kong, and the
isolates were thus deemed to be representative of strains from patients with
pneumococcal infections requiring hospital admissions in Hong Kong. Repre-
sentatives of well-defined international clones (Spanish serotype 23F [26H; gift
from T. J. Coffey] and Spanish serotypes 23F and 6B [Sp267 and Sp681, respec-
tively; gifts from K. P. Klugman]) and ATCC 49619 were included for compar-
ison. Penicillin-susceptible clinical S. pneumoniae isolates of known serotypes
including 23F, 19F, and 14 and the penicillin-susceptible ATCC 6305 strain were
also included. Capsular serotyping of the isolates was by the chessboard agglu-
tination or the quellung reaction method with Pneumotest antisera (Statens
Seruminstitut, Copenhagen, Denmark).

Antimicrobial resistance profiles. The MICs of penicillin, cefotaxime, tri-
methoprim, chloramphenicol, tetracycline, and erythromycin were determined
by the National Committee for Clinical Laboratory Standards agar dilution
method (27). An inoculum of approximately 104 CFU per spot was inoculated
onto Mueller-Hinton agar supplemented with 5% defibrinated horse blood and
incubated at 35°C for 18 h. S. pneumoniae ATCC 6305 and ATCC 49619 and
Staphylococcus aureus NCTC 6571 were included as controls.

Restriction fragment length polymorphism of pbp genes. PCR amplification of
pbp 1a, pbp 2b, and pbp 2x genes was performed with primers as described
previously (26). The target sequence was amplified in a 25-ml reaction mixture
containing 2 ml of sample DNA, a 5.0 mM mixture of the four deoxynucleoside
triphosphates, 50 pM (each) oligonucleotide primers, and 1 U of Expand high-
fidelity DNA polymerase (Boehringer, Mannheim, Germany) in the reaction
buffer (10 mM KCl, 1.5 mM MgCl2, 10 mM KCl, 0.1 mM dithiothreitol, 0.01 mM
EDTA, and 2 mM Tris-HCl, pH 7.5) provided. The reaction mixture was dena-
tured at 94°C for 5 min, followed by 35 cycles of amplification and final extension
at 72°C for 10 min on a programmable OmniGene DNA thermal cycler (Hybaid,
Middlesex, United Kingdom). Each cycle consisted of 30 s at 94°C, 30 s at the
50°C annealing temperature, and 90 s at 72°C for the PCR. Fingerprinting of pbp
genes was performed with AluI and HinfI enzymes, respectively, in a 10-ml
reaction mixture containing reaction buffer (10 mM magnesium acetate, 50 mM
potassium acetate, 10 mM Tris-acetate, pH 7.5) and incubated at 37°C overnight
as recommended by the manufacturer. The mixture was electrophoresed on 3%
high-resolution agarose (Metaphor; FMC BioProducts, Rockland, Maine) at 60
V for 3 h.

PFGE. Isolates of S. pneumoniae were cultured in Todd-Hewitt broth at 37°C
in 5% CO2 for 16 h. The bacterial cells were pelleted, washed once, and resus-
pended in SE buffer (75 mM NaCl, 25 mM EDTA, pH 7.5). The turbidity was
adjusted to a 1.0 McFarland standard. One milliliter of this suspension was
repelleted, resuspended in 50 ml of SE buffer, mixed with an equal volume of 2%
SeaPlaque GTG agarose (FMC BioProducts), and dispensed into plug molds.
Plugs were prepared for pulsed-field gel electrophoresis (PFGE) as previously
described (19). The chromosomal DNA was digested with restriction enzymes,
SmaI and ApaI, respectively. The restriction fragments were resolved on a 1%
SeaKem Gold agarose (FMC BioProducts) gel run on a PFGE apparatus, Chef
Mapper (Bio-Rad, Richmond, Calif.), at 6 V/cm for 22 h, with switching times
ramped from 1 to 30 s. An including angle of 120°C was used. The conditions
used for the electrophoresis were modified from those of the work of Hall et al.
(14). A lambda DNA-PFGE molecular size standard (Pharmacia Biotech, Pis-
cataway, N.J.) was run on the two outside lanes of the gel and after every five
samples. Control strains, Enterococcus faecium ATCC 51558 and S. pneumoniae
of the Spanish clone 23F, were included in each gel to act as procedure controls.
The gel was stained with ethidium bromide (1 mg/ml) and destained, and the
fragments were visualized under UV transillumination and scanned into a com-
puter with the ImageMaster VDS gel documentation system (Pharmacia Bio-
tech, Uppsala, Sweden). Two controls were included in each gel to confirm the
reproducibility of the procedures, and if these profiles were not identical, the
remaining profiles were repeated.

Computer analysis of PFGE profiles. The PFGE fingerprints were analyzed by
computer comparisons with the GelCompar (version 4) software (Applied

Maths, Kortrijk, Belgium), and dendrograms were calculated by the Dice method
and by clustering by the unweighted pair group method with averages. Estimates
of fragment sizes were made, and the banding patterns of PFGE profiles were
compared visually. For closely related patterns, a type, e.g., A, was designated
and further subclassified into subtypes A1, A2, A3, etc. Unique PFGE profiles
were designated types B, C, and D, etc., if four or more band differences were
observed.

RESULTS

Antimicrobial resistance profiles. The MICs at which 50 and
90% of the isolates were inhibited and MIC range for the
tested antimicrobial agents for the strains with reduced sus-
ceptibility to penicillin are shown in Table 1. Sixty-two percent
(66 of 105) had intermediate susceptibility to penicillin with
MICs between 0.12 and 1.0 mg/ml, while the remaining 38%
(39 of 105) had MICs of 2.0 mg/ml and were resistant to
penicillin. Ten percent (11 of 105) of these isolates were sus-
ceptible to cefotaxime with MICs of #0.5 mg/ml. Eighty-four
percent (88 of 105) had MICs of 1.0 mg/ml and had interme-
diate susceptibility to cefotaxime, and 5% (6 of 105) were
resistant and had MICs of 2.0 mg/ml (Table 2). In the penicil-
lin-resistant group, all the isolates either were intermediately
susceptible or resistant to cefotaxime and 87% (34 of 39) of
these strains were also resistant to erythromycin, tri-
methoprim, chloramphenicol, and tetracycline, whereas 62%
(41 of 66) of the penicillin-intermediate group were similarly
multidrug resistant (P , 0.01, chi-square test).

Capsular types. One hundred five strains of S. pneumoniae
with intermediate susceptibility or resistance to penicillin were
serotyped. Only five serotypes, namely, 23F, 19F, 6B, 14, and
9V, were identified. The most frequent serotypes were 23F (51
of 105) and 19F (30 of 105), constituting 49 and 29% of all the
strains, respectively. The remainder of the strains belonged to

TABLE 1. MICs for 105 S. pneumoniae isolates with reduced
susceptibility to penicillin (penicillin MIC $ 0.12 mg/ml)

Drug MIC50
a (mg/ml) MIC90

a (mg/ml) MIC range
(mg/ml)

Penicillin 1.0 2.0 0.25–2.0
Cefotaxime 1.0 1.0 0.12–2.0
Erythromycin 8.0 $64 0.12–.64
Trimethoprim $64 $64 2.0–.64
Chloramphenicol 16 16 2.0–16
Tetracycline 16 32 0.25–.64

a MIC50 and MIC90, MICs at which 50 and 90%, respectively, are inhibited.

TABLE 2. Relationship of penicillin susceptibility category to
cefotaxime susceptibility and multidrug resistance in 105 S.
pneumoniae isolates with penicillin MICs of $ 0.12 mg/ml

Resistance typea

No. of isolates (%)

Penicillin
intermediateb

Penicillin
resistantc Totald

Cefotaxime I (MIC, 1.0 mg/ml) 53 (80) 35 (90) 88 (84)
Cefotaxime R (MIC, $2.0 mg/ml) 2 (3) 4 (10) 6 (6)
MDR 48 (73) 34 (87) 82 (78)
MDR plus cefotaxime I or R 41 (62) 34 (87) 75 (71)

a I, intermediate; R, resistant; MDR, multidrug resistant (MICs of tetracy-
cline, erythromycin, chloramphenicol, and trimethoprim of $4.0, $0.5, $8.0,
and $1.0 mg/ml, respectively).

b MIC, 0.1 to 1.0 mg/ml; n 5 66.
c MIC, $2.0 mg/ml; n 5 39.
d n 5 105.
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serotypes 6B (18%, 19 of 105), 14 (2.9%, 4 of 105), and 9V
(1%, 1 of 105).

pbp fingerprints and PFGE profiles. Four to six distinct
patterns were obtained for each of the pbp 1a, 2b, and 2x genes
when digested with HinfI or AluI. The combination of the six
patterns obtained for each strain of S. pneumoniae allowed
classification into 13 fingerprint subgroups, A1, A2, B1 to B4,
C, D, E1 to E4, and F. The penicillin- and multidrug-resistant
pneumococci gave fingerprints which were clearly different
from those of the penicillin-susceptible isolates. Seventy-five
percent (79 of 105) of the strains were assigned to fingerprint
group A1 (1-1-1, 1-1-1), which included strains with capsular
serotypes 23F, 19F, 14, and 9V and strains from the Spanish
serotype 23F clone (Table 3). Serotype 6B accounted for 18%
(19 of 105) of the isolates and was made up of variants belong-
ing to four different fingerprint groups, B1 to B4. Fingerprint
groups E1 to E4 and F were obtained from penicillin-suscep-
tible strains of various serotypes. Figure 1 shows the restriction
patterns obtained when the pbp 2b and 2x genes were amplified
by PCR and the products were digested with restriction endo-
nuclease HinfI.

Seven major PFGE profiles, A to G, and their subtypes were
identified among the penicillin-intermediate or -resistant
pneumococcal strains when either SmaI or ApaI was used
(Table 3). The most frequent PFGE pattern was reported as
type sA (representing the pattern with SmaI as the enzyme for
digestion) or pA (with ApaI for digestion). Closely related
patterns were designated subtypes sA1, sA2, sA3, etc. Strains
which were considered unique if PFGE patterns differed by
more than three bands were designated types B, C, D, etc. The

two restriction enzymes enabled all the strains to be sorted into
their corresponding groups, except for patterns pD and sE,
where two different patterns were obtained when the other
enzyme was used. All the isolates with type A PFGE profiles

TABLE 3. pbp fingerprints, PFGE profiles, and phenotypic characteristics of penicillin-intermediate or -resistant S. pneumoniae isolates

pbp gene fingerprinta PFGE profile Phenotypic characteristic
No. of isolates

(total no. of
105)Group

HinfI AluI
SmaI ApaI Serotype

MIC (mg/ml)b

Resistance profilec

1a 2b 2x 1a 2b 2x P C

A1 1 1 1 1 1 1 sA (sA1
to -5)

pA (pA1
to -9)

23F 1.0–2.0 0.5–2.0 P, C, T, E, Ch, Tm 35

P, C, T, Ch, Tm 7 (2)d

P, C, E, Ch, Tm 3
P, C, T, E, Tm 2
P, T, E, Ch, Tm 1

19F P, C, T, E, Ch, Tm 22
P, T, E, Ch, Tm 3
P, C, E, Ch, Tm 1

14 P, C, T, E, Ch, Tm 4
sF pF 9V P, C, T, Tm 1

A2 1 2 1 1 2 1 sE pE, pG 19F 0.25–0.5 0.25–0.5 P, T, E, Tm 2
P, T, E, Ch, Tm 1

B1, B2, B3 1 1 4 5 2 3 sB (sB1
to -3)

pB (pB1
to -5)

6B 0.25–2.0 0.5–1.0 P, C, T, E, Ch, Tm 14 (1)e

B2, B3 1 1 4 6 2 3 P, T, E, Ch, Tm 2
B1, B2 1 4 4 5 6 3 P, C, T, E, Tm 2
B4 1 6 4 5 2 3 P, T, E, Tm 1

C 4 3 6 4 4 4 sC pC 19F 0.25 0.06 P, Tm 1f

D 1 5 1 6 5 3 sD pD 23F 1.0–2.0 1.0 P, C, T, E, Tm 3
sG pD 19F P, C, T, E, Tm 1

a In the columns marked “HinfI” and “AluI,” rows 3 to 6 indicate pbp patterns of groups B1 to B4, respectively.
b P, penicillin; C, cefotaxime.
c P, penicillin (MIC, $0.1 mg/ml); C, cefotaxime (MIC, $0.5 mg/ml); T, tetracycline (MIC, $4.0 mg/ml); E, erythromycin (MIC, $0.5 mg/ml); Ch, chloramphenicol

(MIC, $8.0 mg/ml); Tm, trimethoprim (MIC, $1.0 mg/ml).
d Two Spanish 23F isolates, 26H and Sp267.
e One Spanish 6B isolate, Sp681.
f ATCC 49619.

FIG. 1. Fingerprints of the pbp genes. HinfI restriction patterns of the pbp 2b
(A) and 2x (B) genes after PCR. Lanes i, ii, iii, etc., indicate the different
fingerprint patterns for each gene. Lanes M are molecular size standards.
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belonged to serotype 23F, 19F, or 14. The penicillin-suscepti-
ble group gave unique PFGE patterns (types H to N) different
from those of the penicillin-intermediate and -resistant group.
A typical SmaI digestion PFGE profile is shown in Fig. 2.

Figure 3 shows a dendrogram of the cluster analysis of the
ApaI digestion PFGE profiles. The isolates segregated into two
major clusters. The major cluster of isolates fell within a cutoff
value of 80% similarity and consisted of strains with PFGE
type A profiles, suggesting that these strains were closely re-
lated genetically. The other small cluster of isolates belonged
to the PFGE type B group.

Overall, 74% (78 of 105) of the strains belonged to pbp
group A1, which included serotypes 23F, 19F, and 14 and
which had PFGE type A profiles, suggesting that these strains
were closely related. These isolates were also indistinguishable
from isolates of the Spanish 23F clone, except that the majority
differed by having resistance to erythromycin. The predomi-
nant subgroups were seen in strains from both PWH and
PYNEH.

One strain with serotype 9V carried an altered pbp finger-
print pattern (group A1) identical to that of the predominant
type but differed in PFGE pattern. This suggests that the al-
tered pbp genes may have arisen by horizontal transfer of the
pbp genes from the predominant resistant clone.

Seven isolates also belonging to serotypes 23F and 19F gave
three different pbp fingerprint groups, namely, A2 (1-2-1, 1-2-
1), C (4-3-6, 4-4-4), and D (1-5-1, 6-5-3), and had unique
PFGE profiles. Fingerprint groups A2 and C included only
isolates with reduced susceptibility to penicillin with MIC
ranges of 0.25 to 0.5 mg/ml and with sensitivity to cefotaxime
with a MIC of 0.06 to 0.5 mg/ml. Only one isolate, ATCC
49619, belonged to fingerprint group C, indicating that the

alterations in the pbp genes in this strain probably originated
quite differently from those of the other penicillin-intermedi-
ate or -resistant isolates. pbp fingerprint group A2 had pbp 1a
and 2x patterns identical to those of group A1 and differed only
in pbp 2b restriction patterns. Fingerprint group D had differ-
ent restriction patterns from pbp 1a, 2b, and 2x genes when
AluI was used. The most likely explanation for this is that
recombinations with de novo mutations of the pbp genes oc-
curred and the number of isolates involved has remained small.

DISCUSSION

The isolation of penicillin-resistant pneumococci has signif-
icantly increased in many places worldwide during the 1990s.
Some of the countries which have seen the highest rates of
penicillin resistance have been in the Far East, in particular,
South Korea (34), Taiwan (6), and Japan (36). These countries
have seen some of the most rapidly rising rates of penicillin-
resistant pneumococci; most of these were multidrug resistant
and often belonged to a few successful clones, in particular,
those of serotypes 23F and 19 (6, 34–36, 38). Our data from
Hong Kong provides more on the rapid emergence of penicil-
lin-resistant pneumococci in this region.

The study detected a major group of highly related isolates
(74%) which was indistinguishable from the Spanish serotype
23F antibiotic-resistant clone (26H and Sp267), suggesting that
these isolates may represent a variant of the Spanish 23F clone.
Identical clones of multidrug-resistant serotype 23F S. pneu-
moniae have been identified in South Africa, the United States,
Western Europe, Hungary, and Asia (12, 21, 26, 28, 34, 35).
However, our strains expressed three different serotypes, 23F,
19F, and 14. This could be explained in two ways. Firstly, these
could represent different clones of pneumococcal isolates that
were genetically closely related. Using multilocus sequence
typing, Shi et al. (31) in Taiwan in 1998 found that their
penicillin-resistant isolates belonged to three prevalent clones,
a Taiwanese 19F clone, a Taiwanese 23F clone, and a second
serotype 23F clone which was indistinguishable from the Span-
ish multidrug-resistant serotype 23F clone. They postulated that
the Taiwanese clones may have originated in East Asia. As was
also the case in Hong Kong, they noted the rapid spread of clones
of penicillin-resistant S. pneumoniae during 1994 and 1995.

The second possible explanation for these highly similar
isolates expressing three different serotypes is that horizontal
transfer of capsular biosynthetic genes may have occurred be-
tween isolates which had the genetic background of the Span-
ish 23F clone. Examples of clonally related organisms mani-
festing different capsular serotypes have previously been
reported (20, 32). Recombinational exchanges have been shown
to occur at the capsular polysaccharide biosynthetic gene and
have led to serotype changes from serotype 14 to serotype 23F (3)
and from serotype 19 to serotype 23F in penicillin-resistant S.
pneumoniae (9). We also found our predominant serotype 6B
profile to be indistinguishable from the Spanish 6B clone (Sp681)
which has been identified also in Iceland, France, Finland, Ger-
many, and Hungary (12), providing further support for the hy-
pothesis of the spread of international clones in Hong Kong.
Further assessment of the population structure of our isolates,
e.g., by multilocus sequence typing, will be required to distinguish
these possibilities for Hong Kong isolates.

Certain common factors may have contributed to this rapid
spread of clones in Hong Kong and in South Korea, Japan, and
Taiwan. Using population genetic methods and epidemiologi-
cal observations, Austin et al. (2) showed that consistent anti-
biotic consumption above a critical level can trigger the emer-
gence of resistance and that the rapidity of emergence and final

FIG. 2. SmaI digestion PFGE profiles for S. pneumoniae isolates. Gel strips
A to G represent patterns from penicillin-intermediate or -resistant S. pneu-
moniae isolates, and strips H to N represent patterns from penicillin-sensitive
strains. Markers are molecular size standards.
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level of resistance are proportional to the level of consump-
tion. These countries have seen significant economic develop-
ment, and antibiotics are affordable and readily available. High
levels of antibiotic consumption have been noted in the Hong
Kong community (22) and are reflected by high levels of re-
sistance to tetracycline in S. pneumoniae in Hong Kong prior to
the emergence of penicillin resistance (16, 17). In contrast,
areas such as Beijing, China (37), Malaysia (29), and Bang-
ladesh (30) have reported lower levels of penicillin resistance
and a more heterogeneous pattern of penicillin-resistant S.
pneumoniae. In the United States, institutions such as day care
centers and nursing homes have been implicated as the source
of these resistant pneumococci (4, 5). In Hong Kong, and likewise
in Taiwan and Japan, the cities are densely populated. Under

such circumstances, these multidrug-resistant S. pneumoniae
strains may become highly successful and disseminate widely.

Knowledge of the genetic basis of resistance is essential for
development of effective control strategies for the prevention
of drug-resistant S. pneumoniae. Our data adds to the litera-
ture documenting the rapid dissemination of successful clones
of drug-resistant S. pneumoniae in regions of East Asia.
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