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ABSTRACT

Purpose: We investigated the distribution and antimicrobial resistance of pneumococcal
isolates from hospitalized children at Asan Medical Center for recent 4 years, and aimed to
recommend proper choice of empirical antibiotics for pneumococcal infection.

Methods: From March 2014 to May 2018, children admitted to Asan Medical Center Childrens'
Hospital with pneumococcal infection were subjected for evaluation of minimal inhibitory
concentration (MIC) for f-lactams and macrolide antibiotics. Patient's age, underlying disease,
gender were retrospectively collected. Using Monte Carlo simulation model and MIC from our
study, we predicted the rate of treatment success with amoxicillin treatment.

Results: Sixty-three isolates were analyzed including 20.6% (n=13) of invasive isolates,

and 79.4% (n=50) of non-invasive isolates; median age were 3.3 years old, and 87.3% of the
pneumococcal infections occurred to children with underlying disease. Overall susceptibility rate
was 49.2%, 68.2%, and 74.6% for amoxicillin, parenteral penicillin, and cefotaxime respectively.
23.8% and 9.5% of the isolates showed high resistance for amoxicillin, and cefotaxime. Only
4.8% (n=3) were susceptible to erythromycin. Monte Carlo simulation model revealed the
likelihood of treatment success was 46.0% at the dosage of 90 mg/kg/day of amoxicillin.
Conclusions: Recent pneumococcal isolates from pediatric patients with underlying

disease revealed high resistance for amoxicillin and cefotaxime, and high resistance for
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erythromycin. Prudent choice of antibiotics based on the local data of resistance cannot be
emphasized enough, especially in high risk patients with underlying disease, and timely
vaccination should be implemented for prevention of the spread of resistant strains.

Keywords: Streptococcus pneumoniae; Amoxicillin; Antibiotics
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Penicillin G, cefotaxime, amoxicillin®] 37}A] B-lactam T YA L macrolide A2

erythromycin®|] TH$F MIC+= micro-scan PBC 28 panel®l| HE&5}9] broth S|4 743 AAF

Y& E 0]-83)| Microscan Autoscan (Beckman Coulter, Seoul, Korea)S 53l 7 &

A cLsI 7] &0 whet A F8 penicillin GO T3} MIC <2 pg/mLS! 3% ZH4A, M1

QA2 5% WA, MIC 28 ug/mLRl -9 W o= Aolstl i, o|st 5= WA
o

0|9= W/ #FE, cefotaxime®] ¢ =2 S AT 73 -9-0ll A MIC <1 pg/mL
44, MIC 4 pg/mL] 49 5% W3, MIC 24 pg/mLel 4% W22 Holaict.
Erythromycin®]] T} MIC <0.25 pg/mLe] 7% 2428 T, MIC 0.5 ug/mLS! 4% 55
/3, MIC 21 pg/mLR 73-¢- W 52 7 2| sh3ict.

3. Amoxicillindil gt Monte Carlo simulation

Fallon 50]9 A|AIgt 5 12,570, B AF 10.5 kg(HH, 814 kg)o] Aofe] o584
AEE 0]-85}+9] amoxicillin®] k58t 245 A|3Y 3 Monte Carlo simulations ©]-85F Th
(Fig.1). 23 7] B@ oA = &3+ EE 2] 25 & (probability of target attainment, %) L2} o]
2 Aol 23 oot 7 F - S5 75 22 7 MIC -2 A -8-510] amoxicillin
FoF 82fo 2 X5 §HE oS5} ZF #32] amoxicillin®l] Tt MIC ol Al free

off
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100 # e = =

80
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PTA (%)

40 -

m Amoxicillin 13.3 mg/kg q8h

20 4 4 Amoxicillin 30 mg/kg q8h
® Amoxicillin/clavulanic acid 45 mg/kg q12h
0 T T T T T T T . -
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MIC (ug/mL)

Fig. 1. PTA for amoxicillin based regimens achieving free drug concentrations above the MIC for 50% of the
administration interval (50% ft > MIC) at increasing MIC dilutions.™
Abbreviations: PTA, probability of target attainment; MIC, minimum inhibitory concentration.
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Z 6370 "2 74T amoxicillin, F 5 penlcllhn 1 cefotaxime2] 37FA] B-lactam T F A o]l
Sk Zh4/d B &2 27} 49.29%, 68.2% 2 74.6%°] Y Th(Table 2). Amoxicillin 2! cefotax1me°ﬂ
th3}o] MIC 28.0 pg/mL X 24.0 pyg/mLE 1= WS EO] = wll—?ih?_ 27}k 23.8% 2 9.5%
o] It} Erythromycin®] 79 4.8%(32l)2Ho] Zr/d 5 oH, S5 = WS Eol+= 28
(3.2%) 5 A gt Y 2] 92.19% (588 )= 2+ WA+ 9‘1‘1} 2t 66]_1\]-] AR A& TG
ol w2 A WA B BAK R folat Aol AT

w] M 2olof A Bal® 2= QoA ut b 4uleiol A o] S| 7+ MIC 7| F 0.2 BA
Al, cefotaxime 2] 7d-$- MIC <0.5 pg/mL 7| 52| ZHAd 52 HS-2 34.9% (228 A 1L, A5
penicillin®] 749 MIC <0.06 ug/mL 7152 7473 w5 H] &2 11.1%(78)°] i th.

Table 1. Demographic data and presence of underlying diseases of patients with S. pneumoniae infection

Characteristics Invasive isolates (n=13) Non-invasive isolates (n=50) Total (n=63)
Median age (yr) 3.41 (1.66-4.50) 3.33 (1.77-6.92) 3.33 (1.71-6.00)
Sex (male) 6 (46.1) 23 (46.0) 29 (36.5)
Presence of underlying disease 12% (92.3) 43" (8.0) 55 (87.3)
Source of isolates Blood (n=11) Expectorated sputum (n=21) -
Facial lymphangioma biopsy tissue (n=1) Endotracheal sputum (n=18)
Ascites (n=1) Bronchoalveolar lavage (n=9)

Ear discharge (n=1)
Maxillary sinus aspirate (n=1)

Values are presented as median (interquartile range) or number (%).

*Chronic kidney disease (n=3), hemato-oncologic disease (n=3), congenital heart disease (n=2), chronic gastrointestinal disease (n=1), chronic liver disease
(n=1), chronic neurologic disease (n=1), and lymphangioma of cheek (n=1); TChronic respiratory problems (n=14) including laryngomalacia, tracheomalacia,
congenital cystic adenomatoid malformation, and bronchiolitis obliterans, congenital heart disease (n=14), chronic neurologic disease (n=6), hemato-oncologic
disease (n=2), congenital anomaly (n=2, imperforate anus, esophageal atresia), primary immune deficiency (n=2; chronic granulomatous disease, and common
variable disease), metabolic disease (n=1), Patau syndrome (n=1), and craniofacial cleft (n=T1).
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Table 2. Distribution of MIC of B-lactams and macrolide antibiotics among S. pneumoniae isolates

Antibiotics MIC (pg/mL) No. (% of susceptible isolates)
Invasive isolates (n=13) Non-invasive isolates (n=50) Total (n=63)
B-lactams (non-meningitis)
Amoxicillin <9 8 (61.5) 23 (46.0) 31(49.9)
4 2 (15.4) 15 (30.0) 17 (26.9)
>8 3(23.0) 12 (24.0) 15 (23.8)
Penicillin <9 8 (61.5) 35 (70.0) 43 (68.2)
4 4 (30.8) 12 (24.0) 16 (25.3)
>8 1(7.7) 3(6.0) 4 (6.3)
Cefotaxime <1 10 (76.9) 37 (74.0) 47 (74.6)
2 2 (15.4) 8 (16.0) 10 (15.9)
>4 1(7.7) 5 (10.0) 6(9.5)
Macrolide
Erythromycin <0.25 1(7.7) 2 (4.0) 3(4.8)
0.5 0 (0.0) 2 (4.0) 2(3.9)
>1 12 (92.3) 46 (92.0) 58 (92.0)

Abbreviations: MIC, minimum inhibitory concentration.

3. o FshS nEfst MICO|| E XA SHiH| Fof 83

9F10 kg] A0F= thAF S 2 St Monte Carlo simulation®l] 2] 5FH 74 & amoxicilling 40 mg/
kg/day % 90 mg/kg/dayS] &F 2= Fof Al FHX|of| =D 2H50] 90% °]F 2= 7|t ==
At YA 8 ¥ o] 7Hs3t amoxicillin MICS] 7g8F 242 242 1.0 pg/mL & 2.0 pg/mLo| T}
(Fig.1). Amoxicillin 40 mg/kg/day2] &2 & A| amoxicillin MIC 2.0 pg/mL%] B+ 2L 5
28 Al FEA| o 22T FE-2 52%0]H, MIC 24.0 pg/mLe! 74-¢ FHX] = FE-2 5%
njgtolct, whaba] 2 tol] AEHE v EA] o7 50 T 5 54.0%(275F) = amoxicillin
MIC 24.0 pg/mLZA] amoxicillin 40 mg/kg/day2] S-S Fof A A FAYA| 20| 7}s&
50| 5% H|Tho 2 Sofrt

, amoxicillin®] t§F MIC <2.0 pg/mLS!
t}. Amoxicillin®] Tt MIC 4.0 pg/mL?_]
7d9-= amoxicillin 90 mg/kg/day AF-&A]
23 £ k5 Aol of eswel A 4 A H YA A 2ol Golol miks 2atgic,

[OF]

(@]

2

T
=
il
>
oX,
i)
-4
£l
=N
N
=2
1o
o
oY
o2
o|N
1o

kS

= oM T 49zt Aoty ofdolg ol Ml siFe R SxlE w7
7+ = glotol| A B2 g H| L7 F-3ol that FAYA| A FAHS B A5HY 2 ™ amoxicillin
2 cefotaxime©ll THSE 2% WAJE©] F 24% 2 10%=A] 7|& W A=) H&l| &2 A&
Q15+ TH(Table 3).12199
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Table 3. Comparison of antibiotic resistance of S. pneumoniae isolated in Korea”

Characteristics Cho etal.®) Choetal.? Torumkuney et al.?) Kim et al.*?
Study period 2009-2010 2006-2010 2012-2014 2008-2014
Study population Children under age 18 Children under age 18 Pediatric & adult patients Children under age 5 Adult patients
(n=177) (n=123) (n=175) (n=16) (n=362)
Study setting 1tertiary center; 8 university hospitals; 8 university hospitals; Seoul, 1tertiary center;
Seoul Seoul, Ansan, Incheon, Incheon, Ilsan, Uijeongbu; Busan
and Jeonju India, Thailand, and Singapore
Specimens Nasopharyngeal aspirates Normally sterile body fluid Respiratory specimens Any
Amoxicillin MIC (pg/mL)
< NA NA 69 (81.2) 7 (43.7) 9273 (75.0)
4 NA NA 14 (16.5) 3(18.7) 30 (8.2)
>4 NA NA 2(2.3) 6 (37.5) 61(16.8)
Cefotaxime MIC (pg/mL)
<1 127 (84.1) 94 (76.4) 73 (85.9) 7 (46.6) 277 (86.6)
2 923 (15.2) 95 (22.8) 5 (5.9) 6 (40.0) 30 (9.4)
>9 1(0.7) 1(0.8) 7(8.2) 2 (13.3) 13 (4.1)

*Studies showing domestic data of S. pneumoniae isolated in Korea.
Abbreviations: MIC, minimum inhibitory concentration; NA, not applicable.
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S 2} 709 ) o) 27|28 YA 44 Aol T2 AFE SA Helo] F A,

200920101 4 2006-2010\d =1 Aofol| 9] -t Zh4=/dol] gt Aol A cefotaxime
MIC 24.0 pg/mLR! A= W/ B]&-0] 242} 19 m| ko]l ot 2 A Fol| A= 2 10%2A] &2
£ E B2 Cefotaxime MIC 24.0 pg/mLe] 1= WA 50l Qs A& A4S
HAYA] A F-8 cefotaxime T x| 2ol A g 7}5A o] E=0}A] vancomycin}2] B3t Q # o]
Z oot B AFolA HpurdolA 9] vHZbeAd 7]EQ] cefotaxime MIC >1.0 pg/mL%!
371 413 (65%) 2], & AT 7]7F ZQF w| Latof| o)t ] 4ute] o] HhgElA] = okgkx]ut
‘P‘]:TL;FO“ oSt Hputed X 7o] 27] FHA] Q22X 3M|H cephalosporine®] T
HE = vancomycinThe] WeE @Wo] e 4 It} B A3Lo)A] vancomycin W4Ad
FZ== 99}
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Sk EH Y oA, 6B, 9V, 14, 19F 2 23F 5 WA SE] HAAA Sitol] ot Zo=
delA Qlrto® Aofol A HEA HTd S dore FH HFS A AAHR
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