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=Abstract=

Usefulness of Interleukin-6 and C-Reactive Protein
for Early Diagnosis of Neonatal Sepsis

Chun—=Soo0 Kim

Department of Pediatrics, Keimyung University School of Medicine

Objectives : Neonatal sepsis remains a major cause of mortality in newborn infants. This
study was undertaken to seach for parameters with interleukin—6 (IL—6) and C—reactive
protein (CRP) that could be helpful in the early diagnosis of neonatal sepsis.

Methods : Twenty one newborns with sepsis whose duration in the clinical symptoms was
less than 24 hours after onset of infection were compared with 20 neonates who were ruled
out infection as control. Serum IL—6 were sequentially checked using enzyme immunoassay
kit on day O and 2. Also, CRP were sequentially checked by nephelometry on day 0, 2 and
10.

Results : Between sepsis and control group, demographic characteristics such as
gestational age and birth weight were similar distribution. The common pathogens of sepsis
in 21 patients were S. aureus(29%) and others such as C. albicans, K. pneumoniae, S.
epidermidis, S. agalactiae etc. Level of IL—6 on day 0(150+158pg/mL) was significantly
higher than day 2(34 £27pg/mL) in the sepsis group (p<0.005). Also, level of IL—6 on both
day 0 and 2 in the sepsis group was significantly higher than the control group(p<0.001).
Level of CRP on day 2(4.2+3.6mg/dL) was significantly higher than day 0(1.4%1.6mg/dL) in
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the sepsis group(p<0.005). Also, level of CRP on both day 0 and 2 in the sepsis group was significantly

higher than the control group(p<0.005) and level on day 10 was significantly lower with clinical

improvement of sepsis than day 2(p<0.001). IL—6 was superior to CRP on day 0, but CRP was superior

to IL—6 on day 2 in the diagnostic validity, and combined use of IL—6 and CRP showed the most

sensitivity and negative predictive value.

Conclusions : Serum IL—6 value is a sensitive parameter for diagnosis of neonatal sepsis at the early

phase. Also, the combination and IL—6 and CRP considers to be a effective method for the early

diagnosis.

Key words : interleukin—6, C—reactive protein, neonatal sepsis
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(Isaacs€} Moxon, 2000). 22t 7]zl te]| o] &-5]
= ol g AAREE Ao Y] 271l AR
Hwg) Solwrt vropx xdk W o= 2] ¢
202 & A 3o (Spector 5, 1981; Kite
1988; Russell &, 1992), tl&o] 271X 59| A}
A g, W S7F 5o vggd FAd e o
o7 4 9tk (Lacey, 1984; Murray, 1994).

HAZ HYF 59 79 oA wiEHE 9%
959 wi7f A 24 tumor necrosis factor—a
(TNF-@) Y interleukin (IL)—6, IL-1 4, IL—1
receptor antagonist, [L—8 52| t}okgl Alo]E7}el
(cytokine)©] 1551 Qlt}(de Bont &, 1994;

Mo = 1

Kuster &, 1998; Franz &, 1999). o] & IL-6=
HITU &, G oA 2, A EAIE Sl A
A gl FEo] C-ikg E(CRP) 59 w4 9%
HS el S frisk e 27l WA
S7bsh W7} ghol 2 Ao R IRdY &
&4 °1D}(Buck %, 1994). T3 CRP= Aok 744
o Z7]ell= &3] 717k vleketo] WA A xRA
Ak IL-69F 2] Zol A&EHH A
Jo] QItH(EhI 5, 1997).
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D IL—6 ZA

0date} 29kl 42t 2mee] NS AHT & 2
A EEdte] S A APl BT FEE AAe)
71 A7 =70TC 2] A A Batlct. IL-6
9 FE=4L FFA e "Wl 7| E (Quantikine®,
R&D System Inc., #]=)& ©]-&-ardtt. HAPE S oF
=old, BL-6 F=E& A2 TEXH microplate?]

7k welldll EZ 223 AAE 1002 9 247 &
QF ALoM HHSAIZILE dFdoT AR ok

IL-6 conjugateE 2413t &
A71aL, phA o g T1HE AfolA AL
2 FAsth 3 IL-69 cut—offX]
+ receiver operator characteristic(ROC) curve
fitting©. = A4 sttt

ﬂﬂm 22

2) CRP AA
0, 2, 104 zte] =8 A (Behring

nephrometer analyzer I, 5¢) 22 Ad&4 &
AAFE 9o, €3 CRP 5%7} 1.0mg/dL ©]%el
B¢E Sk A0 E AT

3. AEEM

FRH AR £ SPSS 12.02 o] 4-35t9 B A3}
90 Chi—square 74743 Mann—Whitney U 774
& Aldsto] p<0.05Q1 AF-E T Ao Ast
k.

N o

1. el g 54

HETT (=21) 9 AAYF L 34452 Uiz
(1=20) 9] 35379} v a9 o] FAAZE 744
2,1711778g, 2,304 861g S & F78H4 #2| 3 %
ol USITE At mlsote] £ vl FatolA
H| 2k, A8 A= fdFrol 12559U% vz
T2 10£3Y BT} oFf = o} FAEA f2o gk At
ol AT 1.

WY ZolA T4 H 5+ Staphylococcus
aureus’} 64 (29%) & 7P @k, 71 9] Candida
Staphylococcus

—|—‘

albicans, Klebsiella pneumoniae 2
epidermidis7} Z}7} 34 (14%), Sterptococcus
agalactiae’} 2% (10%), Candida parapsilosis,

Enterobacter cloacae, Escherichia coli X

T2 HEZFT (n=21) 27 (n=20) D
AeAE () 34.4%4.0 34.8%3.3 0.413
ERA%F (@ 2170.9%777.8 2304.0£861.2 0.506
W/ () 13/8 11/9 0.654
") &ot, (%) 13(61.9) 12(60.0) 0.901
A A71(Y) 12.2+5.4 10.0£2.9 0.120
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Pseudomonas aeruginosa’} 22 181 (5%) 9tk

(£ 2).

SZ0M SYE 7 2E
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n=

21

2. =272 IL-6 ¥ CRPX|

2ol A wkatobe] A [L-64+ 9.4+
9.8pg/mLE m&o}2] 6.2+4.3pg/mLETE =901}

BASA f9% Aol g9T

CRP;(] = U]—A]—o].

o 46(‘;?;‘;) 0.4+0.2ng/dL, v]%o} : 0.4+0.3ng/dLO % o]
Staphylococcus aureus 6% — _
Candida albicans 3(14.3%) M AISRSISTHGE 3). AR w2 IL-69) CRPA|=
Klebsiella pneumoniae 3(14.3%) ookilq]}\i Bl ]’% (% 4), ZH§ }‘]7] Oﬂ LL}E H]ﬂ_oﬂ
Staphylococcus epidermidis 3(14.3%) /ﬂ 2%1;1]-9,] IL—6;<] 9. 1*8.7pg/mLE 0017'(}.4 76
Stereptococcus agalactiae 2( 9.5%) i?.lpg/mLiﬂ- wol o} %74]5]”2—'], o5 203 2o
Candida parapsilosis 1( 4.8%) . e ot JRRPR
Enterobacter cloacae 1( 4.8%) 3L CRPA| = ol A vl seskSiTh (5 5).
Escherichia coli 1( 4.8%)

Pseudomonas aeruginosa 1( 4.8%)

E 3 HHETOM THEAFE| OE S IL-62F CRPX[S| 2XE

HAtEFHAL
wkAkok(n=8) v] ol (n=12) p
L-6" (pg/mL) 9.4%9.8 6.214.3 0.304
CRP? (mg/dL) 0.4%0.2 0.4%0.3 0.503
L—6" : interleukin—6
CRP? : C—Whg ol
H 4 20N JEHO| OHE €% IL-62F CRPX|Q] 22X
HAtEFHAL
dobm=11) ofot(n=9) b
L—6" (pg/mL) 8.2£9.9 8.1£5.5 0.148
CRP? (mg/dL) 0.3+0.1 0.4%0.3 0.410
L—6" : interleukin—6
CRP? : C—Hg &)
H5 HETOM &ME AlZ|0f OHE €3 IL-62F CRPX|Q| 22X
HtExF Ak
092} (n=20) 292} (n=20) p
L—6" (pg/mL) 7.6%7.1 9.1£8.7 0.070
CRP? (mg/dL) 0.4%0.3 0.3£0.1 0.478

L—6" : interleukin—6
CRP” : C—Wb-g k]
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1000

100

IL—6(pg/mL)

g O
O O
O
1 T T T T ]
Sepsis Control Sepsis Control
day O day O day 2 day 2
#* A4 ¢ cut—offA]
SRR ETE
J2 1. WEsFa a0 EF IL-6X|2 2%
H 6. IL—62 CRP2| ZALAl7| & HEO| THE RE A2 EFFY
7‘3/\]—]:5 5] = 1) z] = 2) IL76i] 2037]—“
L-68 571 CRPA 7V IL-64 37k CRPA b LOA STH ORISR or
0213 023 (2917 (2917) (025 O ppg 2o
N and/or 293} and/or 2¥3})
W 24=h
7T (%) 85.7 47.6 52.3 80.9 85.7 85.7 95.2
E0] % (%) 90.0 90.0 90.0 100.0 80.0 80.0 90.0
b4 o2 (%) 90.0 83.3 84.6 100.0 81.8 81.8 90.9
oA o= (%) 85.7 62.0 64.2 83.3 84.2 84.2 94.7
IL-64] 57 1 =220pg/mL
CRPA] =71 : >1mg/dL
3. HEZEF IL-64| o0& FosHAl =H(p<0.005). 3 04 2k9} 2

2} B g2y FASH R folshA =oror
HPZ=7 3 [L-6X= 0U4A7F 150+ (p<0.001) (I 1), 97159 Eo|w7} EA9 =
158pg/mLE 292+8] 34+ 27pg/mLEt} 5 A4 oFAl+= cut—offA]& 20pg/mLSith
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Sepsis Control
day O day O

AA ¢ cut—offA]
147 o] Hatgk

m> o

Sepsis Control Sepsis
day 2 day 2 day 10

J8 2. HEE T i 2Z0M €8 CRPRI2 X

4. i€ 572 CRPA|

HEZ579 84 CRPA= 2947} 4.2£3.6mg/dL
7 0929 1.4£1.6ng/dLETE EAEA 02 Fo)a}
Al =4 TH(p<0.005). =3 04 a9} 293 &5 =

Bt} FAEA &2 FolahA #9koH (p<0.005),
1043kl = AT A4 3437 giEo] 293t
HlEl|A] EAHA o2 o ahA| 7HAskSith(p<0.001)
(1% 2).

(R

5.1L-62 CRPS| AAF AI7| L HEO wE R

AAg el Btdd

RZHES} Solwef o HfdF At E‘r
= A, 297l =

IL-62¢} CRPAE WA o 1A= 2 &4 o=

27} 714 = UTHGEE 6).
LS

Aol HEFLE £ APFEY FH52 e =
Ago g AT /1€ vigtke] AlAolel A WA= o
ZAQ 7HdA Astolth, Aoy FA Y WY
225U, T AX, A Ax54 AX, BA|, AloE
7Hl & WA A FAnko] A 1l 75 oA A
stE|o] QlojA] EAH o7 7o FHeoksla, I4
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911 9lth(Adams—Chapman %, 2002; Saiman %,
2002). #H9] AR = A5 1,000 1~4
ML= 1,000 2~16% F ot A
9 o g7 @ wat o7t Bon (Taeusch 5,
2005) FEuete] 4 1997d A5 2obat
4& o g ARz Ay gl wjokAaALE g

g Aol AP T WlEE 1,000 8o =
AFE (7 oF 5, 2002).

HIFE Alatol volg| 2, A 50 el 9

3 HAstE AN 95 s 3T (systemic

d

inflammatory response syndrome) &2 Z7]¢f 3|
TatA] oW AP ARFE FHEE

2L, A V| A0 A9 5 9
A A9 A5E faiA o wjekdabelA
s s 5“§Xﬂ A Aol wet FEE
FoJshE Ao H}%”—; 0} ARk o] 21 gk § %‘Qﬂ}% Al

OﬂL 5~1140] ﬁ%ﬁ}(Smithﬁ}

Congdon, 1985; Jenson HB, Baltomore, 2002) u}

2A ZaEl 5

Wt AAE }_7]{1?}01] 01%0}71] ﬂt 1,
By

g g Fos SEA YeEbdt (Isaacs 9t
Moxon, 2000). %8 & 9 7} 5,000/mm’ ]
gho] A 20,000/mm’ o], F S/l o s A=

FAT 7Y 7 0.2 o), T AuT e ®
= 543 oIy ¥ 23} Dohle body 52 &<

Jejetd g, 2w 57} 100,000/mm' 7, 3
A7 &% 15m/our o1 59 44E AAteht 8

j
stA 7oy haptoglobin®| Y fibrinogen?] 57},

=
_]

12

CRP 94 59 W9erz 2 55 Ao} Jd59
Z7 e T3 Ad58A] ol 7] Ak o
2 ggAo] wrka d#A ok (Spector 5, 19815

Mathers<} Pohlandt, 1987; Kite &, 1988).
Y5 18 SAATY dsauy 17 49

peptidoglycan®]t} lipoteichoic acidel] tj3l d& )
2734180 2 29ZA (proinflammatory) 4 3aZ
J (anti—inflammatory) Aol E7}lel & F- =%
(Bone & 1997), o}4 7]do] & uka]=|#] okokor}
A Rt oM T Al 3 AR AEnt
$-o] dojutttal stk (McDonnell?} Isaacs, 1995).
IL-6% @585 27 Yetde 34
(pleotropic) AFO]EZ}S1 02 TNF—att IL—19] 2
& s wtel e AE, AREAE o
A AR E T AIE 9 AR 254 A
A3}, B A2 A Aatoluf AEEY T AE &
515 £3589 CRPY fibrinogen, haptoglobin, a;—
acid glycoprotein, 8% amyloid A £9 #4 9%
Hhg bzl Al 3 FEsH @ (Kishimoto,
1987; Roitt9} Rabson, 2000). AAot= &9 W
ol7]de] A ox Aatee] glov FF IL-64
T A3 Ak i8S 2716 WiksH A
&t (Buck &, 1994), vlsobol e gEFT &
O AFHEA FHE F7hE HAva st
(Lencki &, 1994). B3t IL-6%]3= Blopghsolut
AU 79 59 ZAH(premature birth) ¥ ##E
el A F7FstE R qhAtolrTh vl sofel A Frhal
a4 kLo 5, 2002). # AT A, iz
ZAFO A whabole] 3 1L-6%] (9.4 +9.8pg/mL) 7}
v]ob(6.254.3pg/mL) Bt @3] o o #9+
| ol g Z}O] Lo 5(2002) ] 477t 4 2Al
] A chd e =578k Ah, 2 Aol A= AE
= S A 2719 Aol
= Aztdd gy HE5E
@78 IL—GZ]t W TET T H%eH ol
S 15 olve] AAolE tiio = 3 Doellner &
(1998)91 01%9} %_‘ 16}% Aol

HE7E71 7} 2~4A] 7&2& tol = FTER 3Ey
o F7he IL-6 A4 == 11— 4Ur IL-10, IL—-13,
transforming growth factor—pg, IL—1 receptor

antagonist, soluble TNF—¢ receptor 52| a4
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AbOlEFFRLY A, @FWEed e 5
epinephrine©] Y glucocorticoidd] =7} 52| 7| Ao
o&l 7ol ALHYe: dF Fvt Sk &
7] wizell QAR He] Rl EFol HA FeTh
1 gh(Hack 5, 1989). Ao} sl@FelA Abo]&E
7k1e] WstE AR Ng 5(1997) 8 AolAx=
[L-6719] W17t eE 09 ell= 89%0lu 1 2 294}
ol= 2t} 67%9} 58% % FAdlon Sl o
90%= HAE Al71el BAIgle] vl5atlet & Aol
M P85 IL-6X+= 092F(150%158pg/mL)
o Hla|A 2¢2k(34+27pg/mL) ol 43k L.H, o]
of whe} Y= 86%0lA 52%F FAskelch what
A IL-6 A HEFE S0l 24471 o] 9] ]
WA g BTz 7H Ao g 7
z7)ol| AALE A o) gAY Ao ® YZhHr
CRPE= A d5Hbe Foll &gt 2270l
o F7kety # e C-thdAlel 2 et 5
At AFHESolA CRPY 7] v]Al &0y

" 2AM e 54 24 AAS

ox 9 o

il

5
B~ o rﬂ M ox %0
1> 1z

el

3
Waites, 1997). IL-69}
Ak xR Aok TR YAl E el g
FEFE WA gkon AE n|Gofo = whatolol
PRI R G R APty 48 A Qe
(O'Callaghan 5, 1984), ¥ ol x 7Fdo] w4
H 2 AAotel A Aol Ao i 8
T F29 Aol= gsith
CRPE 95WHE 4~6A12F S0 ZhoflA] ] 5o
12~241703 o] o ellA F7}at7] Aldketn 2~3%
Ao H1AE ®elth(Jaye?} Waites, 1997). A4
of HPFolA UL o] 4t 7] CRP
AALY R 47~72% oy 7Y 1~2Y &
o= 82~84%= Z7F3kH (Da Silva &, 1995), 7+
o] oAxo] AA R FAAE Fo] F<l Ao}
oA 24417k 1H4 0. & 33] A% CRPAS] 5444

rlo

Fol a9 71Eo] & F AT (HAY 5, 1998). &
AT E HEZEF9 CRPAE 2944(4.2+3.6mg
/dL)7F 09 AF(1.4£1.6mg/dL) ol H]8|A] =9kom w1l
A= (09 : 48% vs. 2931 1 81%) & &4 <I&A]
(00U} : 62% vs. 2U3} @ 83%) BT 2 x}bo]| g4}
s olch mebA CRPE 744 2719 1814 S 02+
A AP o2 BA st A&AQ HAbE a34]
Ao AZtA} CRPE IL-69 2] 7ol &
A gom A& FrtAaAE Kol 7o) 3
4~6AIZES] B b7 wjgel whe] ol A
~109el A Z I EHERE AT Hof
#t}(Forest, 1986). ¥ Ao A& g+

17} A 2 S AHE 1093tdle 293}
aolrt.

>

bt 9 A
o Mo g
o

[-

do,
=7
o>
o,

X

¥

[T ol S O ) =
:OI:I
2,
e
Br

N
N
)
An)

oln} IL-6%} CRP] Weago] %7
ol W o g A7ty AAARl ARE
=y B Ayt d e

Y
A2 ¢ Ho U
=2
ol
K2
S

>
o

O
—_

>~
-
ol
1o

69} CRPE A&H 07 Z4350 Ao HPFS %
NAGe] T8 F= A8 Fystuat 20034 1€

FH 20049 687kA A disha sAte g9 Aofat
o JLd Fob F HAZT T 7|3kl 24413k
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ojstolm AA FH wjFAtl M dF7} FE So}
T (218 3 2 (208) & de = Attt

IL-6 AARz 0248k 2% A e 242t 2mLe] &Y
AT 5 44 Fefdtd S 42 F -70TY
Ao Hystgithrt oA 71 E o] g8t 5
3} 21 cut—offx]+= ROC curve fitting©. 2 A% 3}
%t CRP #AR= 0, 2, 1093k EEHSEA 2
F AFHAE siglov, 8% 527t 1.0mg/dL o]
ol A& =7}t Ao 7 (A5 T

el A e ot 24AF 21
AL Frzt vl on g8l s4E o
= S. aureus’} 68 (29%) Z 7V Wk, 1 9] C.
albicans, K. pneumoniae, S. epidermidis, S.
agalactiae 5°] YA}t hxTolA 4 IL-69
CRPA:= Az ol Au] ol uh& Aol §lal
. HdF A IL-63E 04 A (150%
158pg/mL) 7} 292} (34 +27pg/mL) ¥t} =41 (p
<0.005), 09 te} 2UA} 257 27 Hoh ko
(p<0.001), WHES} So|w7t FAlo FotbAl=
cut—off* = 20pg/mLSith. T3 CRPAI= 293}
(4.2£3.6mg/dL) 7} 0¥ AF(1.4£1.6mg/dL) B} =5k
1(p<0.005). 0LA}¢} 242} 25 )27t H T} =34
21 (p<0.005), 1044l = AEZF] 944 34
I B o] 24| HaiA skt (p<0.001). 3
5 A B2 09akell= IL-64], 2U Aol =

|\ mN mlo

S9] Ayl

E
-
z

‘I_,

¢

CRPA7H o %%tom IL-6%% CRPAS B33
WA D S A5 5%
2 Q7sl 23 83 o679 271 280} A9%

32

Aol f-89 A ;koln], IL-69} CRP] W24
271 70de] gapA el g o7 Azben

o
l'

2I1ZH

7ok A, HEE Aok HEF Al gt
2okt 2002:45(1):55-63

A, 433t o] 5, T, Aok el C-
reactive proteinZ} A Fof 7)17k7}e] #
A. 2ok} 1998:41(7):901-8
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