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Table 1. Organisms isolated from positive blood cultures
in the sepsis group and bacteremia group

Number of episodes

Organism

Sepsis Bacteremia

Escherichia coli 5 1
Klebsiella pneumoniae 2 2
Klebsiella variicola/singaporensis 2

Klebsiella aerogenes 1

Enterobacter cloacae complex 1 1
Serratia marcescens 1

Proteus mirabilis 1

Pantoea species 1
Salmonella species 1
Pseudomonas aeruginosa 2 1
Moraxella catarrhalis

Staphylococcus aureus 3 4
Staphylococcus hominis 3
Staphylococcus epidermidis 1
Staphylococcus warneri 1

Streptococcus dysgalactiae 2

Streptococcus mitis/oralis 1
Enterococcus faecalis 1 1
Enterococcus faecium 1
Listeria monocytogenes 1
Corynebacterium striatum 1
Corynebacterium jeikeium 1

Bacillus cereus 1
Clostridium paraputrificum 1
Candida albicans 1

Candida parapsilosis

Multiple bacteria 7 5

V==L L THlE SN TV A,
ZFofogd: s LT, &MmEEE (Complete
Blood Count : CBC) Ik O AT %175 H BRI
BRHIEEE Z W B ADS, W orHEIhTw
%0, WliiE B E oG Bk, KAEUL, oaeE
KR ZEfa itk 7 L OB A O N D, —HDH
BMERSATEEE L, ZORBEALEIFhER ST X —
y—L LT, B35 LDRETHL. £
TE H H B ER AT 28 XN-20 (XN-20; ¥ A A v 7
AMRRSHE) 1 E, Bk 7o —H A M A MY 3k
THATL, RESRMBABEICLI) AFYy vy 7
T DNERAER, T4 OIFHRERST X — 5 — 2 HHT
bo TNHDINT A—F —1%, CBC {#ll%E K O AT
T—= EHWCEIEICL VAR SN L7700, Al
BT A P74 —~ ¥ AIENL DS, BUMFEDS
Wi % & O BEIRBIA FTEIZI S 2 & % > TV,
L, bIvbIUIRIMERE % R L L72iFhER
I8 X — 4 — ORFIRIIA IO TRRE L 72,
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W A4HITH -7 (Table 1o

(4) RRZERE (224

A B R IRGE & B S, MBS TH
% BE R BGHERE & L 7z. BRHEOMNFRIE, fifig 10
B, PREGERGAE 3 61, WEde 2 B, HAE % 2 6, 5t
Pl g 2 B, MeEgRkoe 1B, MERRIE 16, AbiRE
Fitg 1 BITH o720
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CBC #ll7£ 1%, XN-20, M5O EHRG L%
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Table 2. Neutrophil parameters

Neutrophil Analysis method of NEUT cluster Clinical importance

parameters

NE-WX side scattering light distribution width variation in internal cell structure and granularity
NE-WY side fluorescence distribution width variation in DNA/RNA content

NE-WZ forward scattering light distribution width variation in cell size

NE-SSC side scattered light internal cell structure and granularity

NE-SFL side fluorescence light DNA/RNA content

NE-FSC forward scattered light cell size

NE-FSC &4 & L7- (Table 2), MIERIIL, B
B se % L 72 FHIMER L B8R L — 3 — & IR A%,
5 NHNTEEDERE MlBo K& S), Tk
ELGTRE (HIRE S O S ) &y st
(BN ERRE) * AX v v ¥ 77 ABRL,
sk EF (NEUT 2 9 A% —) %1%, NEUT
7 I AL —OELB X OAE % T L C&/8T
A=y —PEPEIND,
4. KRETEEMT

FEHEATIZ EZR & IBM® SPSS® Statistics Win-
dows & FH W CTAT o 720 HHEDUFHERINT X —
% — & Mann-Whitney @ U ¥ %€ £ 72 1% Kruskal-
Wallis # 52 (2 T K L 720 £ & M & & Dunn-
Bonferroni D /5% 2720 A EK#EIZ005 & L
726
5. fEWAE
(1) #FRERINS A —2—DFZHEEE

fil i B 50 B & MUl AERE 50 B2 B4 5 &4k
TG A= —Ofi% B L7z 72, BfiE#E 50
Bl % DIC ZERE 13 7 & IEFSRERE 37 Bl L, &
FHERNT X — 5 — D% L 720 IRICHUMAE RS
Bk L COEMFHRER ST X =5 —DHFEREE A%
72912, Receiver Operator Characteristic (ROC)
HHAR AT 2 S0 L 720 S 5102, BUMmRE LR L Cliar
LTHBERETLIRFEZRAETLZOIIT T A
T A 7 GG AT o 720
(2) FFHER/NT A —HR— & MREROREEM

NE-WY, NE-SFL 2 \ZEETH o 7L E DO
MAERE 2 Bl &, AEEDORTERE 2 F1I BT 5 0FHEk
® May-Grinwald Giemsa (MG) #efuif s H A
PR A B 2 L R A AR de L — % > 7 7
V=T DM AR 2 B &5 12 1E - THL
2L, L7,

(3) HFHRER/ND A =2 —DHHITHE L ERREN
RO EHHES Bl EDTA L4 % 10 [5E
HellsE L, NE-WY & NE-SFL OfHTHEE & BiaT L
720 E7o, [AAROFEZ 1R & 12 6 B £ Tl
EL, RERREEE RN,

(4) MIMERF, FHMAERF, REFVEBFOLEEK

feeH P01 50 B, MCMAERE 50 1, B ILE R 25 1,
I GRERE 22 B BT 5 4 5 D NE-WY & NE-SFL
L 72,
6. WizEfRiE

ABTEE, LIRS B s B il PR 72 4 A 2
HEOKRE (HET © 312-1064) &, FLBRERK
FME LR K OKE (BHEAEG 130267 HT
S L 720

Il R

1. BFPERNS X =2 — DB ERE

TR H B & WUMAERE O FAfHER YT X — & — D

Jufiiz L7225, NE-WX, NE-WY, NE-WZ,

NW-SSC B X " NW-SFL 1, MIEHETAHEIZS
7o 72 (Table 3)o —77, NE-FSC &, BrMUE#ET
Bl & 72 o 720 F 72, DIC FSHER: & IEFE

HOKIHEST X —F — Ol % R L 7285,

NE-WZ 1Z DIC HECHZEIZE -7z (Table 4), %
DOMOIHH TIIFEEZ RO L h o720 MUME % 7%
9 %728 @ ROC BHARENTCTl, Area Under the
Curve (AUC) #*NE-WY 0995 (# v b+ 71
664, & FF 0640, 4F £ B 0.700), NE-SFL T 0995
(v b 71H533, 0800, HF5EE0960) &
SBEOEMEE AL T (Fig o /2, 0y
AT 4y Z ARG EIT-72L A, NE-WY, NE-
SFL, NE-FSC AV L7z EAZHE LTl s
7z (Table 5)o % ZC, ROC i #R BT C W& D
EREEERL, OV RA7 4 v 7 ARG Tt & h
72 NE-WY & NESFL IZxt L, DLTFOME %47 -
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Table 3. Comparison of the neutrophil parameters between the sepsis group and

healthy control group
. Healthy control Sepsis
Neutrophil parameters P
(n=50) (n=50)
NE-WX, median (IQR) 304.0 (293.3-312.8) 317.0 (299.5-325.8)  <0.001
NE-WY, median (IQR) 620.0 (594.8-641.0) 852.0 (729.0-960.0)  <0.001
NE-WZ, median (IQR) 644.0 (589.3-678.0) 704.0 (652.5-798.0)  <0.001
NE-SSC, median (IQR) 150.8 (148.4-153.6) 153.5 (150.6-156.6) 0.017
NE-SFL, median (IQR) 48.8 (46.8-50.6) 56.9 (53.5-65.3) <0.001
NE-FSC, median (IQR) 92.4 (89.6-93.9) 88.9 (83.2-91.3) <0.001

IQR, interquartile range

A p-value 0f<0.05 was considered as being indicative of statistical significance.

Table 4. Comparison of the neutrophil parameters between the DIC group and

non-DIC group

Neutrophil parameters DIC (n=13) Non-DIC (n=37) P

NE-WX, median (IQR) 314.0 (294.0-848.0)  317.0(299.8-321.8)  0.658
NE-WY, median (IQR) 883.0 (751.0-951.0)  826.5(691.5-955.0)  0.382
NE-WZ, median (IQR) 766.0 (686.0-801.0)  684.0 (648.3-783.5)  0.046
NE-SSC, median (IQR) 153.2 (150.9-1564)  154.0 (149.7-156.9)  0.903
NE-SFL, median (IQR) 58.9 (54.0-66.3) 56.9 (51.7-65.3) 0.401
NE-FSC, median (IQR) 89.0 (82.4-89.9) 88.2(83.2-91.3) 0.237

DIC, disseminated intravascular coagulation; IQR, interquartile range

A p-value of <0.05 was considered as being indicative of statistical significance.
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Fig. 1. ROC analysis of the neutrophil parameters.

The sepsis-diagnostic abilities of the neutrophil parameters (NE-WX, NE-WY, NE-WZ, NE-SSC, NE-SFL and NE-FSC)
were investigated by Receiver Operator Characteristic (ROC) curves.

Table 5. Logistic regression analysis in the sepsis group

0dds 95% Confidence interval
Variables P-value .
ratio infimum supremum
NE-WX 0.076 1.101 0.990 1.223
NE-WY 0.010 1.046 1.011 1.082
NE-WZ 0.057 0.971 0.943 1.001
NE-SSC 0.240 1.263 0.855 1.866
NE-SFL 0.006 3.245 1.393 7.559
NE-FSC 0.004 0.352 0.173 0.717

HOMAE T, B ER D thag PR R 22l A PR D
WL L > T, WSS HMIC 2D 2 L5,
NE-WX & NE-SSC " & fHIZ % o 72 & 2 b7z,
F72, NE-WY & NESFL iz, #7558 (b
HERDSHINZN 12 S > DNA, RNA o #% k& < A
Ja/NFEDRE) DIXS5DE LPIETH S Bl
FETIE, IR R IMAE B S b o DI
HhERIE, MR SEICAE S 5720, NEWY & NE-
SFL 2MEfllic 2 o 72 £ & 2 51720 NE-FSC (3ME—
MUMAEFEAH B IRIE T - 720 NE-FSC 13 F-39H)
THEDERETH Y, MldORE SOFIIERLT

Wb o MUMESRF ORI, WA ERDSE)
BaEna LRz, 7R =284 70— 2%
OMFIFE A K2 L 72U ERASA H NS L E SN T
VB BERR REFZEIC BT b AR e M R,
LR EVFHFERDS A SN 2—FHT, TRF=T R
e Z L7/ oM bR T & 720 L7235 T,
BOMAERE Cid, MileO K& S D55 FilE % 7R NE-
WZIEEL 25D, PO RKE & %23 NEFSC 1%
Bl oiceEZ NI, T, BMINEEZICBY
T, DIC &BFIEIL 25~50% IR d 5L b, 2
T, DIC 5EM L IEFEH O HER/ N T X — 5 —
ZH5E L, ST RED 72 & 2 A, NE-WZ %8 DIC
HCTHBEICRETH > 720 NE-WZ IEH1 5 Bl e
filgTHY), MEOKEEDELDEE BT %,
DIC ##ERECIE, DICIERER LD & S 512, 4F
HHERIETHR D JTA 12 & 1) RIS 20 S FRER DS RS I~
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ToletEZBHNAL, Stiel H1d XN-2000 % Hv>T
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Fig. 2. Comparison of NE-WY and NE-SFL in blood smears between the sepsis group and healthy control group.
Upper smears, patients with sepsis. Lower smears, controls.
MG, May-Griinwald Giemsa

Table 6. Within-run precision in the NE-WY and NE-SFL parameters

Sample 1 2 3 4 5
Mean NE-WY 613.9 623.6 607.0 595.6 591.0
NE-SFL 52.0 53.1 48.6 52.9 53.0
SD NE-WY 13.3 15.34 16.6 13.5 35.3
NE-SFL 0.6 0.44 0.2 0.3 0.4
CV(%)  NE-WY 2.2 25 2.7 2.3 6.0
NE-SFL 1.2 0.8 0.5 0.5 0.8

SD, standard deviation; CV, coefficient of variation

g L CHEICHM L, NE-SFL @31 1% DIC
FEAEE AT 66.6, DIC IEFIEREAT500 & #is L Tw
5o SRIObNDbNOME TIX, NE-SFL OF1
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NE-SFL 25K & o 7272012, AEERBD L, ->
Jre b b, #EPEL S/ FKFE LT, Stiel
SIIMRBREL ICUICAZR L KIEEY 3 v 2o
BEHELLTVZOIZHL, bItbIUIICUIZERS
FTIRTORMAERNRICLTWD Z L2,
T a v 7ilnico TWARWKRIMEER O HRIZED
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Fig. 3. Time-course of NE-WY and NE-SFL.
NE-WY: the maximum rate of change is 4.9% (Sample 5 at 6 hours)
NE-SFL: the maximum rate of change is 1.6% (Sample 2 at 1 hour)
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Fig. 4. Comparison of NE-WY among the control group, sepsis group, bacteremia

group, and infection group.
N.S., not significant
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Fig. 5. Comparison of NE-SFL among the control group, sepsis group, bacteremia

group, and infection group.
N.S., not significant
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Evaluation of neutrophil parameters for the diagnosis of sepsis
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The significance of neutrophil parameters for the diagnosis of sepsis was evaluated. The neutrophil pa-
rameters were measured using an automated multi-item blood cell analyzer, Sysmex XN-20, and the pe-
ripheral blood smears were stained using an automated slide stainer, Sysmex SP-50. Six parameters (NE-
WX, NE-WY, NE-WZ, NE-SSC, NE-SFL, and NE-FSC) were investigated and their effects were calculated
using XN-20. The values of the neutrophil parameters in the sepsis group were significantly higher than
those in the healthy control group. In the sepsis group, the NE-WZ was significantly higher in patients
with disseminated intravascular coagulation (DIC) than in those without DIC. NE-WY and NE-SFL showed
a very high differentiation ability for sepsis (area under the curve=0.995). Logistic regression analysis indi-
cated that the variations in NE-WY, NE-SFL, and NE-FSC were independent predictors of sepsis. In addi-
tion, the blood smears of patients with sepsis showed toxic changes of the neutrophils and larger neutro-
phils (1820 um) as compared to those of the healthy volunteers, which is consistent with the above-
mentioned findings. We confirmed the repeatability and temporal stability of NE-WY and NE-SFL, which
indicates their potential usefulness in clinical settings. However, there were no significant differences in
the NE-WY or NE-SFL among the patients with sepsis, bacteremia, and focal infection. Although it is diffi-
cult to differentiate sepsis from bacteremia and focal infection, the aforementioned parameters are easily
and expeditiously calculated from the data of a complete blood count at no additional cost. Further inves-
tigation is needed to determine the precise usefulness of these parameters in the diagnosis of sepsis.
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