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The Bacterial Colonization of Burn Wound and the
Changes of Antibiotic Susceptibility in Childhood Burn
(January, 1999 “December, 2002)

Jin-Man Kim, M.D., So-Yeon Lee, M.D., Young-Ho Kim, M.D.
Eon-Woo Shin, M.D., Phil-Soo Oh, M.D., Kwang-Nam Kim, M.D.
Kyu-Man Lee, M.D.* and Suk-Joon Oh, M.D."

Department of Pediatrics, Department of Laboratory Medicine”,
Department of Plastic Surgery T, College of Medicine, Hallym University, Seoul, Korea

Purpose : Children occupy a large proportion of burn victims. So we want to aid to pe-
diatric burn care through the understanding of the bacterial distribution in burn wounds and
antibiotic susceptibility against isolated microorganisms from burn wounds.

Methods : We analysed the medical records of 213 pediatric burn patients(0~ 15 years),
406 samples that grew bacteria in burn wound sites.

Results : Of the total 213 patients, male were 59.6% and female were 40.4%. Scalding
burn was the most common(78.4%), flame burn was the second(16.4%). Pathogens were iso-
lated in 406 samples. The most common was Pseudomonas aeruginosa(58.1%). Next were
Enterococcus species, Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus spe-
cies, Acinetobacter species. P. aeruginosa was resistant to trimethoprim-sulfamethoxazole in
100%, cephalothin in 98.1%, ampicillin-sulbactam in 96.2%, ampicillin in 95.3%, ceftriaxone
in 95.2%, tobramycin in 93.7%, cefoperazone in 68.9%, ceftazidime in 67.7%. Enterococcus
species were resistant to tetracycline in 63.9%, streptomycin in 45.5%, gentamicin in 36.1%,
penicillin G in 13.7%. S. aureus was resistant to gentamicin in 89.7%, tetracycline in 86.2%,
ciprofloxacin in 86.2%, penicillin G in 84.3%, oxacillin in 78.4%, erythromycin in 76.5%.
Acinetobacter species were resistant to ampicillin-sulbactam in 100%, gentamicin in 85.7%,
ampicillin in 83.3%, piperacillin in 61.5%.

Conclusion : P. aeruginosa was highly resistant to drugs like cefoperazone in 68.9%,
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ceftazidime 67.7%. S. aureus was highly resistant to penicillin G in 84.3%, oxacillin in 25.9

%, but none to vancomycin in 0%, teicoplanin in 22%. According to the study, Acineto-

bacter species turned out to be multi-resistant strains, so careful attention must be paid to

the choice of antibiotics.

Key Words : Burn wound, Bacterial colonization, Antibiotic susceptibility
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Table 1. Isolated Organisms of Wound Culture

Organisms Number(%)
Pseudomonas aeruginosa 236(58.1)
Enterococcus species 73(18.0)
Staphylococcus aureus 51(12.6)
Staphylococcus epidermidis 48(11.8)
Streptococcus species 19( 4.7)
Acinetobacter species 15( 3.7)
Escherichia coli 10( 2.5)
Enterobacter species 8( 2.0)
Others 12( 3.0

Mixed infection 64 sample
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% 2139 9] Al wiek A Folelld |k F
40671 F 647A(15.8%)NA F FF o3
F7} Bel=lqdc). Pseudomonas aeruginosav 23673
A|(58.1%)0l1 4 EelElo] 7 &3 Aol
Enterococcus species 73714)(18.0%), Staphylococcus
aureus 5173A|(12.6%), Staphylococcus epidermidisO
437 A(11.8%)0ll A Eel=|dc)k 2 22 Z Strep-
tococcus species, Acinetobacter species, Escherichia
coli 0| tH(Table 1).

P. aeruginosa®] 73-5- trimethoprim-sulfamethoxa-
zole 100%, cephalothin 98.1%, ampicillin-sulbactam
96.2%, ampicillin 95.3%, ceftriaxone 95.2%, tobra-
mycin 93.7%, cefoperazone 68.9%, ceftazidime 67.7
%2 WAS HYrKTable 2). Enterococcus species
+ tetracycline 63.9%, streptomycin 45.5%, genta-
micin 36.1%, penicillin G 13.7%2] WAS Xk
(Table 3). S. aureus= gentamicin 89.7%, tetracyc-
line 86.2%, ciprofloxacin 86.2%, penicillin G 84.3%,
oxacillin 78.4%, erythromycin 76.5%2] WAl X<l

Table 2. Antimicrobial Susceptibility of Pseudomonas aeruginosa

Antibiotics Susceptible(%) Intermediate(%) Resistant(%) Total(%)
Ampicillin 3( 4.7 0( 0.0 61( 95.3) 64(100.0)
Ampicillin-Sulbactam 2( 3.8) 0( 0.0 51( 96.2) 53(100.0)
Piperacillin 51(22.6) 0( 0.0 175( 77.4) 226(100.0)
Piperacillin-Tazobactam 113(48.3) 1( 0.4) 120( 51.3) 234(100.0)
Ticarcillin-Clavulanic acid 20(20.2) 0( 0.0 79( 79.8) 99(100.0)
Cephalothin 1( 1.9) 0( 0.0 52( 98.1) 53(100.0)
Ceftazidime 75(31.9) 1( 0.4) 159( 67.7) 235(100.0)
Ceftriaxone 1( 1.6) 2( 3.2) 60( 95.2) 63(100.0)
Cefoperazone 22(29.7) 1( 1.9 51( 68.9) 74(100.0)
Cefoperazone-Sulbactam 145(84.8) 0( 0.0 26( 15.2) 171(100.0)
Cefepime 152(64.9) 28(12.0) 54( 23.1) 234(100.0)
Gentamicin 32(18.2) 24(13.6) 120( 68.2) 176(100.0)
Amikacin 107(47.4) 15( 6.6) 104( 46.0) 226(100.0)
Isepamicin 76(44.7) 0( 0.0 94( 55.3) 170(100.0)
Tobramycin 4( 6.3) 0( 0.0 59( 93.7) 63(100.0)
Ciprofloxacin 167(71.1) 1( 0.4) 67( 28.5) 235(100.0)
Trimethoprim-Sulfamethoxazole 0( 0.0 0( 0.0) 63(100.0) 63(100.0)
Imipenem 174(73.7) 1( 0.4) 61( 25.9) 236(100.0)
Aztreonam 100(42.5) 6( 2.6) 129( 54.9) 235(100.0)
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Table 3. Antimicrobial Susceptibility of Enterococcus Species

Antibiotics Susceptible(%) Intermediate(%) Resistant(%) Total(%)
Penicillin G 63( 86.3) 0(0.0) 10(13.7) 73(100.0)
Ampicillin 70( 95.9) 0(0.0) 3( 4.1) 73(100.0)
Gentamicin 46( 63.9) 0(0.0) 26(36.1) 72(100.0)
Tetracycline 22( 36.1) 0(0.0) 39(63.9) 61(100.0)
Vancomycin 72( 98.6) 0(0.0) 1( 1.4) 73(100.0)
Teicoplanin 71(100.0) 0(0.0) 0( 0.0) 71(100.0)
Ciprofloxacin 68( 93.2) 0(0.0) 5( 6.8) 73(100.0)
Chloramphenicol 10(100.0) 0(0.0) 0( 0.0) 10(100.0)
Imipenem 9( 90.0) 0(0.0) 1(10.0) 10(100.0)
Nitrofurantoin 10( 90.9) 1(9.1) 0( 0.0) 11(100.0)
Streptomycin 6( 54.5) 0(0.0) 5(45.5) 11(100.0)
Table 4. Antimicrobial Susceptibility of Staphylococcus aureus

Antibiotics Susceptible(%) Intermediate(%) Resistant(%) Total(%)
Penicillin G 8( 15.7) 0(0.0) 43(84.3) 51(100.0)
Oxacillin 11( 21.6) 0(0.0) 40(78.4) 51(100.0)
Cefepime 12( 31.6) 0(0.0) 26(68.4) 38(100.0)
Gentamicin 3( 10.3) 0(0.0) 26(89.7) 29(100.0)
Erythromycin 9( 17.6) 3(5.9) 39(76.5) 51(100.0)
Tetracycline 4( 13.8) 0(0.0) 25(86.2) 29(100.0)
Vancomycin 50(100.0) 0(0.0) 0( 0.0) 50(100.0)
Teicoplanin 44( 97.8) 0(0.0) 1( 22) 45(100.0)
Clindamycin 24( 47.1) 0(0.0) 27(52.9) 51(100.0)
Ciprofloxacin 4( 13.8) 0(0.0) 25(86.2) 29(100.0)
Trimethoprim-Sulfamethoxazole 36( 70.6) 0(0.0) 15(294) 51(100.0)
Fusidic acid 26( 68.4) 0(0.0) 12(31.6) 38(100.0)
tH(Table 4). S. epidermidist oxacillin 81.2%, eryth- A Al Ao 2 e A Fioll WA o] 9l

romycin 79.2%, gentamicin 76.2%, penicillin G 70.8
%, fusidic acid 70.3%, tetracycline 61.9%2] WS
HAKTable 5). Streptococcus speciest erythromy-
cin 37.5%, penicillin G 18.7%,
ampicillin 13.3%, gentamicin 11.1%2] WS R

t}. Acinetobacter species= ampicillin-sulbactam 100

clindamycin 28.6%,

%, gentamicin 85.7%, ampicillin 83.3%, piperacillin
61.5%, aztreonam 53.3%2] WAl-& HIcH(Table 6).
E. colix= ampicillin 85.7%, cefotaxime 55.6%, cefta-
zidime 44.4%, aztreonam 40.0%<] WAlS Hgch
Enterobacter speciest= ampicillin 100%, ampicillin-
sulbactam 75.0%, tobramycin 50.0%2] A< X<
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Table 5. Antimicrobial Susceptibility of Staphylococcus epidermidis

Antibiotics Susceptible(%) Intermediate(%) Resistant(%) Total(%)
Penicillin G 14( 29.2) 0(0.0) 34(70.8) 48(100.0)
Oxacillin 9( 18.8) 0(0.0) 39(81.2) 48(100.0)
Cefepime 29( 78.4) 0(0.0) 8(21.6) 37(100.0)
Gentamicin 5( 23.8) 0(0.0) 16(76.2) 21(100.0)
Erythromycin 10( 20.8) 0(0.0) 38(79.2) 48(100.0)
Tetracycline 8( 38.1) 0(0.0) 13(61.9) 21(100.0)
Vancomycin 48(100.0) 0(0.0) 0( 0.0) 48(100.0)
Teicoplanin 43( 95.6) 0(0.0) 2( 4.4) 45(100.0)
Clindamycin 26( 54.2) 0(0.0) 22(45.8) 48(100.0)
Ciprofloxacin 14( 66.7) 0(0.0) 7(33.3) 21(100.0)
Trimethoprim-Sulfamethoxazole 19( 39.6) 0(0.0) 29(60.4) 48(100.0)
Fusidic acid 11( 29.7) 0(0.0) 26(70.3) 37(100.0)

Table 6. Antimicrobial Susceptibility of Acinetobacter Species

Antibiotics Susceptible( %) Intermediate( %) Resistant(%) Total(%)
Ampicillin 0( 0.0) 1(16.7) 5( 83.3) 6(100.0)
Ampicillin-Sulbactam 0( 0.0) 0( 0.0) 5(100.0) 5(100.0)
Piperacillin 5(38.5) 0( 0.0) 8( 61.5) 13(100.0)
Piperacillin-Tazobactam 7(46.7) 1( 6.6) 7( 46.7) 15(100.0)
Ceftazidime 8(53.3) 0( 0.0) 7( 46.7) 15(100.0)
Cefepime 9(60.0) 0( 0.0) 6( 40.0) 15(100.0)
Gentamicin 1(14.3) 0( 0.0) 6( 85.7) 7(100.0)
Amikacin 5(35.7) 3(21.4) 6( 429) 14(100.0)
Ciprofloxacin 8(53.3) 0( 0.0) 7( 46.7) 15(100.0)
Imipenem 8(53.3) 0( 0.0) 7( 46.7) 15(100.0)
Aztreonam 7(46.7) 0( 0.0) 8( 53.3) 15(100.0)

I x5, A X5, A AL Fol Be), AFE BT, Revathi 5V AFolAE 41%2
shtel ool Bhe g s)golop g Y. F B <l wlal S AnE B

A7) Xg2E FHeH, TE9 93}, =4 g 5 BXEE P aeruginosa7} 40671A4 = 236
A, 4o oW, gk 373 ol ek A7 I AXNS8.1%)NA Eelxle] 7 &3t Ad 773
ol A &% &4 vlo|eFE2HINT} BHAE t}. Agnihotri S'72] edLol|A] Pseudomonass= 59%,
9ol el olmE Aol 15% ol dHe]  Song 579 AFolA 553%, Revathi 5'Ve] AT
A% Aulnyl emg FAsw v|YAT FHE oA 36%, Atoyebi ='¥9] oIlol|A] 32.3%, Nasser
Addste] F1E ek 3 e A4S V= =00 Aol 21.6%2 UIF-EO] AFolA 7HaF

R4 1 W], Aze] Folst Wasje . 4 ATl B AT P aeruginosas]
H oodFollA F 2131 2] Slolol|A] Helxl 4067 73-%- trimethoprim-sulfamethoxazole 100%, cephalo-
A = 647,;zq]oﬂx1 = 28 o|4e| #27} Belwlgl  thin 98.1%, ampicillin-sulbactam 962%, ampicillin

=H, ol AA ZHAL] 158%cl I3t Agni- 95.3%, ceftriaxone 95.2%, tobramycin 93.7%, pipera-
hotri 579 QAo AE 13% 24 H]2d AIE cillin 774%, cefoperazone 68.9%, ceftazidime 67.7%
Hojor}, Ozmmba 57V ATFellA] 61%2 e o WAL Hol RS 3hFAlel] 15 WAL
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ek Agnihotri 57 1ol A] tobramycin 80.4%,
ceftazidime 63.7%, piperacillin 39.25%2] 374 W
Ae Hel Zle vlashd Aybder =2 WS
Hola it} Revathi S99 ATl Pseudomo-
nas®] A WAEo| ceftazidime 82.8%, cefopera-
zone 81.9%, amikacin 72.7%, tobramycin 71.8%,
piperacillin 59.9%, gentamicin 529%o°]ic)k E <
TFollA] Pseudomonas®] A& JFAZ dHHL
piperacillin(77.4%), cefoperazone(68.9%), ceftazidime
(677%) % =< WAES vellck 3 imi
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tam(15.2%) 52| °HAle S WHES Eilch
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Z31A ulek(18.0%)F FSrole). thH-E Enterococ-
cus faecium¥} Enterococcus faecalis©]3].2™, Re-
vathi 599 QAN E 9% 2 SHAE AAetA L,
Song 579 ATl 3% Helx § v
OE Qe el dEEE T} opsick
Enterococcus species®] WAIE-2 tetracycline 63.9%,
streptomycin 45.5%, gentamicin 36.1% SO 2 &
WS HQl Al Hgow, penicillin G 13.7
%, ampicillin 4.1%, imipenem 10.0% 5 Y2 WA
< Hyrh w3k & 738 £ 18)(1.4%)7to] VREo]
AL teicoplaninol] WA Hole 79+ Uk
w}2} A Enterococcus®] 73-%- penicillin®} ampicillin
o U WAE Molmz Y Tl whE %
gaAle) Agol ok BaxE ek

Al A2 wro] wjek®El F(12.6%)Q) S. aureus
© tE AFeAE &3] FHEEe dFolth Tay-
lor 5'¥9] edellA] 71%, Appelgren 52| o]
A 51%7} AESlo] AV 8 FEE A= 9)
ol B AZoll4] MRSAL: £ 51d] = 402)(78.4
%)oll Zct. Ozumba 5'79] Aol 4] 882%, Ato-
yebi S5'99] 3Lol|A] 85%, Revathi S'Y<] oditol]
A 84%9] S. aureus7} cloxacillino]] WAlS tlel}
T G MRSAS] =2 vl&2 Al X &8E oy
Al stz Ak

d] WA gho] wljokEl #55(11.8%)Q] S. epider-
midise 474 I)5 AT ZA uljokEl o] AlA]
2 e oA, oiH B AdFeE £
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o} Erol 7 34 w9 Wk AlFe AE B4
AEo wFstdenl, dd Al Al=gsk 3
Hel] uljek FAAol|A& coagulase-negative staphylo-
coccus7} 7}A Eslal oS0 7 S aureus o)L
v 7, 14, 21970 AJ38%F wiek ZAAbellX= P aeru-
ginosa7} Y=o F To| uljokE|dcl E ool A
A WAES erythromycin  79.2%, gentamicin
76.2%, penicillin G 70.8%, trimethoprim-sulfameth-
oxazole 64.0%% =9kow, methicillin resistant S.
epidermidist= 81.2%} =|o] MRSA$} B|=3F H|&
o]t} Cefepime?] WAES 21.6%E YL, van-
comycinel] WS HQ Uanert  teico-
planinel] WA S 2l 73571 28(4.4%) At

Streptococcus speciest= 1973 Aol A] vlj2k(4.7%)=]
A=, o] = 18747} «-hemolytic streptococcus
oArk el EAlel] S WAS Hol, eryih
romycin 37.5%, penicillin G 18.7%, ampicillin 13.3
%, gentamicin 11.1%2] Z+FAS YElH L, vanco-
mycin¥} teicoplaninel] WAS Bl A%t 3 #H=
Saick

o]l WAE E3lA Ee2|(3.7%)= Acinetobacter
speciest= &= 5ol AW 7A@t oAl A dFE
FAF =3 Qe #Folb. Helwl 15714 £ 8
AP ohg T3 ol wiekE AL, 19994l
8ZA7L vHekEl 3L 2001 d el 7AA|7E i FE S
Aol gt WA ELS ampicillin-sulbactam 100%,
gentamicin 85.7%, ampicillin 83.3%, piperacillin 61.5
%, aztreonam 53.3%©°]tl. 1999udol] wioksEl HF
of wlal 2001dell wHekd FF7F B =2 Al
WAES B3tk Sengupta 5779 edFollA 1139
o] A F 13H11.5%)] 3 H-9 ek Al
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o] 7Z+&sla 9o}, ofAE AF 7oz 9l
HLZ3} HF So] eZo] Aol spd 2 1ol
o] EL 9lvk AT UAFF] F7IE AMens

ARPA Rl Al A€ol Fedo] Tl Stk
£-3] Acinetobacter?] multi-drug resistant ¥+ Z|
= So] $419) ol F312HA] MRSA, VRE
5o 37l FAEn e Feliele] AgeA
ol qigel el AT 29 S skl
7 FFol| ki A WA FolF sHotstel 4

)
A A Qulez Zol 4 o] g £
$o] ®3A e,

HE B0 19999 1QDHE] 20029 129714 4d7F
dAistn o2 AAAEY 4 Aol A9
& w 154) ole} Bo} F, I B9 AF Wi A
A dHem vehd 2139, 4067AF e,
TAF Fapq 1HS Folol AAAT 2 3

1) & 213%9] go} F o} 127%H(59.6%), oJot
867 (40.4%)01ct. Yol 2= 1~5A7kA] 9] &
A7) A 132%(62.0%) 0.2 74 wekm 1Y ~1
Aol odolr] 457 (21.1%), 6~ 10419 &7 247
(11.3%) =o]%iet.

2) 3l EREC d" o] 167%H(784%) 2
2 7P s, g 3k el 353164
%), A3 A3 61(2.8%) ol

3) & 2139 40674 = 647A|(15.8%)0A]
Z5 oA #57t EelElgdck. P aeruginosaZ}
23673 A|(58.1%)N Al EEl=lo] 7hd E3F ATl
e}t Enterococcus species7} 73714)(18.0%), S. au-
reus7} 51734)(12.6%), S. epidermidis7} 487AA|(11.8
%)l A E2l=Ecl 1 v-5- 2.2 Streptococcus spe-
cies, Acinetobacter species, E. coli $0]jth.

4) P. aeruginosa®| 7% tAlel it WA &2
100%,
98.1%, ampicillin-sulbactam 96.2%, ampicillin 95.3%,

trimethoprim-sulfamethoxazole cephalothin
ceftriaxone 95.2%, tobramycin 93.7%, cefoperazone
68.9%, ceftazidime 67.7%°]it}

5) Enterococcus 63.9%,
streptomycin 45.5%, gentamicin 36.1%, penicillin G

13.7%2] A& Hic)

speciess= tetracycline



164  Zopzed A 124 A2 F 20054

6) S. aureusv= gentamicin 89.7%, tetracycline
86.2%, ciprofloxacin 86.2%, penicillin G 84.3%, ox-
acillin 78.4%, erythromycin 76.5%2] WAS H ok

7) S. epidermidis< oxacillin 81.2%, erythromycin
79.2%, gentamicin 76.2%, penicillin G 70.8%, fusi-
dic acid 70.3%, tetracycline 61.9%2] WAl X<
t}.

8) Acinetobacter species= ampicillin-sulbactam
100%, gentamicin 85.7%, ampicillin 83.3%, pipera-
cillin 61.5%, aztreonam 53.3%<] WAS Hoich

A E: P ageruginosa® AAA A F cefo-
perazone 68.9%, ceftazidime 67.7% 5 %2 WAl
X3, imipenem DA] 259%2] WS el
Az P. aeruginosacl] Tgk wiAlo| 7ul Foli} &
Fholl el A v w2 A7 2ed Aotk S au-
reus+ penicillin G 84.3%, oxacillin 78.4% 52| =
< WAE Hor}, vancomycin 0%, teicoplanin
22%%. o7 I WAES Xl Acinetobacter
speciest= | A% Z7ls}E multi-resistant drug
P& wolz glof B Al Aelell o} A%
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