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ABSTRACT

Introduction: Neonatal sepsis remains a major life-threatening condition despite advanced medical
development. The definite diagnosis obtained by hemoculture is delayed and insensitive, posing
difficulty in guiding antimicrobial treatment and duration which might lead to overutilization of
antibiotics. In literature, serial C-reactive protein (CRP) is utilized in aiding diagnosis of neonatal
sepsis with high sensitivity and specificity. Nevertheless, due to its high cost and laboratory
unavailability, its use is limited to larger facilities.

Aim: To compare haematological parameters from complete blood count (Haematological scoring
system; HSS) with serial CRP in screening for neonatal sepsis, which were confirmed by positive
hemoculture.

Material and Method: A prospective cohort study of neonates aged from birth to 30 days old
presenting with signs and symptoms of neonatal sepsis in both outpatient clinic and neonatal
division of HRH Maha Chakri Sirindhorn Hospital, Department of Pediatrics, Srinakharinwirot
University. Neonates were assigned to either sepsis group or normal group depending on
hemoculture status. Haematogical parameters and serial CRP (24 hours apart) were then analyzed
using independent t-test and ROC curves. All statistical data were processed using SPSS.

Results: Of fifty-three neonates recruited into the study, 26(49%) were assigned to sepsis group and
the remaining 27 (51%) were assigned to normal group. Baseline characteristics for the two groups
were similar except for the higher amount of male participants in sepsis group (p-value 0.006).
Most patients in sepsis group (7/26) demonstrated Staphyloccous CONS sepsis. The values of 1
CRP and 2™ CRP were significantly higher in sepsis group compared to normal group (p-value
<0.001 and 0.003, respectively). Patients in sepsis group illustrated significantly lower absolute
neutrophil counts and platelet counts along with higher I: T ratio, I: M ratio and band form. From
ROC curves, at the cut-off points of 1% CRP>1.9 mg/L and 2" CRP >1.25 mg/L, the sensitivity
were as high as 92.6% and 96.3%, respectively, and the specificity were both at 100%. On the ROC
curves of haematological parameters (HSS), HSS>2 showed sensitivity and specificity of 81.5%
and 88.5%, respectively, whilst HSS>3 showed sensitivity and specificity of 70.4% and 100%,
respectively.

Conclusions: Haematological parameters from complete blood count might be cheaper alternative
in diagnosis of neonatal sepsis and initiation of antimicrobials compare to serial CRP, especially
when HSS >2. It would be safe to consider halting antimicrobial treatment in patients with serial
CRP < 2 mg/L (Negative predictive value 100%) with improved clinical signs and symptoms and
negative hemoculture for 3 days. These safety profiles might help in reducing overutilization of
antibiotics and development of new drug resistant organisms.
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msliA C-reactive protein wazAanns hematological parameters
el a dv a a
TunsATIAARNSTBINITAMLTR L UNTE WAL RALBINITNLINLIA
Andgs yynBaee DA | Qunun Wufusae ¢, aNusol AUNTANANT”,
(%4 o da o o [ a
UPNUA WAIRSHW® , Tuzne tganarail

MATNNITITANEAT AMSUWNNEAANT NUNINENREATUATUNTI LT

UNARED
1MUN (Background)
a dgl a a 3| dl P a o d’/ A
nsanae unszualaiinresisnusnifiaiudoyinulfivesuasidnsnismiegs mamnziaelunszualaen
fiagldnanatnatian 48 — 72 40Tus uwazdalinamnziadluuonlinnaeninisfiamge susinidiadaisaendaainis
LAYRINITUARNRENBENALY WUITH low predictive value ATLNEN 13-20 % iunalidinisldendigauzuninisnuaniin
| o o 1 = a d” Aﬂl
udwaunnmzitadienaiinisinme Nuuss
A . . o a ﬂ” a a ' oA
n3ld C-reactive protein (CRP) lunisvinwanisfniaalunszualarinrasmisnusnifialusinelssmanudnd
AN IIUATANNAUNTAIDN 92 - 96% TunisnwnantazRadelamsuiunismizdalunssuaiden wlidanisld CRP

=

fannlauazannuamnzAeniegelunisuentiennae sepsis udinisldaniaanizlsameiuiaawialunjuaziisnaiung
nniszasnralasanisiae (objective)

Lﬁ@ﬂ?m‘ﬁu haematological parameters 11 completed blood count (CBC) %Qﬁﬂﬁmmmm:ﬁmmqn ey
N13AANTBINTY neonatal sepsis 1aeiszuL haematological scoring system (HSS) wRaLiiguiuA1 CRP Tnain
blood culture Wiafusun2z sepsis
8N1sANY

Funnsdneuunliinentia (prospective cohort study) TatAnAnamnsnEeuALINAR AufeenY 30 Tu figedein
fnnziadelumisamsnunifia TemerunadudnsumdauFaN TN ALS IR ANNLSNTVENAT NATENANT
WEANART AMUZUWANEANART NANENARATUATUNIG lam TaadinastiuninlszdRnisraannan1snsas N LAz diasania
finstlfuiEing fnaiusetinedentinnn 2.5 83 naelu 24 Salasusn dewlfielfiauclnadantiFvinsdenema
wzidelunszuaiden, CBC, serial CRP 2 pfavinariy 24 dalus

NANISANEN

mandingnisAneianun 53 g Ananismnzdelunseualadio 26 :a Andlusenas 49 Tnangw sepsis &

'
= o o

fadenResfitvd AoyAemanie wudn mﬁmmmﬁy@ﬁwumnﬁ@mﬁ@ Staphylococcus coagulase negative AnLllusasas
26 uAnLdLAT FansuaLTinzdedunnainmaAnduianas 52 wunsinide Herpes virus 1 mefiiiniazdiuans
UL A1 Cut-off point Fmnzasmes HSS Ae ATl > 2 IuzitAn Cut-off point 189 CRP AXeT 1 uazAsad 2 A > 1.90
uaz 1.25 mg/l Auansy daliaanala n1sdnmnznnag sepsis 4904 92 . 6UAY 96.3% TALIAANANIE 100% s
HSS 7 > 2 fianula wazA s 81.5 WAz 88.5% AMNANSL UAYWNUAN parameter T CBC AflAnuuansinsasinedl
ednAnylungu sepsis An ﬁ’]mﬁma'amﬁ<150,000/mm3 A1 Absolute neutrophil count ﬁamﬂﬂﬁ,ﬂ"] I:T ratio 7 >0.16

ISP =<

WAz | - M ratio TNINNT1 0.25 YULNAN negative predictive value (NPV) 1839 CRP1 llay CRP2 HAN4409 92.91A%

'
a

96.3% WaLAaLiLA1 HSS > 2 913l NPV Liien 82.1%



uwﬂgﬂua:iﬂmﬂummz (Conclusion)

N5 14 haematological scoring system (HSS) a1n completed blood count (CBC) ﬁmmmmxﬁi’]mgﬂﬂd’]

\ o . % = a a ! | o & =
a1n13nga Tun19ARNIRIN19T neonatal sepsis tinndavuiaLnfAnnndwini 2 Aauly aziipawlauas
ANANNIZES 81.5% WAL 88.5% A1N190 iN9AANsaannsinmauasiatsanliienUffious1s wlidanisld C-reactive
protein (CPR) azilimnnulauazaruanmizgandianiiasinis

wnaziansumenliienaasldian serial CRP 7 < 2 mg/L azil NPV Ngennnlnéimes 100% uazhiouilugileam
TifindngunisinmeudarivaineinisuaraInisuaneAstiunsugansinEdcaenUaaus udsainfinisnlaidennis
a a dd‘ 1 d" di, A o o 1 o a g o ' 09// =K A o tdl ¥
Aaundlunstinlinuimeannniswnzme luaeands 3 dusaniunisiaisainen CRP Asnanatiuasiiaoutasnsienay i
doglunssndulalunisugainefaeendiussaiunanresnisannisldendfaousnlisniu, anlenaninmene

gnlulsanenunamuianisan ldanauazszasinanlunisusulsaneua

o o a a & a a & = A e
ANE1A © N3mae lunszualadin ) N19AALEA MNINLINLAA , ANTRANTN

o

DA< ANET UUNHEAAT 62 DWW NAN-UATWIEN AUINITUNNEANAANTEMNG ATISUNNEANART NAY 2.89AFNY

RUATUIEN 26120 , e-mail address : suppawat yoo@hotmail.com 09. 037 — 395085 F@ 10901




uni
a d’l a [ dl Y o a o a d”
ﬂ’]'i[?]ﬁL‘ﬁ’ﬂﬁluﬂqﬁ‘ﬂLLﬁ‘ﬂLﬂﬂLﬂuﬂﬂalﬂquullm_lﬂﬁlLL@ZN@M?WT’H@M’]E}@]Q Tmm@mzmmmmﬁlu

o [ %

nezualafipaziingnsnisanarenisnusniianeauiuaeteiliadAny nanaziselunszuaiien
4 A 1 v ol/ o v dgj | 1 dld a dy dl aa [ %
fiaglifinanatnetian 48-72 40Tus uazdaliinamnziaeiuuonlaiynmenfinisfinige anueinsitade
Taga1Aaainisiayainisuandivenasd9inen wuad low positive predictive value siniives 13
- 20 %" \dunaliifinisldendfTousunmsnusniiaidudaiuonnininenziadianaiinishinige
EATITEN

annieAnenaas Philip AG , Hewitt JR., et al. 1uil 1980 uaz Gerdes JS , Polin
RA., et al. Tt 1987 wudn lunisnusniinausu 30 seflafuenliasuziuy empirical

v

therapy mezﬂiuﬁudﬂm@ﬁm@ﬁm%@ul,ml,wiwudﬂﬁtﬂm 1 eRdinsinderiufiaie  Suiluna

D

£
o 1 A o1

il Anliane lunissnenilifingeiusazdneliffia@eqawidrielsaniaesU iz vanaaindiuou
dnlunegaenisnusniian1agangid ( Neonatal Intensive Care : NICU ) e lHFedlien
Uffauzszaugeauluan
lusiatszmaliflpanamenguasfusnnisnsadanasiifiaaialoazaausnmnzqailedn
wanmsnfisinisiindesiseanatnnisnunuazwudnns e Complete blood count ( CBC )
vise Erythrocyte sedimentation rate ( ESR ) faswla ( sensitivity )iftes 42% anizidl
ANANIE (specificity ) 51 @ C — reactive protein ( CRP ) iflu acute phase reactant
d%19a1n hepatocyte lefinmssniauvitennsiinie udeannilinisfinideuazaiteiinissniay nsaing
©

CRP auisinaungludalususnuazauggalu 24 — 28 dalus ¥ TaadA1Asadian 6 — 19 dalug

ANGIqALNENNNIRATA1A49D9 100 WinaasAtLnRLazazanaIninggqaiE NAIAINNIIRATaTang
o < = Y % (4
anauianasizanuax lHLE

n3ld CRP Tunisvnunenisaisitia lunszualadinaasmisnusniialusiislssmanuaniiangia

©9 qnugi Pourcyrous et al 1&#Anmn1utl 1993 wudn Serial

Tawazaruanwizyludag 75 - 85%
CRP fnnwilauazannasnnnzgeie 92% lumsinunaniasinidelunszusidanannuusiiaansuay
( gram negative sepsis ) wazannisAnsaas Benit Z WE , Han MY uazanuzluil 1998
wudnen Serial CRP nn 24 dala 3 pfsiariu Sraulauazaaudninnzlumsidads late onset
sepsis g904 96 Uaz 98% Ana AU atnslaAnuinsAnsiannlag Manucha V, Rusia U, et
al. 1l 2002 wud1An Hematologic parameters a1n Complete blood count Iaannsii
score a1n Total white blood count , Immature sia Total neutrophil count, band form
count , abnormal granule uaz vacuolization masidniaananauay platelet count nindaana
AnUnAsnnndintu 3 Anaull azilaanalegeii 86% uaxil negative predictive value gl

96% lun1aiiunaniazAsmanamausunisnizdalunszuaiaan”  udiaingld C-reactive



protein (CRP) #moulauazmnuanmnzaaudinsgelunisuaniianiag sepsis uidnislianiin
rnzlsaneunau e nvise usalsvinAnar s AILre AW N1sAnEHNqallsyasA etz
hematological parameters a1n completed blood count (CBC)nazaqnuazisiaignnan
d gy o . 5 : :
wa lElunsdAnnsasniay neonatal sepsis Imaldsruu hematological — scoring system
(HSS) ulsaiieuruan CRP Taavin blood culture iatiugdiining sepsis

[ % o a o

mgiszasnrasiasanisian

\Watlszilu haematological parameters aan completed blood count (CBC) dqeilu

n19AANsaINIae neonatal sepsis Ineldszuu haematological scoring system (HSS)
wrauauiuat CRP Taesin blood culture iatiugiuniag sepsis

aa =
A8NIFANTEN

dlunnsdnenuuulidtendin (prospective  cohort  study) Inafaniunin FausiusniAn
aufaeng 30 Ju luanuauatinatian 40 318 ffleannsuazenisuansasdudniinnainide iesna
filaeuanuazlumbsanisnusniiia 13eneuIaguEnISUNNIANAANTLNNFAUTITAAY AUINLITHINT
NHTE NIAITINNITTAIERT ALZUANAANARS NaneaeATuAsuNalaa Tnadinistiuiinisydfinis
ARBANANITATIATNNEAzTeyanitiiasluRnsinuaziean Anisiivdetnunentinnm 2.5 T4
aelu24  dalususn dewldienljiauzlaadenilévanisdinmamizidelunszuaidan(blood
culture), Complete blood count (CBC), serial C-reactive protein 2 AFatinaru 24 Falig
Tnait N sWinTe LI89ANIENITNNIA T FITNTDLINETUIAUAZIBANEBEBNANTIANWTONITA 1B
n1Inneuldingnsiae
N5ILATISUT YA

1 lsunsn SPSS Tnedinszvideyarie iilufesay Wgé@wzwqﬂqqmﬁmﬁuﬁ'ﬂ@q?ﬂw@ﬁ%mn
naMIATAReARANTasRRRlNAfUAnsinz @elunszualaiin

AIUILAN sensitivity, specificity, positive predictive value (PPV) uas negative
predictive value(NPV) d1m3uan CRP waz hematological arameters Inaldn1sanuanie
neanm(P-values)aan Student's paired t-pretest #ousruu haematololgical scoring

system MAuUnanfinuuaniuuinggin waznis scoring taeli 1 wisluusiaz parameter v 6

1g2n1g



NANITANEN

a dl ¥ 1 = ai// dld o a d’l
nsnusninadingnisAneianne 53 918 N NTUATEINNTUARIANAERNTRRTa Y

= T as o o = = a @ v
nazualnenuar liiuenUfaouslunieineAmneen 1 Inewuiinasn 26 91e an 53 seAndiuiaes
dld d’l i’l A :j 1 d’ld 1 dl g o o A
Az 49 NANANIWNZ@aIUIUNIZIAIAEA NINTIIUNALUNGNTNARAE8A99T 34 + 3.4 Alandd, |
UMTNWINARBALRRE 2077.3 + 859.7 NiN, anglaRt1a9INNINdingn1sAnmnAe 9.15 + 8.2 Ju Lia
a oy g ' . e & & = . LAy
Whaumeudeyaiugiuszudnanguiinanismizimedulunssuaiaen sepsis group wazngui i

dgj d’j A o dl 1 o 1 dld a dal
nanIanzimedulunszuaaen normal group Awsan 1 wuan tadelungunisnndinisinimely

A dld ] 1 N o o o aad a [T d‘

nIzuaRaANNANUANFNsatalisdAtynisanane ety Anduiesas 63.9 1wy normal
group HinAmeiietenas 36.1 ol Tadai@esdupdu agynsed UaninusneAaen 81g N3

HFRAREA UAZNNTRNNNLINATILANTIAUNIIARDALNY 16 Falud TnuAINLANG9TEUd N gNLiNgE

Wad1 ATy Nana
I?]’]‘E’N‘l?ll 1 u,ﬂmil"agaﬁyugﬁummﬂezmniﬁﬁnm
Parameters Normal Group Sepsis Group P-value
N =26 N=27
(Mean +SD) (Mean + SD)
AAUAIUNITN 26 27 -
VWA (%) 13 (36.1) 23 (63.9) 0.006*
a1gAss (F1lanm) 34+38 34 + 3.4 0.970**
vwinusnAaan 2,200.6 + 1,043.1 2,077.3 + 859.7 0.640**
(N5N)
a1g () 10.5+8.1 9.15+8.2 0.668**
NMSEIARANDRA (%) 12 (52.2) 11 (47.8) 0.691*
AMaztinAsuAnhay 8.6+2.1 12.5+8.1 0.221*
ARDA(TATH)

* Chi square test , ** Independent t test
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nsAnmnafiidamunsindenuariasalunszuaidende  Candida  albicans uazHerpes
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Staphylococcus CONS
Klebsiella pneumoniae
Enterobacter cloacae
Acinetobacter baumanii
Group B streptococcus
Enterobacter coli
Pseudomonas aeruginosa
Candida albicans
Enterobacter faecii
Proteus mirabilis
Herpes simplex
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A15199% 3 udnana 1% CRP, 2" CRP naz HSS aasnsnnga Normal Aunga Sepsis

Parameters Normal Group Sepsis Group P-value*
(Mean + SD) (Mean + SD)
1 CRP 0.52 +0.49 48.81 +51.43 <0.001
2" CRP 0.19 +£0.26 36.94 +45.44 0.0003
HSS 0.65 + 0.69 2.85+1.35 <0.001

* Independent t test

AN 4 uanedn Parameters sng«lu CBC anansnnga Normal uaz Sepsis

Parameters Normal Group Sepsis Group P-Value
Total WBC 15,151.81 +6,421.39 11,647.70+ 7,117.52 0.066
Absolute Neutrophils  8,156.77 + 4,678.55  4,991.59 + 4,156.54 0.012
I:T ratio 0.07 + 0.08 0.23+0.14 <0.001
I:M ratio 0.14+0.14 0.26 +0.17 0.007
Band form (%) 0.35+0.49 1.35+1.60 0.004
Platelet counts 204,132.7 + 142,231.5 + 0.030

79,694.54 117,327.1

M990 5 uaRIANAMNLNustaas Parameters s qildvinunaniaz Sepsis

Parameters Sensitivity (%)  Specificity (%) NPV (%) PPV (%)

1¥ CRP > 1.90% 92.6 100 92.9 100
2" CRP > 1.25%* 96.3 100 96.3 100
HSS >1 92.6 46.2 85.7 64.1
HSS >2 81.5 88.5 82.1 88

HSS >3 70.4 100 76.5 100
HSS >4 33.3 100 59.1 100
HSS >5 7.4 100 51 100
Platelets<150,000 66.7 88.5 71.9 85.7

* Cut-off point for CRP1 > 1.90 ** Cut-off point for CRP2 > 1.25
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Figure 1 Demonstration Cut-off point and area under ROC curve of CRP1
Cut-off point for CRP1 > 1.90 mg/L
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Figure 2 Demonstration Cut-off point and area under ROC curve of CRP2 >
1.25 mg/L
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Figure 3 Demonstration area under ROC curve of HSS score and Cut-off
point for HSS score > 2
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