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The antibacterial susceptibility to frequently prescribed antibiotics of Streptococcus
prneumoniae isolated from the pediatric patients with acute respiratory infectious dis-
eases was investigated in a study of three medical institutions in Korea. Total 143 clin-
ical isolates of S. pneumoniae were available for susceptibility tests between May 2003
and July 2007. Antimicrobial susceptibility data for S. pneumoniae were analyzed by
using agents of amoxicillin, cefaclor, cefuroxime, cefdinir, and cefditoren as the test
antibiotics.

The prevalence of each resistance class, penicillin-resistant S. pneumoniae (PRSP)
were high with the proportion of MIC range (susceptible=8.4%, intermediate
resistance=18.2%, resistance=73.4%). MIC,, and susceptible (S) rate of antimicrobial
agents to the strains tested were amoxicillin (MICy,=4 ug/ml, S=76.2%), cefaclor
(MICy,=128 ug/ml, S=8.4%), cefuroxime (MICy,=16 ug/ml, S=24.5%), cefdinir
(MICy,=16 ug/ml, S=21.8%), and cefditoren (MIC,,=0.5 ug/ml, S=90.2%) respec-
tively.

Against clinical isolates including PRSP, cefditoren demonstrated the strongest anti-
bacterial activity intrinsically among the antibiotics tested. Conclusively, the antimi-
crobial activity of cefditoren to S. pneumoniae strains isolated from pediatric patients
with acute respiratory infection is very high. In South Korea, where the antibiotic
resistance of S. pneumoniae is issued, cefditoren is expected to be used as a primary or
secondary antibiotic. Moreover, cefditoren may serve as a useful option for secondary
antibiotics after failure of amoxicillin treatment, which is most primarily used for
acute respiratory S. pneumoniae infection in children.
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S. pneumoniae is widely accepted as one of the most important and common pathogen for bacter-
ial respiratory infection and central nervous system infection. Since PRSP was reported in 1960s,
epidemic multidrug-resistant S. pneumoniae was reported in 1977", and recently multidrug-resist-
ance of PRSP is gradually increasing. Especially, the prevalence of PRSP is very high, more than
55%, in Far Eastern Asia including Hong Kong, Taiwan, South Korea and Japan with high mul-
tidrug-resistance®. Furthermore, severe infection caused by highly resistant bacteria has been clini-
cally issued, which requires very special care in choosing antibiotics.

The prevalence of PRSP in South Korea has abruptly increased since the year of 2000, and has
become the highest in the world, unfortunately®. Thus, epidemiological and antibiotic susceptibil-
ity-related researches of this bacterium have been widely and aggressively conducted. This bac-
terium is clinically characterized by more frequent infection in upper and lower respiratory tract and
central nervous system in children with 5 years or less of age?. As the antibiotic resistance rate is
generally higher in children than adults in the countries with higher prevalence of antibiotic resistant
S. pneumoniae®, basic epidemiological research should be accomplished to investigate the preva-
lence of this bacteria in nasal cavity and the penicillin resistance rate in young children. Experience-
based treatment is generally provided for outpatients or patients with acute respiratory infection
without complications. In this case, evidence-oriented antibiotic treatment is required based on the
repetitive researches of exact resistance patterns about region-specific causative pathogens for respi-
ratory infection®. Therefore, it is essential to perform region-specific overall antibacterial assess-
ment of S. pneumoniae, which is the most common and important pathogen for acute bacterial res-
piratory infections in young children. It is also important to investigate the antibacterial activities of
oral antibiotics frequently used for pneumococcal respiratory infections. These investigations may
lead to the appropriate use of right antibiotics for S. pneumoniae, and thus ultimately reduced antibi-
otic resistance.

The objective of this study was to evaluate the PRSP isolated from the patients with acute otitis
media, acute sinusitis and pneumonia in Korean children, and to evaluate the antibacterial activities
of frequently prescribed oral antibiotics which are available in Korea for the community acquired
pneumococcal infections. Five oral antibiotics for pediatric use in Korea were selected for the test;
amoxicillin, the most frequently prescribed aminopenicillin for children, cefaclor and cefuroxime,
the frequently prescribed agents of the first- and second-generation oral cephalosporins, and cefdinir
and cefditoren, the representative agents of the third-generation oral cephalosporins to evaluate the
antibacterial potentiality of the third-generation agents against the clinical isolates among antibiotics
tested.

Total 143 specimens of S. pneumoniae were isolated and analyzed from the patients with commu-
nity acquired respiratory infections including acute otitis media, acute sinusitis or pneumonia, who
visited Seoul St. Mary’s Hospital, Incheon St. Mary’s Hospital, and St. Vincent’s Hospital from May
2003 to July 2007.
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For acute otitis media patients, specimens were readily collected in the case of natural perforation,
or collected after paracentesis of ear drum, if indicated and applicable. For acute sinusitis patients,
specimens were collected and incubated by calcium alginate swabs (Fisher Scientific Co., Georgia,
USA) from the orifice of middle meatus, or paracentesis of sinuses. For pneumonia patients, S.
pneumoniae specimens were isolated from inpatients only, following blood or sputum culture. The
isolates were aliquoted into microplates in Mueller-Hinton broth (MHB, BBL, Cat. No. 431138,
USA) with 5% lysed horse blood, and stored at —70°C before use.

The minimal inhibitory concentration (MIC) was determined by broth dilution method in accor-
dance with the criteria of Clinical and Laboratory Standards Institute (CLSI). After determination of
MIC,, and MIC,,, the susceptibility range was established according to the standards for antimicro-
bial susceptibility testing of CLSI 2007”. There is no CLSI standard of antimicrobial susceptibility
or resistance for cefditoren, however, this agent was evaluated based on the standard of the Spanish
Drug Agency®.

As the results, the antimicrobial concentration of penicillin against S. pneumoniae ranged from
0.015 ug/ml to 16 ug/ml with 8.4% of susceptibility, 91.6% of resistance rate (intermediate
resistance: 18.2%, resistance: 73.4%), 4 ug/ml of MIC,, and 8 ug/ml of MIC,, (Table 1). Amoxi-
cillin showed 76.2% of the susceptibility of the study bacteria and 23.8% of resistance rate (interme-
diate resistance: 18.2%, resistance: 5.6%) with 1 ug/ml of MIC,, and 4 ug/ml of MIC,,, suggesting
substantially higher antibacterial potency than penicillin. However, the susceptibility of S. pneumo-
niae to cefaclor was 8.4% with 91.6% of resistance rate (intermediate resistance: 5.6%, high resist-
ance: 86.0%), which suggests very low antibacterial potency similar to that of penicillin. Further-
more, cefaclor showed significantly low intrinsic activities with 64 ug/ml of MICs, and 128 ug/ml of
MIC,,. Cefuroxime showed 24.5% of the susceptibility of the study bacteria and 75.5% of resistance
rate (intermediate resistance: 13.3%, resistance: 62.2%) with 4 pug/ml of MIC,, and 16 ug/ml of
MIC,,. Similarly, cefdinir displayed 21.8% of susceptibility and 78.2% of resistance rate (intermedi-
ate resistance: 1.3%, resistance 76.9%) with 4 ug/ml of MIC,; and 16 ug/ml of MIC,,. However,
cefditoren showed 90.2% of susceptibility and 9.8% of resistance rate (intermediate resistance:
8.4%, resistance: 1.4%) suggesting the highest susceptibility. Moreover, it also displayed the great-
est intrinsic activity with 0.5 pg/ml of MICy, and 0.5 pg/ml of MIC,, (Table 1).

In this study, we found that pneumococcal susceptibility to cefaclor, cefuroxime and cefdinir was
very high level of resistant proportion with 62~86%, while amoxicillin and cefditoren, in particular,
showed substantially low rate (5.6% and 1.4%, respectively) of resistant proportion.

In South Korea, LEe et al. reported the results of antibacterial activity assessment about
cephalosporins in 2005, where MIC range of cefditoren was 0.125~1 ug/ml with 0.5 ug/ml and
1 ug/ml of MIC,, and MIC,,, while MIC;; and MIC,, of cefdinir, cefprozil, and cefpodoxime were
4 ng/ml and 8 ug/ml, 8 ug/ml and 16 ug/ml, and 64 pg/ml and 128 ug/ml, respectively, which sug-

gests cefditoren is superior to any other cephalosporins®. In this study, we conducted cefditoren sus-



Feb. 2010

1

63

THE JAPANESE JOURNAL OF ANTIBIOTICS

14(14)

piepuels aajaidiaun Qi Aously Bnug ysiueds ay) ..,
piepuEls aaaidiaiul JIW 157D .«

=

L

50>

7< 7= < g< 7= (o) souelsisay
L z z t L-Z1L'0 { 1) aleipauuay|
GO= |= |= 7= 90 0> (5] aiqudassng

LUBIONRIED  JUIPRD  BWIXDINBD  J0[0EBD  UIIGKOWY  UIialusd

() spiepuels aajasdialunl o)

¥Lo¥8 Z06 | S0 S0 | L ZL &£ sz 8 S5 oz 4l UBIoNpE)
69/ E£1 81z | 9 ¥ Bl ¥ S 49 Z 6 ¥ 5 5§ Z 9 AUIpyED
ZzZ9 EEL S¥Z | 9 ¥ lE S £ 6 E Z oL 4 L 0L T BLUIKDINIEY
098 95 8 7L v3 |ZL 4 E 9 ¥ 8 S5 8B £ £ 9 injaejag
95 78l 79| ¥ l | 4 9 62 9 ZL 0L 4 E zZl uIaBoLy
¥EL 7L ¥E 8 4 § ¥E SE IE 6 0O 5 Z E ¥ 5 uiiaIiad
o IS [06DMOSOIMN| 957 871 #9 Z€ 9L 8  F  Z L S0 SZ0 Z10 9070 £0°0 SLOTO | S[eljessnunuy
(%) gt D

"UQIP[IYO WO1J avtuowmnaud *§ PoYe[ost [edIUId ¢ ] Jo Ajiqndoosng  *[ 9[qe],



Feb. 2010 THE JAPANESE JOURNAL OF ANTIBIOTICS 63—1 15(15)

ceptibility assay against S. pneumoniae isolated from 143 pediatric patients with acute respiratory
infection. The result showed that MIC,, and MIC,, were almost similar with that of LEE ef al. in
2005. Subculture study also showed that cefditoren is associated with lower occurrence of mutant
strains with intrinsic resistance'?. Persistence of the present antimicrobial activities of cefditoren is
expected from this study forward.

Recently, it was also reported that cefditoren shows antibacterial activities even to penicillin-or
ampicillin-resistant strains, and it exerts the highest antimicrobial activity to S. pneumoniae'"'?.
However, there is no established consensus about the standard for susceptibility of cefditoren. Fuchs
et al. suggested less than 0.25 pg/ml of MIC for susceptibility standard of cefditoren to S. pneumo-
niae, 0.5~1 ug/ml of MIC for intermediate resistance, and more than 2 ug/ml of MIC for high re-
sistance'®, while JonEs et al. suggested 0.5~1 ug/ml of MIC for susceptibility standard'®. In addi-
tion, Japanese Chemotherapy Committee applied 1 ug/ml of MIC for susceptibility standard of
cefditoren to S. pneumoniae'”, and the Spanish Drug Agency determined less than 0.5 ug/ml of
MIC as susceptibility standard, 1 ug/ml of MIC as intermediate resistance, and more than 2 pg/ml
as high resistance®. This study was conducted based on the standard provided by the Spanish Drug
Agency®. As this issue limits the potential significance of this study about the comparison
of susceptibility and antimicrobial activity, re-evaluation might be required based on the established
standard in future. And, treatment effects need to be continuously further investigated in clinical
practice.

In conclusion, we investigated in vitro susceptibility of S. pneumoniae strains isolated from pedi-
atric acute respiratory infection patients and found that the antimicrobacterial activity of cefditoren
to S. pneumoniae is so high. In South Korea, where the antibiotic resistance of S. pneumoniae is
issued, cefditoren is expected to be used as a primary or secondary antibiotic. Furthermore, cefdi-
toren may serve as a useful option for secondary antibiotics after failure of amoxicillin treatment,

which is most primarily used for acute respiratory S. pneumoniae infection in Korean children.
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P < MIC L ¥ P13 (susceptible=8.4%, intermediate resistance=18.2%, resistance=73.4%)
Tho7z, T ULTEZDOEKIZH T 5B D MIC,, fifi & susceptible (S) ¥ 1, amoxicillin
(MICyy=4 ug/ml, S=76.2%), cefaclor (MICy,=128 ug/ml, S=8.4%), cefuroxime (MIC,,=16 ug/ml,
S=24.5%), cefdinir (MICy,=16 pg/ml, S=21.8%), cefditoren (MICy,=0.5 pg/ml, S=90.2%) Tdb - 7=z,
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