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Standardization of puncture fluid examinations and future perspectives
—Quality assurance and clinical support through standardized testing procedures—

AlLHX

BE BB X OSSR L, PR, E, CEMES, SOETEREOBMNIC B VT
HELFEFZHS> T0 D, IRHsomEE, RINOBICREND? S, REELRON LM, Mtk ik
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L TN %o

Abstract Cerebrospinal fluid and other puncture fluid analyses are essential for the diagnosis of
central nervous system disorders, infectious diseases, malignancies, and inflammatory conditions. Because
these examinations are invasive and often performed with limited specimen volumes, both rapid
processing and high analytical accuracy are required. However, considerable variability exists in
specimen collection, handling, transport, laboratory procedures, and result reporting, depending on
institutional practices and individual experience. Such variability may affect the reproducibility of test
results and influence clinical decision-making, particularly during nighttime or weekend shifts. Therefore,
standardization based on a shared understanding between physicians and medical laboratory
technologists is crucial to ensure the quality of puncture fluid examinations. This article reviews
cerebrospinal fluid, pleural effusion, ascites, pericardial fluid, and synovial fluid analyses.

Key words Handling of aspirate specimens, macroscopic findings (color and turbidity), cell count
and cell differentiation (polymorphonuclear cells and mononuclear cells)

Masahiro Ishiyama

SRR SR I e sl

Department of Clinical Laboratory, Hirosaki
University Hospital

T 036-8563 5 ARUELEATI T AN 53

53 Honcho, Hirosaki City, Aomor, Japan. 036-8563
E-mail : mas-ishiyvama@hirosaki-u.ac.jp
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Path to the era of multiplex testing set out by mass spectrometry:
a case of vitamin D sufficiency measurement

B/

Abstract

This article discusses the emerging paradigm shift in clinical laboratory medicine from

traditional monoplex testing to multiplex testing, with a focus on liquid chromatography-tandem mass

spectrometry (LC-MS/MS). It highlights the measurement of vitamin D metabolites, 25-hydroxy vitamin
D [25(0OH)D] and vitamin D metabolite ratio (VMR), to demonstrate the potential contributions of LC-MS/
MS to nutrition science and epidemiological studies. Despite this usefulness, multiplex testing may

introduce unique challenges in pre-analytical, analytical, and post-analytical processes, necessitating

rigorous automation, standardisation, and quality control. Particular attention is given to pre-analytical

vulnerabilities, including interference from specific blood collection tubes and environmental contaminants
that can distort LC-MS/MS results. While multiplex test significantly expands the amount of biological

information and diagnostic potential, successful clinical implementation requires comprehensive validation,

robust quality management, and close involvement of experts to ensure that increased data complexity

does not compromise accuracy and reliability.
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T7-DHC > Vitamin D, .
ctivation
I Redundant vitamin D
o J => 25(0H)D : - —>  24,25(0H) ;D

Intestinal absorption

= %

P

Vitamin Dy

|

Excretion

/

Remnants |

DHC: dehydrocholesterol; (OH)D: hydroxy vitamin D; (OH),D: dihydroxy vitamin D

Fig. 1 A scheme of Vitamin D metabolism

Table 1 Comparison of characteristics between immunosorbent assay and liquid chromatography-

tandem mass spectrometry (LC-MS/MS)

Immunosorbent assay

LC-MS/MS

Specificity

Dependent on quality of antibodies High

Multiple substances at a time

Simultaneous measurement One substance at a time

Unknown substances

Standardisation Well standardised Poorly standardised
Automation Fully automated In progress
Manipulation Easy Complicated
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T CORIMEPLC-MS/MSHlE = E L T 2
5722 FEZ L, MOYERE T A —F —
ORI T L RBEOBRHGME Z AW e+ %
PR C Y

25(0H)D (ng/mL)  24,25(0H)2D (ng/mL) VMR (%)
(Average * SD) (Average * SD) (Average * SD)
Male 20.2+6.6 1.21£0.68 5.68+1.78
Female 15.6t54 0.74+0.41 4.53+1.43
1 Male . *1 Female
] P8 e a = 3
© 2 e N @ o . .
& '(..;;? : ,"i & e « N P
w " © -t o
= :';‘-{ Gl % FE
< 4 ..ﬁ,—._ o < ~ 4 '..:.” ! ... e
~ ::1'. = . ~ .'E‘:!n“'

10 20 30 40 50
25(OH)D (ng/mL)

1 50

0 20 a0 40
25(OH)D (ng/mL)

(OH)D: hydroxy vitamin D; (OH),D: dihydroxy vitamin D; VMR: vitamin D metabolite ratio; SD: standard deviation

Fig. 2 Serum concentration of 25(0H)D, 24,25(0H)2D, and vitamin D metabolite ratio (VMR) among healthy

Japanese population (N=250)
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x| ZRI LG5, 728 213D 5 ERE T,

‘ Monoplex testing ‘ | Multiplex testing |
| An enormous amount of data/test |
| Oncremiltitest | | Mass-spectrometry | | Genomics |
AST 30 TU/L MALDI-TOF MS NGS
ALT 40 TU/L LC-MS/MS, ete. onco-panel, ete.
. | Other omix- testing |
|
Automation/standardisation
v o)
—_ g Postanalytical process Analytical process Preanalytical process
Clinical &
. = Validation [ Validation [ Validation
practice
[ Internal quality control ][ Internal quality control ] [ Internal quality control ]
[ External quality control ][ External quality control ][ External quality control }

MALD-TOF MS: Matrix Assisted Laser Desorption/Ionization Time-of-flight mass spectrometer;
LC-MS/MS: Liquid Chromatograph -Mass Spectrometry; NGS: next generation sequencing

Fig. 3 Process of monoplex and multiplex testing

MRM: Multiple Reaction Monitoring

Fig. 4 Difference in MRM transition among different blood collection tubes ?
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Advances in microbiological diagnostic instruments and systems

e f—

Abstract
major changes driven by advances in information technology and diagnostic instruments. In the 1990s,

Over the past three decades, microbiological diagnostic laboratories have undergone

microbiological testing was mainly conducted using paper-based workflows with limited access to clinical
information. The widespread introduction of laboratory information systems and electronic medical
records in the 2000s enabled microbiology laboratories to access comprehensive patient data, thereby
improving result interpretation and supporting infection control activities.

At the same time, microbiological diagnostic instruments have evolved considerably. Automated blood
culture systems, automated identification and antimicrobial susceptibility testing systems, nucleic acid
amplification tests, and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) have improved diagnostic accuracy and reduced turnaround time. However, these
advances have also introduced new challenges, including an increased number of identifiable bacterial
species and potential pitfalls in automated and molecular diagnostic methods.

This review summarizes the historical development of microbiological diagnostic systems and
instruments based on practical experiences in Japanese clinical laboratories, and discusses future
perspectives for clinical microbiology laboratories.

Key words clinical microbiology, diagnostic instruments, laboratory information systems, clinical
laboratory practice, laboratory workflow
1. ZU®IC A&, AR L ERELPER S Tn»

WA, BYGEZEICB W TRRERE O E
BLUBEY 2GR ERY L2 2 EE L EHEH- T
Who ZO30FETHAEMKRAERZIY % BRI
KELEILL, BEY AT LAREFH VT OERIC
L0, BEENISIE T L RIERIEREER BN
L7

—77, EYBRERSG b BEL - mEE LS HEA,
H iy 22ikes, ABR R, Sk
B E A A A% 2%, MALDI-TOF & & 40 A7 %5 & 55 o) i

Kenichi SHIZUNO

THEm i e ERIR AR

T 261-0012 TZE TSR X R 3-31-1
TEL : 043-277-7711 P94 2315
E-mail : shizuno.krhky@gmail.com

Bo LA, [FERFEEOI IR PN E AR D
ELELR (Ev M74—N) & #H-m@3Eb kL
TWwWhb,

R TIE, MAEWHRERS - VAT 2085 %
BEL, MEETRBRINREZIRTLELED
2, SBROMAEMRER RO 5N LEENIONT
ERT Do

2. MEVREY AT LDES
AR, DAl OMAN— 2 TOMAEKEE - 4
RIEORR E B L, BIEIEE  OMAE THd
VAT A, BNV T OBEANER LTEH I T
5o TNFTOELOBEIE L MAEZEDEIIZOVT
RS %o

73



R & HEML 51852
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Table 2 A Y AT A DOHEHRZ X HHRAZE TOFEBREAL

1 4 B TR WAL AT L B AT
o - BN . S 1K R
Lt BRI —TBHIEE, A R
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. . X BHIH] DY —~(F 25
ﬁi’ﬁuf“@ﬁ EJ”J%HXD&&&M‘E A’JANISX%SMJ
Y S RUEDAA S A
2o R %~ A 23 WA RT3 A

= N—= N T TRy 7T PIRFILE

#JANIS:Japan Nosocomial Infetions Surveillance
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*POT% : PCR-based ORF Typing method
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Evaluation of the reagent for measurement of hepcidin-25 by fully automated
analyzer JCA-ZS050 and Exploring clinical utility
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JCAZS050 H &y #r¥wE 729V F+ 5 4%
BioMajesty™ ZERO (H A\ F#A&H)
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ANT VT 2B MERIEL X ORBENICH W &l
REHIIEIIRTE) TH L (Table 1),

4) BIEFE

KEOFEHIL, T57v 7 AGREGELEETH S,
T, MIRISRERB LT 7 v 7 AR % UG S

Table 1

whHE, METONTY I UBET Ty 7 AR
Hofte bANT YD UHURBAET T v 7 ADVER
RPUEPUARIG 2 LB ) 24 U5, HEEITMK
HONT LD VB BEIZIBIT B0, ZOEE
OBALFMET L LIV RETOANT Vv
RERRD D,

3. &R

1) FEE S DR

20D NTY Y25 aryba— )bty Bk
V2O 7 — VilliE % Z e 1 0 10ERE LOF
ITHEIE % RO 725, CV 14 %~25 % Th - 72 (%
I h = VOFHEIX2293, 7313 ng/mL, %7
— VIILTE OF-391E 1 25.86, 62.79 ng/mL) (Table 2),
7. Oy bo—Lx A, THIENET
F110 H BHE L ENFBUEEE 2 ko 7285, CV 37
%~57 % Tdh o7z (£33 ba—)LOFHEfHEx
2350, 75.24 ng/mL, & 7 — V IfL{E O F 3 H 1%
2775, 6353 ng/mL) (Table 3).
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Table 2 Within-run reproducibility for the hepcidin-25 assay

control pool
Hepcidin-25

L H L H
Mean (ng/mL) 22.93 73.13 25.86 62.79

Within-run Max (ng/mL) 239 76.1 26.4 64.1
reproducibility Min (ng/mL) 21.9 69.9 254 61.1
(n=10) SD (ng/mL)  0.58 1.54 0.37 1.10

CV (%) 2.5 2.1 14 1.7
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Table 3 Between-day reproducibility for the hepcidin-25 assay

control pool
Hepcidin-25
L H L H
Mean (ng/mL) 23.50 75.24 27.75 63.53
Between-day Max (ng/mL) 26.0 82.3 29.3 66.6
reproducibility Min (ng/mL) 21.9 71.7 26.1 58.5
(@0=10) SD (ng/mL) 1.34 3.49 1.03 2.52
CV (%) 5.7 4.6 3.7 4.0
(A) 50 (B) 250 -
2 40 E 200
= )
) g
;I,I; 30 A 5 150 +
& £
£ 201 £ 100 -
3 5
) ==
= 10 4 . 50 A
0 T T T T 1 0 T T T T 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Dilution ratio Dilution ratio
(C) R 300 4
g 250 A
oo
£ 200 -
&
£ 150 4
=
<9
g 100
==
50 A
0 T T 1

0 0.2 0.4 0.6 0.8 1

Dilution ratio

Fig. 1 Effects of serum dilution on linearity for the hepcidin-25 assay
A : Low concentration pooled serum, B : High concentration pooled serum, C : Antigen solution dissolved in negative serum

L7zkERs 70y ML A s il L7zs 2

%, BE 7210 ng/mL ¥ TEBHASE LN, F72, 25 -

ANT Y vEEEE (BYIE e T Y Y v 25

PWEABEBLZb0) BEOFRIEE LRtk 201

GO T, BRI 10 B RS A BRUA AT\ A BB AR 1

EWRL72E 25, BE2230 ng/mL T THA P

2 RN S 7 (Fig. 1)o S

()T V259730 ng/mL A0 b D, ©

3) AERE 5 | y =20.658x075
12RO 7 — VG2 8 L TH£ 45 HF 25 :

2L, A% W E O P (ng/mL), i % 0+ : T T

CV (%) & L T Precision Profile #1E# L CE= R 0 10 20 30

WABH L7z, CVI0 %5 & R 713252 ng/mL T Hepcidin-25 (ng/mL)

H o7 (Fig. 2), Fig. 2 The lower limit of quantification
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BN h o7 (Fig. 3).
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Fig. 3 Effect of possible interfering substances in serum on the hepcidin-25 assay
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Fig. 4 Correlations between ferritin (FER) and hepcidin-25
A : Correlation of all samples, B : Correlation by medical department

ICRGoTBY, SR ama 2o s LT s
PO Y MDD TR VL Btz B
MR L o7,

A 7B RN MK O A O BB R IR
MCKDTHY, BlETHr V75 AEFICLD
ANT TV 2BOHRIME T RBFEA M &2 Tl
NTTIVVBRBEO EAPREI - TRLEEEZD
N7zo eGFRVET 5 & & O ICE S OSHE X
WL, eGFR#%60 mL/min/1.73m?LL FiZ7% % &
WA E IS BEEREMASES 5, 30 mL/
min/173m* L Fi27: % &£ 4 OBEZFTEREA Mm%
BIETHEEbLNTWAEY  BHEIN TEPO A
PETT5 L, EIMIZBIT 2 8HH O Ok 5,
MIEEIEES LA T2 2 LIk TAT TP 25
RS LA L, WS S ORI S S 72
O, FERMICIFEESOWIMI O %8> T7 2) T~
BENLATLEEZ LN TVEY, S HENTICH
W BEBRAED )L, NT Y 2555100 ng/mL
Bz 5 &) ki eGFR <15 mL/min/1.73m?
OFMBE NN M7 2 BN EEDPKEE HD Tz,
F72, CKDEZEIZBWTTIIRE®EY A b AT
HHIL6ENLTANT VY Y OEEDPREST S Z
EDHOENTEBY, FHItko THAMREEIZL S
Tx)FUREO LRI > T LIRS E 2
5N, PEDZ NS, ATV VU 2B50MEE
ERRRIKAF T 2SR E W LAY ST,

—HT, MENEHIBWTIE, EIEEIEE o B

NELEHEOTBY), INODBREIZASNLEH
EMPEEL, BEEmE [k, SFH O ORsFR
NTTTUBREN AT LEFEONTENY, £
DFERT ) F VIRENP EAT 5, TOM, $3FEk
MRS, FAEARERMSEOR ~ OB MO BER
EENTBY, EEOWRDIEL <, FRFEFEMY
72 ) FrOMEMAHN > TwbEEbhb, H
2, TS OFEBICHE) BMIEIWIMISES &5 %1%
Twr—2bd ), SROMHEOMEE 12K & L
L7zDOTlEmwhe#Ez bz,

PEoZ &H 5, JCA-ZS050 HENV I HTEEE 2 1)
FZ A % BioMajesty™ ZERO # HH\W 72~ T >
5 HERIEOEARMEFRITBIFCTH B L HIW L 72,
Gtk NT T Y 2BOBMIKRNAE R Y S 5 ICFEM
WZHGETS 72012, BiEfE e LT, hokiH
HRBEWRE2 a0 T — I N— A2 VTS LEER
M &2 fTo TVETVWEEZ TV,

WIS, NT VB ERELRNIZBT B
A2 HAT 2 L CRANRBFIELE o TED,
F11R° 2 O D SRAH B 5 2 0 5 Wi o Jm HE R
HIRNREOE=5) ¥ 7 IR OHHRO~— 7
— X BWREMS TSNS, S5, Wb Bw
TSR T 2HEELLTATTI IV
BOTITZANRT ¥ TR MO - s
T OMRRREBEDHED SN TWwWA R Y, FOFEHEIX
WAEE S TVD, GRELBRDENTT I V25D
BRI % B3 R CORGE & el 72,

91



R & HEML 51852

4. ¥55E

JCAZS050 HE AT iE 2 ) F 7 4%
BioMajesty™ ZERO 2 & 2~ 73 ¥ > 250 % 5 3%
DIERMFEIZBITFCTH o720 518, ~NT VP25
DE 5% LKA AESHEHSNS 2 LI L
VAR

B

RFGEDEFTIZ 72, FET A v ARk
REALOWHIZ LI THE, THHEEHEE L,
AL L T

KX DFEFRIZBHE L T, BRI & COIBIRIC
HOLEELZEEDHY T A

92

1)

2)

3)

4)

X Wk
By RR. BMHEIMm HANR S
2012:;101:1318-1324
KA HEA NTVYV v EREEIm HARNE
FaEE 2016:105:2450-2457
Babitt JL, Lin HY. Molecular mechanisms of
hepcidin regulation : implications for the anemia
of CKD. Am J Kidney Dis 2010;55:726-741.
Kanda ], Mizumoto C, Kawabata H, et al. Serum
hepcidin level and erythropoietic activity after
hematopoietic stem cell transplantation.
Haematologica 2008;93:1550-1554



EEFetaA & HBfb Vol.51 No.2 2026

iE #l GGT/AMAIERICRERICZRH ERMEY/OTOT ) » MED—F]

GCT &M AIERICEERIGZRSTC
FEFE4~o0507Y 2 MmiED—H

A case of Waldenstrom’'s macroglobulinemia presenting
with an abnormal reaction in GGT activity assay
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Protein fractionation and immunofixation electrophoresis (IFE) of the patient’s serum.
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A. Comparison between patient and control serum.
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—O—Patient serum  -41 U/L (<Rept)
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—x= x5 52 U/L
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Fig. 2 Reaction time course in GGT measurement.

B. Comparison across dilution series of serum samples. Photometric interval is shown in gray.
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Fig. 3 Turbidity formation in the GGT first reagent.

Patient’'s serum (right tube in each panel) was mixed with the GGT first reagent at the same ratio as the
actual measurement condition. Normal saline was used as a control (left tube in each panel). The upper
and lower panels show photographs taken from the top and the side (horizontal view), respectively.

A. Saline 300 pL A. IgM-R2 300 pL A. IgM-R2 300 pL
B. Saline 500 pL B. IgM-R2 500 pL B. IgM-R2 500 pL
C. Saline 300 L C. 1gG-R2 300 pL C. IgG-R2 300 pL
*k{{ ‘l*‘(
Patient serum Patient serum Saline
100 pL \_/ 100 pL 100 pL

Incubate (37°C. 30min) Centrifugation (20°C. 2,000g. 10min)
Collect the supernatant (150 pL)

4 4 o

IgM/IgG depleted
serum

Control serum Negative control

Measurement of GGT and IgM/IgG. Immunofixation electrophoresis (IFE)

A : IgM adsorption (1:3)

Control serum IgM depleted serum Negative control
IgM 355 232 1 mg/dL
GGT 13 30 24 u/L
B : IgM adsorption (1:5)
Control serum IgM depleted serum Negative control
IgM 232 95 1 mg/dL
GGT 8 31 26 u/L
C : 1gG adsorption
Control serum 1gG depleted serum Negative control
IgG 40 90 139 mg/dL
GGT 10 18 9 u/L

Fig. 4 IgM or IgG adsorption treatment of patient serum

The upper figure illustrates the protocols for IgM or IgG adsorption treatment. The table presents
IgM or IgG levels and GGT activities of the patient serum with and without the adsorption treatment.
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Fig. 5 IFE profile of patient with and without IgM or IgG adsorption treatment.
Patient serum was subjected to adsorption treatment using IgM or IgG second reagent
(Dilution condition: 1:5 for IgM and 1:3 for IgG). The resulting IFE profiles are shown for
the IgM adsorption series (left panel) and the IgG adsorption series (right panel).
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Fig. 6 Change in reaction time course with and without IgM or IgG adsorption treatment.
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6) MiRuDa D&l 7 7 7 2—DHERE
FUMEDOT =51, 7775 —pHBEMETHY
777 F =R S AEEE L Tz, IgGUAE
JLERR 2-MEJLER (52) 12X Y, pldiEMHEIcE L,
NI IR & Il LAl L T 7z q i mER
2L o7z (Fig. 9o F 72, fRNTHIRIN o[ —
HOWERHR (FHRERCHHFHEERR L) 12
SWVWTh, ER7 77y —%EMiE L7 (Fig. 10).

Stringency of
the condition
Condition 1 < Condition 2
2-ME 2-ME
50 yL 100 uL
Patient serum Patient serum
300 pL 100 uL
I [ |
Room
temperature 37°C 30min
30min
Condition 1 Condition 2
Control 2-ME treated Control 2-ME treated
GGT -33 18 13 8 u/L
IgM 1200 1635 696 1182 mg/dL
I1gG 293 282 107 85 mg/dL

Fig. 7 2-ME treatment of patient serum

The upper figure illustrates the protocols for 2-ME treatment. The table presents GGT
activities and IgM or IgG levels of the patient serum with and without the treatment.

S 20000 S 20000 —
=4 Condition 1 = Condition 2
[=] i > -
= 15000 main wavelength = 15000 main wavelength
a | 00000000 L ko 4
< 10000 < 10000
@ o | g o S
[&] o
& 5000 & 5000
2 2 1
o o
é 0 é 0 Laa -
0 5 10 15 20 25 30 35 40 0 10 15 20 25 30 35 40

Measurement point

—A— 2-ME treated serum

—O—Control serum

Measurement Point

Fig. 8 Change in reaction time course with and without 2-ME treatment.
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20000
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15000
® Patient data
o 10000 B IgG-depleted serum
O Control serum
----- Regression line
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0
-5
20000
B.
15000
® Patient data
o
10000 A 2-ME treated serum
A Control serum
----- Regression line
5000 —— Discrimination criterion
0

-5 0 5 10 15 20 25 30
p

Fig. 9 Changes in the plots of MiRuDa evaluation factors (p, q) for GGT activity measurement in the scatter plot.
A. After IgG adsorption treatment of the patient serum. B. After 2-ME treatment of the patient serum.

20000
15000
o 10000 ® Patient data
----- Regression line
— Discrimination criterion
5000
0

-5 0 5 10 15 20 25 30
p

Fig. 10 The plots of MiRuDa evaluation factors (p, q) for GGT activity measurement during the analysis period.
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®| O B E)mEk3#r2ERE Alinity hg IC & 2 2LV {E T Cellular HGB (cHGB) BIEDFE A

BEImERSITEEE Alinity hq [C KB EURETD
Cellular HGB (cHGB) HIEDE R
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14.0
o | ——HGB CHGB =t i EHGB
100
2 50
5
& 60
%
= 4
= 40
% 2.0
0.0
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@ : Colorimetric hemoglobin concentration HGB (Alinity hq)
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Fig. 1 Lipemic interference test using Intralipid (£ >~ F 5 U R AGINEER)
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Table 1

Comparison of Colorimetric Hemoglobin Concentration, Corrected Hemoglobin, cHGB, MCHC,
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EENE) 4,109 1090 23.70  46.00 8.38  35.37 10.82 7.72 44.26 31.63
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