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Abstract A nationwide susceptibility surveillance of Strep-
tococcus pneumoniae and Haemophilus influenzae isolates
collected from patients treated at the intensive care units
(ICUs) of ten Taiwanese major teaching hospitals was
conducted from September 2005 through November 2005.
High rates of resistance (intermediate/resistant) of S.
pneumoniae to penicillin (85% resistance), ceftriaxone
(46%/20%), and cefepime (43%/15%) by meningitis crite-
ria, and in contrast, non-susceptibilities (intermediate/
resistant) to penicillin (0%/0%), ceftriaxone (20%/0%) and
cefepime (15%/0%) by non-meningitis criteria were noted

(p values < 0.05) by the Clinical and Laboratory Standards
Institute 2008. Resistant rate of S. pneumoniae to azithro-
mycin was also high (63%). S. pneumoniae isolates were
significantly more susceptible to ertapenem (87%) than to
imipenem (39%) and meropenem (44%) (p values < 0.05).
Rates of non-susceptibilities of H. influenzae isolates to
ampicillin and cefaclor were high (55% and 45%, respec-
tively). No β-lactamase-negative ampicillin-resistant
(BLNAR) H. influenzae isolates were found. Imipenem
has a notably higher MIC90 value (8 μg/ml) for H.
influenzae than that of the other two carbapenems.
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Tigecycline showed good in vitro activities against these
two respiratory pathogens. High rates of resistance among
isolates of S. pneumoniae and H. influenzae continue to
exist in the ICUs of Taiwan.

Streptococcus pneumoniae and Haemophilus influenzae are
the two most frequently encountered, community-acquired
pathogens leading to lower respiratory tract infections [1].
Consequently, their resistances are of worldwide concern.
The Surveillance of Multicenter Antimicrobial Resistance
in Taiwan (SMART) was initiated in 2000. This nationwide
programme was designed to longitudinally monitor the
antimicrobial resistance of clinically important bacteria. A
SMART survey, conducted in 2000, revealed that 58% non-
susceptibility to penicillin and 33% non-susceptibility to
cefotaxime among S. pneumoniae strains evaluated were
documented according to the meningitis guidelines of the
National Committee for Clinical and Laboratory Standards
(NCCLS) in 2000 [2].

From September 2005 through November 2005, a total
of 85 non-duplicated clinical isolates, including 54 S.
pneumoniae and 31 H. influenzae isolates, recovered from
the ICU patients of ten major Taiwanese teaching hospitals,
were included. Each isolate was obtained from one
individual patient. Minimum inhibitory concentrations
(MICs) were determined by using the agar dilution method
[3], and interpreted by the guidelines recommended by the
Clinical and Laboratory Standards Institute (CLSI) 2008
[4]. A total of 23 antimicrobial agents were tested (Table 1).

Reference strains including S. pneumoniae ATCC 49619,
H. influenzae ATCC 49247, H. influenzae ATCC 49766,
and Escherichia coli ATCC 35218 were used as quality
control strains for each batch of MIC tests. The H.
influenzae isolates were tested for β-lactamase production
using the cefinase disk.

The majority of the isolates were cultured from the
respiratory tract (80% for S. pneumoniae and 97% for H.
influenzae, respectively). The results of antimicrobial
susceptibilities are shown in Table 1. For S. pneumoniae
isolates, CLSI 2008 meningitis interpretative criteria were
used (the susceptible and resistant MIC interpretative
breakpoints for penicillin were ≤0.06 and ≥0.12 μg/ml,
respectively, and the susceptible, intermediate, and
resistant MIC breakpoints, for ceftriaxone and cefepime
[4] were ≤0.5, 1, and ≥2 μg/ml, respectively). High rates
of non-susceptibility for penicillin (85%), ceftriaxone
(66%) and cefepime (57%) were demonstrated for ICU S.
pneumoniae isolates. However, using the non-meningitis
interpretative criteria (MIC interpretative breakpoints for
susceptible, intermediate and resistant, respectively, were ≤2,
4, and ≥ 8 μg/ml for penicillin and ≤1, 2, and ≥4 μg/ml for
ceftriaxone and cefepime [4]) in CLSI 2008, penicillin,
ceftriaxone and cefepime showed high rates of susceptibility
(100% to penicillin, 80% to ceftriaxone, and 85% to
cefepime) for S. pneumoniae.

H. influenzae strains exhibited a high rate (55%) of
resistance to ampicillin. All isolates intermediate or resistant
to ampicillin were positive for β-lactamase production,
indicating the absence of β-lactamase-negative ampicillin-
resistant (BLNAR) isolates. The susceptibilities of H.
influenzae isolates to cefaclor, cefuroxime, cefixime,
cefpodoxime, cefotaxime and amoxicillin-clavulanate were
55%, 90%, 100%, 100%, 100% and 100%, respectively.
Azithromycin (MIC90 value, 4 μg/ml) showed significantly
better in vitro activity against H. influenzae than clarithro-
mycin (MIC90 value, 32 μg/ml; p=0.0177 [statistical
method]).

Levofloxacin and moxifloxacin retained good activi-
ties against S. pneumoniae and H. influenzae isolates, but
two (6.5%) of the H. influenzae strains exhibited non-
susceptibilities to fluoroquinolones (MIC values of the
two isolates for ciprofloxacin/levofloxacin/moxifloxacin
were 8/4/8 and 4/4/4 μg/ml, respectively). Isolates of S.
pneumoniae and H. influenzae exhibited low MIC90

values (0.03 and 0.25 μg/ml, respectively) to tigecycline.
Ertapenem showed better activity than imipenem and
meropenem (susceptibilities of 87%, 39%, 44%, respec-
tively; p values < 0.05) against S. pneumoniae, and the
imipenem MIC90 level (8 μg/ml) for H. influenzae was
notably higher (64-fold) than that of the other two
carbapenems (MIC90 value, 0.12 μg/ml).
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Table 1 Antimicrobial susceptibilities of S. pneumoniae and H. influenzae isolates recovered from patients treated at the intensive care units of
ten major teaching hospitals in Taiwan in 2005

Antimicrobial agent MIC (μg/ml) No. (%) of isolatesa

Range MIC50 MIC90 S I R

S. pneumoniae (54)

Penicillin 0.03–2 1 2 8 (15) NAc 46 (85)b

54 (100) 0 (0) 0 (0)c

Ceftriaxone 0.03–2 1 2 18 (33) 25 (46) 11 (20)b

43 (80) 11 (20) 0 (0)c

Cefepime 0.03–2 1 2 23 (43) 23 (43) 8 (15)b

46 (85) 8 (15) 0 (0)c

Imipenem 0.03–1 0.25 0.5 21 (39) 32 (59) 1 (2)

Meropenem 0.03–2 0.5 0.5 24 (44) 27 (50) 3 (6)

Ertapenem 0.03–8 1 2 47 (87) 6 (11) 1 (2)

Azithromycin 0.03– >128 8 >128 18 (33) 2 (4) 34 (63)

Levofloxacin 0.06–16 1 2 52 (96) 0 (0) 2 (4)

Moxifloxacin 0.03–4 0.12 0.25 52 (96) 1 (2) 1 (2)

Vancomycin 0.03–0.5 0.25 0.5 54 (100) 0 (0) 0 (0)

Linezolid 0.06–1 0.5 1 54 (100) 0 (0) 0 (0)

Telithromycin 0.03–0.25 0.03 0.06 54 (100) 0 (0) 0 (0)

Tigecycline 0.03 0.03 0.03 NA NA NA

H. influenzae (31)

Ampicillin 0.25–128 2 64 14 (45) 2 (7) 15 (48)

Amoxicillin 0.25–128 4 64 NA NA NA

Amoxicillin-clavulanate 0.25–4 1 4 31 (100) NA 0 (0)

Cefaclor 4–64 8 64 17 (55) 6 (19) 8 (26)

Cefuroxime 0.5–8 1 4 28 (90) 3 (10) 0 (0)

Cefixime 0.03–0.5 0.06 0.12 31 (100) NA NA

Cefpodoxime 0.03–0.25 0.12 0.25 31 (100) NA NA

Cefotaxime 0.03 0.03 0.03 31 (100) NA NA

Imipenem 0.12–16 1 8 26 (84)d NA NA

Meropenem 0.03–0.5 0.06 0.12 31 (100) NA NA

Ertapenem 0.03–0.25 0.06 0.12 31 (100) NA NA

Azithromycin 1–4 2 4 31 (100) NA NA

Clarithromycin 1–128 16 32 10 (32) 16 (52) 5 (16)

Ciprofloxacin 0.03–8 0.03 0.25 29 (94)e NA NA

Levofloxacin 0.03–4 0.03 0.12 29 (94)e NA NA

Moxifloxacin 0.03–8 0.03 0.12 29 (94) NA NA

TMP-SMX 1–>128 16 128 11 (35) 6 (19) 14 (45)

Tigecycline 0.12–0.5 0.25 0.25 NA NA NA

MIC minimum inhibitory concentration, S susceptible, I intermediate, R resistant, NA not available, TMP-SMX trimethoprim-sulfamethoxazole
a Some interpretative MIC breakpoints of susceptibility categories were not available (NA) [4]
b For S. pneumoniae isolates, the rates of susceptibilities to penicillin, ceftriaxone, and cefepime were calculated as percentages by meningitis
criteria (the susceptible and resistant MIC interpretative breakpoints for penicillin were ≤0.06 and ≥0.12 μg/ml, respectively, and the susceptible,
intermediate, and resistant MIC breakpoints, for ceftriaxone and cefepime were ≤0.5, 1, and ≥2 μg/ml, respectively) [4]
c For S. pneumoniae isolates, the rates of susceptibilities to penicillin, ceftriaxone, and cefepime were calculated as percentages by non-meningitis
criteria (the MIC interpretative breakpoints for susceptible, intermediate and resistant were, respectively, ≤2, 4, and ≥ 8 μg/ml for penicillin and ≤1, 2,
and ≥4 μg/ml for ceftriaxone and cefepime) [4]
d Five isolates of H. influenzae were not susceptible to imipenem
e Two isolates of H. influenzae were not susceptible to ciprofloxacin, levofloxacin, or moxifloxacin
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Compared to the data of previous surveillances, signif-
icantly increasing prevalences of penicillin-resistant S.
pneumoniae (PRSP, evaluated by the meningitis criterion
of CLSI 2008) and the third-generation cephalosporins
(cefotaxime, ceftriaxone)-non-susceptible S. pneumoniae
(by using meningitis criteria; p=0.009 and 0.006, respec-
tively) between 2000 [2] and 2005 in Taiwanese ICUs were
noted. Also, a decline in the rate of BLNAR (evaluated by
chi-square test; p=0.100) for H. influenzae between 2003
[1] and 2005 (Table 2) was seen.

In this Taiwanese ICU surveillance, the markedly high
prevalence of penicillin resistance (meningitis criteria) for
ICU S. pneumoniae was noted. Because of the rapidly rising
prevalence of PRSP, which also have a high likelihood of
exhibiting co-resistance to non-β-lactam antimicrobials [5],
institution of a stricter control policy for the administration of
β-lactams in Taiwanese ICUs is mandatory. No BLNAR
isolate in this survey was found, which is different from that of
a previous Taiwanese study [1].

In this study, imipenem and meropenem showed poorer in
vitro activities against S. pneumoniae isolates than that of
ertapenem. Hilliard et al. demonstrated that S. pneumoniae
strains with intermediate susceptibility to imipenem and
meropenem were likely (>80% probability) to be susceptible
to ertapenem [6], and the susceptibilities of amoxicillin-
clavulanate and ceftriaxone to S. pneumoniae were well-

correlated with that of ertapenem [6], which were consistent
with our findings on the similarity between the susceptibility
of ceftriaxone (by non-meningitis criterion) and ertapenem to
pneumococci. Besides, our H. influenzae isolates had a
significantly lower imipenem susceptibility (84%) than that
of the other two carbapenems (p values < 0.05). Different
entry routes of imipenem from meropenem [7] and decreased
imipenem affinity to penicillin-binding protein in mutated H.
influenzae isolates [8] were the presumed mechanisms
resistant to imipenem. Notably, our H. influenzae isolates
displayed remarkable differences in their susceptibilities to
azithromycin and clarithromycin. However, the clinical
applicability of this MIC data suggestive of the superiority
of azithromycin to clarithromycin is controversial because
the synergistic effect of the 14-OH metabolite of clarithro-
mycin is not routinely tested in the MIC determination of
clarithromycin [9]. The tigecycline MIC90 value for our S.
pneumoniae is lower than that of a previous global study
[10], and similar to that of the same global survey for H.
influenzae [10].

In conclusion, high penicillin non-susceptibility and
marked differences concerning the susceptibilities of Taiwa-
nese ICU S. pneumoniae isolates for penicillin and cefotax-
ime/ceftriaxone through the evaluation by meningitis and
non-meningitis criteria were clearly documented. Imipenem
and meropenem showed high non-susceptibilities to pneu-
mococci. With regards to Taiwanese H. influenzae strains,
ampicillin, cefaclor, clarithromycin and trimethoprim-
sulfamethoxazole showed poor activities by in vitro suscep-
tibility data, and the susceptibility of imipenem was inferior
to that of the other carbapenems. Alarmingly, higher
β-lactam-non-susceptible rates (meningitis criteria) among
S. pneumoniae isolates and the persistently high prevalence
of ampicillin- non-susceptible H. influenzae isolates in
comparison with prior Taiwanese data were noted. Tigecy-
cline and respiratory fluoroquinolones are promising agents
with potent activity against both S. pneumoniae and H.
influenzae isolates. However, prudent use of these agents to
prevent the potential emergence of resistance is warranted.
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