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There is a high prevalence of �-lactam- and macrolide-resistant Streptococcus pneumoniae in Taiwan. To
understand the in vitro susceptibilities of recent isolates of S. pneumoniae to fluoroquinolones and telithro-
mycin (which is not available in Taiwan), the MICs of 23 antimicrobial agents for 936 clinical isolates of S.
pneumoniae isolated from different parts of Taiwan from 2000 to 2001 were determined by the agar dilution
method. Overall, 72% of isolates were not susceptible to penicillin (with 61% being intermediate and 11% being
resistant) and 92% were resistant to erythromycin. Telithromycin MICs were >1 �g/ml for 16% of the isolates,
and for 99% of these isolates the MICs of all macrolides tested were >256 �g/ml; all of these isolates had the
constitutive macrolide-lincosamide-streptogramin B phenotype. Eighty-eight percent of the isolates were re-
sistant to three or more classes of drugs. The ciprofloxacin MICs were >4 �g/ml for six (0.6%) isolates from
five patients collected in 2000 and 2001, and the levofloxacin MICs were >8 �g/ml for five of these isolates.
Seven isolates for which ciprofloxacin MICs were >4 �g/ml, including one isolate recovered in 1999, belonged
to three serotypes (serotype 19F, five isolates; serotype 23A, one isolate; and serotype 23B, one isolate). The
isolates from the six patients for which ciprofloxacin MICs were >4 �g/ml had different pulsed-field gel
electrophoresis profiles and random amplified polymorphic DNA patterns, indicating that no clonal dissem-
ination occurred over this time period. Despite the increased rate of fluoroquinolone use, the proportion of
pneumococcal isolates for which ciprofloxacin MICs were elevated (>4 �g/ml) remained low. However, the
occurrence of telithromycin resistance is impressive and raises concerns for the future.

For decades, the worldwide increase in the incidence of
Streptococcus pneumoniae resistance to penicillin, other �-lac-
tams, and macrolides has had a strong influence on antimicro-
bial therapy for pneumococcal diseases (11, 38). This problem
is further complicated by the worldwide emergence of resis-
tance to some fluoroquinolones (levofloxacin, moxifloxacin,
gatifloxacin, and gemifloxacin), which have been developed in
the hope of alleviating this problem (3, 7, 8, 12, 25, 32, 35, 38).
The Infectious Diseases Society of America and the Centers
for Disease Control and Prevention have recommended the
use of some of these agents as initial treatment or the alter-
native treatment of choice for community-acquired pneumonia
(1, 11). Although levofloxacin resistance among S. pneumoniae
is rare (�1%), a fourfold increase in the proportion of levo-
floxacin-resistant isolates was seen in the United States (from
0.2% in 1997 and 1998 to 0.8% in 1999) (26, 28). It should be
noted, however, that these data are based on studies with two

different study populations (26, 28). Moreover, a high preva-
lence of levofloxacin resistance (5.5%) has been reported in
Hong Kong (12). The occurrence of levofloxacin-resistant S.
pneumoniae strains appears to be related to selective pressure
resulting from the increasing rates of fluoroquinolone (cipro-
floxacin and levofloxacin) use (6, 12, 26).

In Taiwan, the rate of resistance to penicillin, other �-lactam
antibiotics, trimethoprim-sulfamethoxazole, and macrolides
among S. pneumoniae isolates is remarkably high (4, 10, 15–17,
30). Ciprofloxacin has been available since 1990, and levofloxa-
cin was introduced in 2000. The latter agent has been included
in the list of antibiotics in Taiwanese guidelines for the treat-
ment of community-acquired pneumonia (23). In Taiwan, the
annual cost of fluoroquinolones was $3.4 million (U.S. dollars)
in 1994 (ranked fourth, by antibiotic class, after cephalospo-
rins, penicillins, and macrolides), and this increased to $4.6
million in 1998 (ranked third, after cephalosporins and peni-
cillins) (2). Although high incidences of ofloxacin and cipro-
floxacin resistance have been observed among many common
bacterial pathogens (18, 20), only one clinical isolate of S.
pneumoniae has been shown to be resistant to these fluoro-
quinolones, and that isolate was reported in 1999 (21).
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To better understand the impact of the increasing rate of
fluoroquinolone use on the possible emergence of fluoroquin-
olone resistance and the susceptibilities of S. pneumoniae
strains with preexisting high levels of �-lactam and macrolide
resistance to the ketolide telithromycin, we examined the in
vitro activities of newer fluoroquinolones, telithromycin, and
other antibiotics against isolates recently collected from differ-
ent parts of Taiwan. The serotypes and the genetic relatedness
of isolates resistant to ciprofloxacin (MICs, �4 �g/ml) were
determined.

(This study was a part of the Surveillance from Multicenter
Antimicrobial Resistance in Taiwan program conducted in
2001.)

MATERIALS AND METHODS

Isolates. From January 2000 to December 2001, a total of 936 S. pneumomiae
isolates were collected for study. These isolates were recovered from various
clinical specimens from patients treated at nine medical centers (each center has
from 800 to 3,000 beds) located in different cities in Taiwan. These hospitals
included National Taiwan University Hospital (NTUH), Taipei (478 isolates);
Chang-Gung Memorial Hospital (CGMH), LinKou (94 isolates); Mackay Me-
morial Hospital (MMH), Taipei (80 isolates); Tri-Service General Hospital
(TSGH), Taipei (25 isolates); Taichung Veterans General Hospital (VGH-
Taichung), Taichung (76 isolates); China Medical College Hospital (CMCH),
Taichung (36 isolates); National Cheng-Kung University Hospital (CKUH),
Tainan (26 isolates); Chi-Mei Medical Center (CMMC), Tainan (36 isolates);
and Kaohsiung Veterans General Hospital (VGH-Kaohsiung), Kaohsiung (83
isolates). Among these isolates, 198 (20%) were recovered from normally sterile
body sites (i.e., they were invasive isolates from, e.g., blood, cerebrospinal fluid,
peritoneal fluid, joint fluid, or pleural fluid), while the rest were isolated from
respiratory tract secretions. Among these isolates, 206 were recovered in 2000
and 730 were recovered in 2001. All isolates were further identified by conven-
tional methods at NTUH.

Resistance trends. Susceptibilities to penicillin and erythromycin were deter-
mined by the routine disk diffusion method for the 1,768 isolates of S. pneu-
moniae recovered from patients treated at NTUH from January 1984 to Decem-
ber 2001. For penicillin susceptibility testing, a 10-U penicillin disk was used from
1984 to 1989 and a 1-�g oxacillin disk was used after 1990 (18). Trends for
dilution susceptibility to antimicrobial agents, including fluoroquinolones, for
isolates recovered from various parts of Taiwan from 1996 to 2001 were also
analyzed on the basis of the results of two previous studies and this study (16, 17).

Antimicrobial susceptibility testing. The following antimicrobial agents were
provided by their manufacturers for use in this study: penicillin, erythromycin,
clindamycin, tetracycline, chloramphenicol, and rifampin (Sigma Chemical Co.,
St. Louis, Mo.); amoxicillin-clavulanate and gemifloxacin (GlaxoSmithKline,
Greenford, United Kingdom); vancomycin (Eli Lilly & Co., Indianapolis, Ind.);
cefotaxime, cefpirome, teicoplanin, quinupristin-dalfopristin, and telithromycin
(Aventis Pharma, Romainville, France); cefepime and gatifloxacin (Bristol-My-
ers Squibb, Princeton, N.J.); imipenem and ertapenem (Merck Sharp & Dohme,
Rahway, N.J.); meropenem (Sumitomo Pharmaceuticals, Tokyo, Japan); azithro-
mycin (Pfizer Inc., New York, N.Y.); tigecycline (Wyeth-Ayerst, Pearl River,
N.Y.); linezolid (Pharmacia, Kalamazoo, Mich.); levofloxacin and sitafloxacin
(Daiichi Pharmaceuticals, Tokyo, Japan); and ciprofloxacin and moxifloxacin
(Bayer Co., Leverkusen, Germany).

The MICs of these agents for all 936 S. pneumoniae isolates were determined
by the agar dilution method and were interpreted according to the guidelines
established by the National Committee for Clinical Laboratory Standards (33,
34). The isolates were grown overnight on Trypticase soy agar plates supple-
mented with 5% sheep blood (BBL Microbiology Systems, Cockeysville, Md.) at
37°C in ambient air. Bacterial inocula were prepared by suspending the freshly
grown bacteria in sterile normal saline and adjusting the suspension to a 0.5
McFarland standard. For susceptibility testing of these isolates, we used Mueller-
Hinton agar supplemented with 5% sheep blood (BBL Microbiology Systems).
By using a Steers replicator, an organism density of 104 CFU/spot was inoculated
onto the appropriate plate with various concentrations of antimicrobial agents.
The following organisms were included as control strains: Staphylococcus aureus
ATCC 29213, Enterococcus faecalis ATCC 29212, and S. pneumoniae ATCC
49619.

For comparison, the susceptibilities of 60 isolates recovered from 1996 to 1999

(15 isolates per year) which had been reported previously were redetermined by
agar dilution methods for comparison of the data with those for isolates collected
in 2000 and 2001. Susceptibility data for isolates collected over the four time
periods, 1996-1997 (16), 1998-1999 (17), and 2000 and 2001 (this study) were also
compared.

Erythromycin-resistant phenotypes. The resistance phenotypes of the eryth-
romycin-resistant S. pneumoniae (ERSP) isolates were determined by the dou-
ble-disk test with an erythromycin disk (15 �g) and a clindamycin disk (2 �g)
(BBL Microbiology Systems) as described previously (22). A blunting of the
clindamycin zone of inhibition proximal to the erythromycin disk for clindamy-
cin-susceptible isolates indicated an inducible macrolide-lincosamide-strepto-
gramin B phenotype. Resistance to both clindamycin and erythromycin without
blunting of the clindamycin zone of inhibition was interpreted as the constitutive
macrolide-lincosamide-streptogramin B (cMLSB) phenotype. A macrolide resis-
tance phenotype (M phenotype) was characterized by susceptibility to clindamy-
cin without blunting of the inhibition zone around the erythromycin disk.

Serotyping. The serotypes of isolates resistant to ciprofloxacin were deter-
mined by the capsular swelling method (Quellung reaction) (16). All antisera
were obtained from the Statens Seruminstitut (Copenhagen, Denmark).

Genotyping. The genetic relatedness of the six isolates for which ciprofloxacin
MICs were �4 �g/ml, the six isolates for which ciprofloxacin MICs were �2
�g/ml (four serotype 19F isolates and two serotype 23F isolates), and the two
control strains (S. pneumoniae ATCC 49619 and the Spanish serotype 23F strain)
was identified by the random amplified polymorphic DNA (RAPD) patterns
generated by arbitrarily primed PCR and pulsed-field gel electrophoresis
(PFGE), as described previously (19). The three random primers used in arbi-
trarily primed analysis were M13, ERIC1, and OPA-7 (Operon Technologies,
Inc., Alameda, Calif.). The restriction enzyme used for PFGE analysis was SmaI.
Interpretation of RAPD patterns and PFGE profiles (pulsotypes) was in accor-
dance with previously described criteria (19, 37).

PCR and DNA sequencing. The gyrA, gyrB, parA, and parC DNA fragments of
the six ciprofloxacin-resistant S. pneumoniae isolates, S. pneumoniae ATCC
49619, and the Spanish serotype 23F strains were amplified and sequenced as
described previously (21). These data were compared to that for a ciprofloxacin-
resistant strain (strain SP39) found in 1999 (21).

RESULTS

Penicillin and erythromycin nonsusceptibility trends at a
university hospital, 1984 through 2001. Figure 1 shows the
annual incidences of penicillin-nonsusceptible S. pneumoniae
(PNSSP) and ERSP isolates among the 1,768 isolates of S.
pneumoniae obtained from 1984 to 2001 at NTUH. The num-
ber of organisms rose remarkably beginning in 1996, ranging
from less than 70 before 1995 to more than 300 in 2001. The
incidence of PNSSP rose markedly beginning in 1993 and
peaked (86%) in 1999 before decreasing in 2000. A stepwise
rise in the incidence of ERSP has also been seen since 1985
and reached a plateau (80 to 90%) from 1996 to 2001.

Dilution susceptibility data for isolates collected in 2000
and 2001. As described in Table 1, 72% of the isolates were not
susceptible to penicillin, with 61% (566 isolates) being inter-
mediate (penicillin-intermediate S. pneumoniae [PISP]; MICs,
0.12 to 1 �g/ml) and with 11% (106 isolates) having a high level
of resistance (penicillin-resistant S. pneumoniae [PRSP];
MICs, �2 �g/ml). Penicillin MICs were �4 �g/ml for 3% of
the isolates. Among the invasive isolates, 68% were not sus-
ceptible to penicillin (PISP, 59%; PRSP, 9%). Seventy-three
percent of the noninvasive isolates were not susceptible to
penicillin (PISP, 61%; PRSP, 12%). Among the 428 isolates
recovered from children (ages, �16 years), 88% were not sus-
ceptible to penicillin (PISP, 77%; PRSP, 11%). Sixty percent of
the 508 isolates recovered from patients aged �17 years were
not susceptible to penicillin (PISP, 47%; PRSP, 13%).

Erythromycin-resistant isolates (MICs, �1 �g/ml) and clin-
damycin-resistant isolates (MICs, �1 �g/ml) were common (92

2146 HSUEH ET AL. ANTIMICROB. AGENTS CHEMOTHER.



and 61%, respectively). Thirty-three percent of the erythromy-
cin-resistant isolates had the M phenotype. The erythromycin-
resistant M phenotype was more common among PRSP iso-
lates (46%) than among PSSP isolates (20%). Seventy-nine
percent of the PRSP isolates also were not susceptible to ce-
fotaxime.

Ciprofloxacin MICs were �4 �g/ml for six isolates (0.6%).
Among these six isolates, all isolates (0.6%), four isolates
(0.4%), and one isolate (0.1%) were also not susceptible to
levofloxacin (MICs, �4 �g/ml), gatifloxacin (MICs, �4 �g/ml),
and moxifloxacin (MIC, �4 �g/ml), respectively. All cipro-
floxacin-resistant isolates had intermediate or high-level resis-

FIG. 1. Penicillin nonsusceptibility (PNSSP) and erythromycin resistance (ERSP) trends determined by the routine disk diffusion method for
1,768 isolates of S. pneumoniae recovered from patients treated at the National Taiwan University Hospital from January 1984 to December 2001.

TABLE 1. In vitro susceptibilities of 936 clinical S. pneumoniae isolated from 2000 to 2001 in Taiwan determined by the agar dilution method

Antibiotic
MIC (�g/ml)a % of isolatesb

Range 50% 90% S I R

Penicillin �0.03–4 0.5 2 28 61 11
Amoxicillin-clavulanate �0.03–4 0.5 1 98 1 1
Cefotaximec �0.03–4 0.5 1 68 (98) 30 (1) 2 (1)
Cefpirome �0.03–2 0.5 1 —d — —
Cefepimec �0.03–8 1 1 51 (96) 46 (3) 3 (1)
Imipenem �0.03–1 0.12 0.25 87 12 1
Meropenem �0.03–2 0.25 0.5 72 26 2
Ertapenem �0.03–4 0.25 0.5 98 1 1
Tigecycline �0.03–1 �0.03 0.06 — — —
Erythromycin 0.12–�128 �128 �128 6 2 92
Azithromycin 0.25–�128 �128 �128 6 2 92
Clindamycin �0.03–�128 �128 �128 38 1 61
Chloramphenicol �0.03–32 4 16 69 0 31
Trimethoprim-sulfamethoxazole 4–�128 128 �128 14 16 70
Vancomycin �0.03–1 0.25 0.5 100 0 0
Teicoplanin �0.03–0.25 0.12 0.12 — — —
Quinupristin-dalfopristin �0.03–8 1 2 71 23 6
Linezolid �0.03–2 1 1 100 0 0
Ciprofloxacin �0.03–�64 1 2 — — —
Levofloxacin �0.03–32 1 2 99.4 0.1 0.5
Moxifloxacin �0.03–4 0.12 0.25 99.9 0.1 0.0
Gatifloxacin �0.03–8 0.25 0.25 99.6 0.2 0.2
Gemifloxacin �0.03–0.5 �0.03 �0.03 — — —
Sitafloxacin �0.03–1 �0.03 0.06 — — —
Telithromycin �0.03–4 0.12 1 85e 14 1

a 50% and 90%, MICs at which 50 and 90% of isolates, respectively, are inhibited.
b S, susceptible; I, intermediate; R, resistant.
c Susceptibility data for the treatment of meningitis (nonmeningitis) according to the interpretive criteria recommended by NCCLS (34).
d —, no interpretive criteria provided by NCCLS.
e Susceptibility data for telithromycin according to the European MIC breakpoints, i.e., susceptible, �0.5 �g/ml; intermediate, 1 to 2 �g/ml; and resistant, �4 �g/ml.
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tance to penicillin (Table 2). Levofloxacin, gatifloxacin, and
moxifloxacin MICs were not �4 �g/ml for any of the PSSP
isolates. Among the six fluoroquinolones tested, gemifloxacin
and sitafloxacin were the most active, and all isolates were
inhibited by 0.5 �g of gemifloxacin per ml and 1 �g of sita-
floxacin per ml.

Of the other agents tested, resistance to trimethoprim-sul-
famethoxazole (MICs, �2 �g/ml for trimethoprim and 76
�g/ml for sulfamethoxazole) was the most common (76%).
Some isolates (�5%) were not susceptible to extended-spec-
trum cephalosporins (according to the criteria for isolates from
patients with meningitis or without meningitis) or carbapen-
ems, and 8% of the isolates were resistant to quinupristin-
dalfopristin. All isolates were susceptible to vancomycin
(MICs, �1 �g/ml) and linezolid (MICs, �2 �g/ml).

All isolates were inhibited by telithromycin at 4 �g/ml and
tigecycline at 1 �g/ml. Telithromycin MICs ranged from 1 to 2
�g/ml for 15% of isolates, and telithromycin MICs were 4
�g/ml for 1% of the isolates. The MICs of all macrolides tested
were �256 �g/ml for nearly all isolates (98.6%; 139 of 141
isolates) for which telithromycin MICs were �1 �g/ml; all of
these isolates had the cMLSB phenotype. Isolates for which
telithromycin MICs were �1 �g/ml were widely distributed in
different parts of Taiwan, with a higher prevalence (20.5%) in
the middle of Taiwan (Fig. 2). Among the 141 isolates for
which telithromycin MICs were �1 �g/ml, 64.5% (91 isolates)
were recovered in 2000 and 85.1% (120 isolates) were isolated
from respiratory secretions. Telithromycin MICs were �0.5
�g/ml for all ciprofloxacin-resistant isolates. Eighty-eight per-
cent of the isolates were resistant to three or more classes of
drugs.

Islandwide trends in pneumococcal resistance, 1996 through
2001. The penicillin and cefotaxime MICs for the 60 isolates
evaluated in this study were identical or within �1 dilution of
the values reported from previous studies (16, 17). From 1996-
1997 to 2001 (1,403 isolates), the proportion of isolates that
were intermediate to penicillin increased from 28 to 60%, but
the proportion of those highly resistant to penicillin decreased
from 33 to 11%. The proportions of isolates intermediate
(54% in 1998-1999, 39% in 2000, and 28% in 2001) or resistant
(22% in 1996-1997 and 2% in both 2000 and 2001) to cefo-
taxime also declined.

Serotypes and genotypes of ciprofloxacin-resistant isolates.
Among the six ciprofloxacin-resistant isolates found in 2000-
2001 and the one ciprofloxacin-resistant isolate found in 1999
(isolate SP39), five belonged to serotype 19F. Isolates from
different patients had different RAPD patterns and PFGE
profiles (Table 2). The RAPD patterns and pulsotypes of the
seven ciprofloxacin-resistant isolates were different from those
of the ciprofloxacin-susceptible isolates as well as that of the
Spanish serotype 23F strain. The gyrA sequence data for the six
isolates (isolates B to G) were identical to those for SP39, i.e.,
nucleotide substitutions (TCC to TTC) resulting in an amino
acid change from Ser-81 to Phe in gyrA. For parC, two isolates
(isolates B and E) had substitutions resulting in a change from
Ser-79 to Phe, one isolate (isolate C) had substitutions result-
ing in both a change from Ser-79 to Phe and a change from
Lys-137 to Asn, and the other three isolates (isolates D, F, and
G) had no amino acid changes in parC.
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Fluoroquinolone use and fluoroquinolone resistance. The
levels of consumption of the three major quinolones (norfloxa-
cin, ofloxacin, and ciprofloxacin) increased from 1.28 tons in
1997 to 1.97 tons in 2001, and the annual level of levofloxacin
consumption increased threefold from 2000 (0.33 tons) to 2001
(0.96 tons). The first isolate for which the ciprofloxacin MIC
was �4 �g/ml (the levofloxacin MICs are unknown) was de-
scribed in 1996. Despite the increased level of fluoroquinolone
use, the proportions of pneumococcal isolates for which cip-
rofloxacin MICs were �4 �g/ml or for which levofloxacin
MICs were � 8 �g/ml remained low, ranging from 0.4 to 0.7%
from 1996 to 2001 for ciprofloxacin and 0.4 to 0.6% from 1998
to 2001 for levofloxacin (Table 3).

Characteristics of patients harboring ciprofloxacin-resis-
tant S. pneumoniae isolates. Among the six patients seen in
2000-2001whose specimens were positive by culture for cipro-
floxacin-resistant S. pneumoniae, five were adults and none had
been exposed to any quinolones within the 2 months prior to
the isolation of the resistant isolates (Table 2). One patient
(patient 6) had two episodes of infections due to the same
clones of ciprofloxacin-resistant S. pneumoniae. None of the

five patients infected with these resistant isolates received
treatment with quinolones. All the isolates were susceptible to
telithromycin (MICs, �0.5 �g/ml).

DISCUSSION

Four aspects of this study of recent S. pneumoniae isolates
from Taiwan are of particular interest. First, for a significant
proportion of Taiwan isolates, particularly those with high-
level resistance to macrolides (cMLSB phenotype), the te-
lithromycin MICs were high (�1 �g/ml). Moreover, these iso-
lates were widely distributed throughout Taiwan. Second,
despite the increasing rates of use of fluoroquinolones (partic-
ularly ciprofloxacin, ofloxacin, and levofloxacin) in clinical set-
tings, the occurrence of ciprofloxacin and/or levofloxacin resis-
tance among S. pneumoniae isolates did not dramatically
increase. The strains most likely to be fluoroquinolone resis-
tant were also resistant to macrolides and penicillin. Third,
data from NTUH and the islandwide surveillance revealed that
the proportions of both PNSSP and macrolide-resistant S.
pneumoniae isolates plateaued at a high level, while the pro-
portion of high-level penicillin-resistant isolates (penicillin
MICs, �2 �g/ml) appeared to decline. The latter finding
strongly indicates that penicillin remains the drug of choice for
the treatment of infections other than meningitis due to S.
pneumoniae in Taiwan (23). Finally, the high degree of poly-
morphism among our ciprofloxacin-resistant isolates indicates
that clonal dissemination of resistant isolates does not exist.

The fact that a significant proportion of the isolates evalu-
ated in this study were not susceptible to telithromycin is of
great concern, because this agent is not yet available in Taiwan.
Previous studies have shown that telithromycin is very active
against macrolide-susceptible and -resistant S. pneumoniae iso-
lates, irrespective of the macrolide resistance mechanisms, that

FIG. 2. Geographic distribution of isolates for which telithromycin MICs were �1 �g/ml recovered from nine major hospitals located in
different parts of Taiwan.

TABLE 3. Secular trend of ciprofloxacin and levofloxacin
susceptibility among clinical S. pneumoniae isolates in

Taiwan from 1996 to 2001

Year No. of isolates
tested

No. (%) of isolates for which:

Ciprofloxacin MICs
were �4 �g/ml

Levofloxacin MICs
were �8 �g/ml

1996–1997 200 1 (0.5) —a

1998–1999 276 1 (0.4) 1 (0.4)
2000 206 1 (0.5) 1 (0.5)
2001 730 5 (0.7) 4 (0.6)

a —, data not available.

VOL. 47, 2003 DRUG-RESISTANT S. PNEUMONIAE IN TAIWAN 2149



is, whether the isolates are erm(B) positive with the MLSB

phenotype or mef(A) positive with the M phenotype (5, 9, 31).
The seemingly excellent activity of telithromycin makes this
agent a promising alternative for the treatment of infections
caused by S. pneumoniae when macrolides are indicated (9).
However, several reports have demonstrated that telithromy-
cin has decreased activities against S. pneumoniae and Strep-
tococcus pyogenes isolates with erm(B)-mediated macrolide re-
sistance (MICs, up to 1 and up to 64 �g/ml, respectively) (5, 9,
24, 31). The telithromycin MICs for S. pneumoniae mutants
selected in vitro as a result of exposure to telithromycin were
found to be high (up to 8 �g/ml) (5). Given the persistently
increasing selective pressure for macrolide resistance by the
use of macrolides in the community in Taiwan as well as the
high proportion of macrolide-resistant isolates with the MLSB

phenotype (18, 22), the need for cautious and judicious use of
these agents for the treatment of pneumococcal diseases is
warranted in the future. Further studies should be conducted
to characterize these isolates regarding their mechanisms of
resistance to telithromycin and possibly their clonalities.

The prevalence of fluoroquinolone resistance among S.
pneumoniae isolates in Taiwan is relatively low compared to
that among such isolates in Hong Kong and is similar to that
among such isolates in the United States (3, 12–14, 27, 29, 36).
In Hong Kong, a fluoroquinolone-resistant serotype 23F clone
which is either identical or closely related to the Spanish 23F
clone is already widespread (14). In contrast, the data pre-
sented here suggest that the ciprofloxacin-resistant isolates
were genetically diverse, and clonal dissemination of these
resistant isolates was not found.

In summary, Taiwan has become an epicenter for pneumo-
cocci resistant to macrolides, penicillin, and other �-lactam
antibiotics. Restriction of outpatient antibiotic use through
government regulations would be expected to contribute to the
alleviation of the growing rates of preexisting resistance. How-
ever, some resistant domestic pneumococcal clones have fur-
ther developed resistance to fluoroquinolones, and increasing
numbers of isolates exhibiting high-level resistance to macro-
lides appear to be resistant to telithromycin, a drug that has not
been used clinically in Taiwan. Thus, the implementation of
appropriate measures and intervention strategies to reduce the
inappropriate use of antibiotics appears to be warranted.
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