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Clinical characteristics and risk factors for staphylococcal
infections in neonatal intensive care unit

Min Kook Chung, M.D., Jeong Ho Choi, M.D., Jin Keun Chang, M.D.,
Sung Hoon Chung, M.D.", Chong Woo Bae, M.D." and Sung Ho Cha, M.D."

Department of Pediatrics, Hanil General Hospital
Department of Pediatrics’, College of Medicine, Kyunghee University, Seoul, Korea

Purpose : The importance of staphylococcal infections in NICU has been emphasized in terms of
increased resistant strains and increased incidence of morbidity and mortality. In this study, we in-
restignted the clinical characteristics and risk factors for staphylococcal infections, and looked into
sensitivity trends of antibiotics in the era of a high rate of methicillin-resistant staphylococcus aureus
(MRSA) in our society.

Methods : This study included 240 neonates with positive blood, urine and other sites cultures for
staphylococci who were admitted to NICU of Hanil General Hospital and Kyunghee University Hos-
pital from January 2000 to December 2004. The analyses included clinical characteristics of staphylo-
coccal infections and the relationship of incidence rate among various factors, including invasive pro-
cedures.

Results : For 5 years, 3,593 patients were hospitalized in the NICU and 7481 specimens were
cultured from blood, urine, and other sites. During the study period, staphylococci were isolated from
240 patients, of whom 88 patients had MRSA, 41 patients methcillin sensitive staphylococcus aureus
(MSSA), 63 patients S. epidermidis, 48 patients coagulase—negative staphylococcus (CNS) except S.
epidermidis infections. The risk factors associated with staphylococcal infections were less than 37
weeks of gestational age, less than 7 on a 5 minutes Apgar score, receiving TPN, applied mechanical
ventilation, use of central venous catheters and other tubes. The sensitivity to vancomycin was 100
percent. A relatively high sensitivity against teicoplanin, trimethoprim-sulfamethoxazole, chloram-
phenicol, clindamycin and low sensitivity against gentamicin and erythromycin were shown.
Conclusion : To reduce staphylococcal infections in NICU, we need to monitor and manage pre-
mature neonates from the beginning of the birth process and to avoid as many invasive procedures
as possible in NICU. Considering MRSA, control of preceding factors and early use of appropriate
antibiotics is expected to reduce the morbidity and mortality caused by MRSA infections. (Korean J
Pediatr 2006;49:1287-1295)
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Foll w2} methicillin resistant staphylococcus aureus(MRSA),
methcillin  sensitive staphylococcus aureus(MSSA), S.epi-
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St @Al 2% methicillin, cephalothin, cefotaxime, van-
comycin, gentamicin, erythromycin, teicoplanin, trimethoprim-

sulfamethoxazole, chloramphenicol, clindamycine AH&3}$3th.

g A
Avtel FAA wlaeE SPSS 13.0& AMEste] 7h
"l o] BlWo= Chi-square testS *]335}03"7 Hyte] HlaLe
£ T-test?} ANOVAE Alddstdem Pzt 0.05 #Ivhs FA3
Hoz o3 Aoz Azedr) zZF ¥R —‘H"?JE—E 5] 24
°oF WAME AHAsHATE dAAel g gL VITEK

(bioMerieux)& ©|83 Broth dilution method(}A] wj=] 3]4]
H)©o 2 MIC(minimal inhibitory concentration)& <ol w
He olgste] AldstaL, H=e]
Clinical Laboratory Standard®l] ™&} sensitive, intermediate,

resistant® ¢ & A3

National Committee for
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1. MN EZ

X A Ae ™ol 37F vkl F$-rt 3041(12.5%) A3
MSSA A 7hg WE7F 290w (195%), B AlE] A2
3854125 FHh Hit A AT 3137217013 g ¥ S
epidermidis ¢] CNSTOIA WA wEokrh(2913.71952.8 g)
(P<0.05). d9IAle] H 8L 59463 Lotk Ty vie
S. epidermidis 2] CNSTS AQlsta YA Fo|A ol
H|&o] ofolr} @oltom AARE 141:992 Holoa] ofofr
b 158 o Weol AT 1E 2 58 ofZyt HFe
epidermidis €] CNSwrollA 7311587 87+112FHo= 9n]

A Srkom(P<0.05) AA Hit 80+13Zh+ 9.3+1.0% o]
Atk 9 A= S epidermidis ©1 CNSolA 16.7£16.8
A= ou YA HALoH(P<0.05) Hit ?J—ﬂ A= 13.3+158
9 o]QtH(Table 1). 9% ¥ = Add ko Yol z+ +
BT 2001959} 5o B WEE Yeylon durz Zr)
FAE Hola A AU THFig. 1, 2).

2. 79| 22| 9|

Zt FEE e 2 H-9lE= MRSA, MSSA, S.epidermidis
2] CNSE viEdlA 386%, 365%, 33.3%% 7Fd wWol Hg
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Table 1. Dermographic Characteristics of Staphylococcal Infections

MRSA MSSA S.epidermidis CNS except S.epidermidis Total P value
(N=88) (N=41) (N=63) (N=48) (N=240)
Gestational ages(day) 385+26 387+16 387+2.1 376+35 385+25 0.15
Birth weight(g) 3146617116 3261914031  3,213.4%580.8 2,913.7£952.8 3,137.2+701.3  0.04
Age on admission(day) 53%+5.8 59+5.1 83182 3.8+43 59%6.3 0.25
Sex(M:F) 59:29 24:17 37:26 23:25 141:99 0.18
1 min apgar score 81FX1.2 82*1.1 83*1.1 73%15 80%t1.3 0.03
5 min apgar score 9.3£0.9 95%0.7 9.6+£0.8 87%t1.2 9.3%£1.0 0.03
Days of hospitalization 135+155 9.6t5.6 12.9+19.1 16.7£16.8 13.3+15.8 0.01

Abbreviation : MRSA, methicillin resistent staphylococcus aureus;

coagulase negative staphylococcus
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Fig. 1. Temporal distribution of 240 patients with staphy-
lococcal infection from 2000 to 2004. 2001 was the most
frequent year in staphylococcal infection but the frequency was
not increased year after year.
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Fig. 2. Seasonal distribution of 240 patients with staphy-
lococcal infection from 2000 to 2004. In MRSA, MSSA and S
epidermidis, CNS except S. epidermidis, summer was the most
frequent season of four seasons.

MSSA, methicillin susceptile staphylococcus aureus; CNS,
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Fig. 3. Culture Site Distribution of 240 patients with
staphylococcal infection from 2000 to 2004. In MRSA,

umbilicus was most fregent site. In MSSA and S. epidermidis,
blood was most frequent site. In CNS except S. epidermidis,
eye was most frequent site.

o, Sepidermidis® 745 BHolA 888%= 7} ol

215 A h(Fig. 3).
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Table 2. Preceding Factor of Staphycoccal Infections
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Preceding factor MRSA(%) MSSA(%) S.epidermidis(%) CNS except S.epidermidis Total(%)
(N=88) (N=41) (N=63) (N=48) (N=240)
No 60(68.2) 33(80.5) 50(79.4) 38(79.2) 181(75.4)
Premature infant 16(18.2) 3(7.3) 2( 3.2) 8(16.7) 31(12.9)
Previous admission 2(2.3) 2( 49) 1( 1.6) 0( 0.0) 5( 2.1)
PROM 2( 2.3) 1( 2.4) 6( 9.5 0( 0.0) 3( 3.3)
Gestational DM 0( 0.0) 0( 0.0) 1( 1.6) 0( 0.0) 1( 04)
Meconium aspiration 3( 34) 0( 0.0) 2( 3.2) 1( 2.1) 6( 2.5
LBWI 4( 4.5) 2(4.9) 1( 1.6) 1 2.1) 7(2.9)
Gestational hypertention 1( 1.1) 0( 0.0) 0( 0.0) 0( 0.0) 1( 0.4)

Abbreviations : MRSA, methicillin resistent staphylococcus aureus; MSSA, methicillin susceptile staphylococcus aureus; CNS,
coagulase negative staphylococcus; PROM, premature rupture of membrane; DM, diabetes mellitus; LBWI, low birth weight infant

Table 3. Clinical Diagnosis of Staphycoccal Infections

Clinical diagnosis MRSA(%) MSSA(%) S.epidermidis(%) CNS except S.epidermidis Total(%)
(N=88) (N=41) (N=63) (N=48) (N=240)
Omphalitis 31(35.2) 14(34.1) 14(22.2) 11(22.9) 70(29.1)
Sepsis 19(21.5) 3(19.5) 24(38.0) 15(31.2) 66(27.5)
Skin & soft tissue infection 13(14.7) 11(26.8) 15(23.8) 3(16.6) 47(19.5)
Urinary tract infection 9(10.2) 5(12.1) 4( 6.3) 6(12.5) 24(10.0)
Conjunctivitis 6( 6.8) 2( 4.8) 3(4.7) 4( 8.3) 15( 6.2)
Pneumonia 6( 6.8) 1( 24) 2( 3.1 3( 6.2) 12( 5.0)
Abscess 2( 2.2) 0( 0.0) 1( 1.5) 1( 2.0) 4( 1.6)
Osteomyelitis 1(1.1) 0( 0.0 0( 0.0) 0( 0.0) 1 04)
Mmeningitis 1(1.1) 0( 0.0) 0( 0.0) 0( 0.00 1 04)
Table 4. Clinical Signs of Staphycoccal Infections
Clinical sign MRSA(%) MSSA(%) S.epidermidis(%) CNS except S.epidermidis Total(%)
(N=88) (N=41) (N=63) (N=48) (N=240)
Fever 29(32.9) 13(31.7) 19(30.1) 9(18.7) 70(29.1)
Poor feeding 16(18.1) 8(19.5) 8(12.6) 16(33.3) 48(20.4)
Cyanosis 15(17.0) 2( 4.8) 6( 9.5) 12(25.0) 35(14.5)
Diarrhea 10(11.3) 4( 9.7) 8(12.6) 2( 4.1) 24(10.0)
Dyspnea 7(7.9) 2( 4.8) 9(14.2) 4( 8.3) 22( 9.1)
Apnea 5( 5.6) 4( 9.7 5(7.9) 1( 2.0) 15( 6.2)
Vomiting 2( 2.2) 4( 9.7 2( 3.1) 1( 2.0) 9( 3.7)
Skin infection 2( 2.2) 1( 2.4) 2( 3.1) 0( 0.0) 5( 2.0)
Tachypnea 1( 1.1) 2( 4.8) 2( 3.1) 3( 6.2) 8( 3.3)
Seizure 1( 1.1) 1( 2.4) 2( 3.1) 0( 0.0) 4( 1.6)

Abbreviations : MRSA, methicillin resistent staphylococcus aureus; MSSA, methicillin susceptile staphylococcus aureus; CNS,
coagulase negative staphylococcus; PROM, premature rupture of membrane; DM, diabetes mellitus; LBWI, low birth weight infant

ko S.epidermidis, S.epidermidis ¢l CNS¢ 7% =&
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8% 495%17.6%, MSSA® 7% 479116.8%, S.epidermidis®

46.0+16.7%, S.epidermidis 9JCNS®] 7% 51.0+21.3%=
Zh ke folgk zpol= fIATHP>0.05). C-reactive protein
MRSA®] 79 0.86%£2.33 mg/L, MSSAS| 7% 045044 mg/
L, Sepidermidis®l 7% 049+t052 mg/L, S.epidermidis <
CNS®] 49 0.3270.08 mg/LE MRSACIA 71 =9kont 7 o
7rell C-reactive proteine 9% ztel7b fIATHP>0.05). C-
reactive protein® ¥AES MRSA2 7% 15.9%, MSSA2 7
$ 17%, S.epidermidis® 73-% 23.8%, S.epidermidis ¢ CNS<]
A 62%% Sepidermidisol X 7V Bko} 7 kel frojgh
ztel= IATHP>0.05)(Table 5).
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Table 5. Laboratory Finding in Staphycoccal Infections

Korean ] Pediatr : Al 49 ¥ Al 12 & 2006

S, AW e ANESRRe g A9, AFEE) AR
B @ 4%, H2 ARAE ASE A%, 0P FEoEE 77

2405 diEl GAA 7 S AAgE A
oA vancomycin®l 100% ZAS

trimethoprim-sulfamethoxazole, chloramphenicol, clindamycin®]

XA teicoplanin,

2 S BATh 9ul o] A9 methicillindl Wdk AaHg
o] A9 41/68(60.2%)°13 U9l A A$- 100/172(58.1%) =

Aol digk fejgt =)z gIATHP>0.05)(Table

MRSA MSSA

S.epidermidis

CNS except S.epidermidis Total

(N=88) (N=-41) (N=63) (N-48) (N=240) D value
WBC(/mm?) 11,559.5+3846.8 11,0275%t5,041.3 11,012.2%+4,202.3 13,640.2+7,160.8 11,741.1+5,026.8 0.03
Neutrophil(%) 49.5*17.6 479*16.8 46.0*16.7 51.0*£21.3 48.6+18.0 0.15
Lymphocyte(%) 355*16.3 36.6+115.9 388*16.8 355*19.6 36.5*t17.0 0.25
CRP(mg/L) 0.86+2.33 0.45+0.44 0.49*0.52 0.32£0.08 0.58*1.44 0.09
CRP positive(%) 14(15.9%) 7(17.0%) 15(23.8%) 3(6.2%) 39(16.2%) 0.12
Abbreviation : MRSA, methicillin resistent staphylococcus aureus; MSSA, methicillin susceptile staphylococcus aureus; CNS,
coagulase negative staphylococcus; CRP, positive: CRP>0.05
Table 6. Risk Factor of Staphycoccal Infections
< e N L CNS except Case- Non-case
M(Rl\iAgg/O) M(SNS:ZS/()) .Sigg)td(eNrTégl)ts S.epidermigis infant total(%) infant(%) (r)ft?s 95.0% CI
(N=48) (N=240) (N=240)
Sex(M:F) 59:29 24:17 37:26 23:25 141:99 170:70 0.22 0.02-0.63
Preceding factor 28(31.8%) 6(14.6%) 13(20.6%) 12(25.0%) 59(24.5%) 41(17.0%) 038 0.04-0.85
Nosocomial infection 26(29.5%)  13(31.7%) 14(22.2%) 15(31.2%) 68(28.3%) 53(22.0%) 0.29 0.30-0.43
Less than 37 weeks 12(13.6%) 3( 7.3%) 2( 3.1%) 9(18.7%) 26(10.8%) 11( 45%) 2.03 1.33-7.87
of gestational age
Less than 2,500 g of 12(13.6%) 5(12.1%) 5( 7.9%) 9(18.7%) 31(12.9%) 28(11.6%) 173 091-1.78
birth weight
Less than 7 of 5 minute 0( 0.0%) 0( 0.0%) 1( 1.5%) 3( 6.2%) 4( 1.6%) 0( 0.0%) 7.88 4.81-19.76
Apgar score
Receiving TPN 9(10.2%) 0( 0.0%) 2( 3.1%) 8(16.6%) 19( 7.9%) 4( 1.6%) 546 1.74-825
Use of central line 10(11.3%) 2( 4.8%) 2( 3.1%) 9(18.7%) 23( 9.5%) 4( 16%) 6.45 2.81-17.88
Ventilator care 9(10.2%) 1( 2.4%) 2( 3.1%) 8(16.6%) 20( 8.3%) 3(1.2%) 583 1.68-6.95
Use of H2 blocker 7( 7.9%) 2( 4.8%) 1( 1.5%) 8(16.6%) 18( 7.5%) 3(1.2%) 682 1.18-798
Use of NG or OG tube 19(21.5%) 4( 9.7%) 9(13.5%) 15(31.2%) 47(19.5%) 9( 3.7%) 157 0.68-5.53
More than 10 days 39(44.3%)  14(34.1%) 24(38.0%) 22(45.8%) 99(41.2%) 39(16.2%) 0.18 0.25-2.04

of hospitalization

Abbreviations : MRSA, methicillin resistent staphylococcus aureus; MSSA, methicillin susceptile staphylococcus aureus; CNS,
coagulase negative staphylococcus
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Table 7. Antibiotic susceptibilities of Staphycoccal Infections
. I MRSA MSSA S.epidermidis CNS except S.epidermidis Total

Antibiotic susceptibility (N=88) (N=41) (N=63) (N-48) (N=240)
Vancomycin 83(100) 41(100) 63( 100) 48(100) 240(100)
Teicoplanin 81(92.0) 41(100) 48(76.1) 48(100) 225(93.7)
Trimethoprim-sulfamethoxazole 84(95.4) 40(97.5) 45(71.4) 36(75.0) 205(85.4)
Chloramphenicol 73(82.9) 41(100) 48(76.1) 39(81.2) 201(83.7)
Clindamycin 73(82.9) 39(95.1) 58(92.0) 37(77.0) 207(86.2)
Cephalothin 51(57.9) 36(87.8) 51(80.9) 35(72.9) 173(72.0)
Erythromycin 42(47.7) 28(68.2) 21(33.3) 20(41.6) 111(46.2)
Gentamycin 30(34.0) 22(53.6) 13(20.6) 46(95.8) 111(46.2)
Cefotaxime 19(21.5) 36(87.8) 37(58.7) 10(20.8) 102(42.5)
Methicillin 0( 0.0) 41(100) 14(22.2) 44(91.6) 99(41.2)

Abbreviations : MRSA, methicillin resistent staphylococcus aureus; MSSA, methicillin  susceptile staphylococcus aureus; CNS,

coagulase negative staphylococcus
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ol Z7hdthn nastgn B AR /1A BFL A
FA AW ERe AT P EEAT 4 Ko 998
qlelgith. 71 9] ¥ AFelME 5% ofmrk 457k 74 vlEkel
A9, FANIFES ABT A, WA FO e P Fo
£ SR A9E TEGT Aol Fod d9aolr)
Eodyt gEgSel AMEE= FAAZE  methicilling  clin-
damycin, chloramphenicol, cephalosporin, aminoglycoside,

vancomycin 5°] &8, MRSA+ cephalosporin®l ts] A&
# WelX #AFdE Holtgtx: ARadrt gle 497 gon
2 AFE 7lgoF #*® MRSAS 4% Kim §°7¢] ®io]
9]3}H cephalothin®ll 91.2%, amikacin®ll 58.8%< #4<&
E}o] cephalosporin® aminoglycoside®]l #Ado]l =2 A
2 Bmsglon 19859 Jung 57& clindamycin 52%, chlo-
ramphenicol 33%, cephalothin 31%<2 #A<S 19 clinda-
mycin°lE= #4Aol =1 cephalosporindls #FEA0] s
wastdey, B Aol MRSAC 4% clindamycin 82%,
chloramphenicol 82%, erythromycin 47%, gentamicin 349,
cephalothin 57%, cefotaxime 21% 59 Z4+A4<S Hol Jung
57 Azsl 2ol clindamycindl & 740l
porindl= w2 #AFAES YeERIATE 1 9 teicoplanin® tr-
imethoprim-sulfamethoxazole®l = 92%, 5% = =2 TS
e e ]

famethoxazole, chloramphenicol, clindamycin®l| H]xL%]

o &

1L cephalos-

T A% teicoplanin, trimethoprim-sul-
w=o
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