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FHPNXAIENE—REAT CRIERMEAREIGREA) N5, REMAEMAMEMRK, B, HERkmk E848R7
AR, ATRMGE, FAMD, REMONBERETZ, RIESHIITRE, REMRIGREIEE INE—H# N BRI &RIR,
2019 FRHBH (PERERMEFEHR) , BAREMBITAISEURERFRMTSERIE, FIXERNREMFREEPERIRE
BT T B,

ARAFFR M B AR K Hllm R EL A
B0
RS EF R R ERAS

FRBKMANENBK I E IRPRE BRI A, ERREFTET WASHITRNENEEIRE. MELREZRANARK. HE
o @, REMPNBEEETZ, REMENEAMEME, BN, MEEbkmk D 2ARRAR. BRI, REMEE
AFmAEstT. mE., miE mRMRE) IREFHREMA, BENARBEFRANLE, —LRTANERANIEt
BUTHREMER, MMSMEBER. HEBTE. BEMGSY. FRIEEFNAEURRSNMBE S, EdE01+5F
o, FARMEMEEFACNMZONA, ERRABENMERNEIGTEX#HY, B POCT FmRABNETE, I, FSHIM
BEEREA RS, REMAIRRNABEET AR,

BT/ ZEBXREERMEE. MEFH, EHRKMTEARESER, BHERARMRINER. HRERERS, FHLRHEMD
RETE) LBHGAR TERA R iR, SERPKMAALL, REMFEMARRS, NXREIEZRFEFIE, ZSBNERERITHE
#, 2019 FHEEMHERBENDS. ) IBHERRREFERZREMEREARBLSHEEMHSHRFET (PEFRER
MIREHIRY , ARBIRITAIEURERFREHTSERKIE, SERSREMTFIERE,

Sopsfkmatt, REMATLOETE2MEENSMRE (WNFE. BEE. FEIAMER) BMXRE, HEHB. RE. N
BREEH, BEETTETUNERAR. BMMNRERMRMFELERIENSRERI/RIVESIER, B AELTERME
R, BEFEEHMLUREREK. FHIESRABYNER, AREA—IHSIRERMIBBATRE. FESR. TER
k. BSE. FEFEMY@I, RERNMFERIFRIREMFERERE, RERONFRIREEHSTMN=KH.
MMt ARIIEEZ 2. BREE. . TRENTeXMmEE, SEMENRERME. RENRERDBNEIHYER
RMBYERFKMEZ, MHEMNRERNBZ—REEFRNREEBE. FHAARE. HIEFD. —RAEERAFFER. RERMAFEE
KEREEFERAEMRRERSE CRERME) . FOER. HMEBMRKEFRS, SHENAF, EYREQNTEREFARME
FFEAERA (2. M. MEF) , EFEUORMBOFARERS, ASCREXREMFRRERERIIREHTTHR,

— FHERME ERAETXRME—H. B, HhEHENaaSRIEARE
RME, FJLUEFEHITENEEMERE, BOAE. HAER
5, BREYZ2RENEN, BEKIRENEBHtEH
BRI, R MAS AL B FH8Ak I,

KRERMEBER. ERMAMFIAR, BTFWRERKE
RIEBRIBRBMER, ERRMFIFRE, LUHR TR
BHER; EERAZIEL; BERGSREHKNN—RIE
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HlEAREMBRIK AR, BIGRERMEZEDA 200
uL Bk, WRASRERRIZIIENELR, STRAHI TR OIRBME
FME (BOKM: MEBEESBRROER, BEBLHA
6000 ~ 15000xg, Z/LEL 90 #; TEMDBEREMBES, &
INBITI7T 2000xg, ZEBIL 3 ), S ERIMIE/ MR K
BEM, —IUERTE R I 7 R L L RAT X A9 BB AR
£ 200 uL REMATF HIV 1@NBAITH, ZERREATE 201 B5
5&% 90%RBE | iRFHE, WEMMEFMUEE 196 pL,

g biff, RERMEFERBTET. FRREREN
REFHKMHN—RIEERETRMENRR, ERRRIREFIE
MBRERGHENZE—HFN. BREMTPILI, ML
DATAFEAL AR I A 2 R M A A 25 R B A B ) ) EH F )y
IRMBARKETERNER, SHEKMASNEREIHEEE
=, BHFRER, REMREFDAIHIRX LS TRk
BE, ERSMEAERMSHTEIHRKIEINEZEKX,

BRRET) LBIBE R T AMRERMERERE, 18
MBI, mxA SHERNANNSEIITETEREES
M RENSG R, HA, HERMUERERMENMERE
T “AE” BHIRmE,

—. FmKFR#E

Fin4EkH% (DBS, Dried Blood Spots) & IMMEINFENE
FH E, BATREEITIR, BIENTmRhEXAS
AR, REZRERXITEYHNRNER, TR REN
MmERL, AIUERSERREEHE, T EREPRERE,
SATEVN, MfmERRERDERENESELEES
BHEMNE. BE+H/\HMEATERERERTETOLRATE
BRENNED, £ LHENHERREEARATHRERE) LR
WIEE, BEERERANER, TOEF AEEERE2E
RESH R FEPNEANEERRE. IERNATREEER
FHBFIZRMERTEZR HIV) « BEFL BERUR
RERRTE, T—ERE LERT #AN2MmEEA.

F e mir AR MERBERIFN—EE, Willemsen
LRI, M3 DBS WERYEAH C MUK T ZIaFE
RIFEIEXME (R =0.95) °l, MERRENBEL, FMmyitk
EMERNEE, FIUEEFREERATRT2M0M. FEHRA
KA, DBS EN C MAEEETRBREREFRE 7 X,
Johansson FABARERIANTIRERE 6 DRI,

BEFERNE, TORARERKRNA LDAEE—ENE
Rit, FREFY HCT ERWNMBIBIA/ NIRRT~ LA EAE
FEREZW, WFEERHRENNEERSILERR,

2 [ x#kSis | Article Reading Guidance

FhA s (NEEASRRERENLE) LANERENFE, N
FEN2MEHTEFHON EFeNRMNERE) , H
HARARTHNTT TR,

=, BEDRXEF

Novilytic AT FFER Noviplex HEMFEFEFE (DPS,
Dried Plasma Spots) BEfSEEREFMEK, FAMMEME
Noviplex £, MEEIDHENONHE, HADBE, A
WRRENSBRDER L, MRFEHBEEHIRERR
W, £ 15 DHRRTFEL. Noviplex EMFUEFEEMRR
WEERAME TS IRE, (&5,

—INEHE 20 NERBERMRRE, Noviplex RULEERIEEZS
FIF P HREAZBFEEE Y R =096, FIYRE=-
0.8 ng/mL) , ¥ Noviplex RIEER FEZF 2 AlG, MELRK
16, EBRAEKMPERN—HERT R =095 1, 5—I0
HREREE, F I FiRBEER =] LU i@ RN Ess
£2125E, EFRE Noviplex FHARURNEMELIZHES ME
E IR APRISHINELERIER, 7 DBS HARPERSD
WK FERRE, B8] UK RN BANEENRELES
&o. DBS AR REFABHN EERREHTRE,
ORISR R PRGN MAEAMNEEBE, #HR, Noviplex
RREE—ERENERTE, SrUEE—MS5E57 A
B RIFEBABIANR >, M Noviplex EEHARIIMAE
BH, MFMESRMBEFRFARESNRIEES, XMHRNM
BB R T EENSRRE, EHNTETREZEARE
FEIE A BRI T RE B PR R B A2

FESaIm3E REMBIE AL, Noviplex FIEFHFHAK
FR. BFBO. TRLAKRE. REEYREY, MIX&E:
meyFmALF AL, B B MR AT ARERR
&, Noviplex RIARETBUREERIFAFAMIMIZ, Noviplex &
MIZWERRRRAERENMAL. KIMNSHT. FEET. R
BEIFIE. ) UPIEE s EAT 2RI A,

g, ARRKHERFEE

BT EIREABRMMRER LRI, Neoteryx ARHEH—
iMEREEE (Mitra VAMS) , BEBTRZ AL ARIRmE
HRER I, ATFESWETIELR, VAMS EEGIE— 1
HFREKBEWFIRNERY 4 mm BERERIER, R
BNFTBRRENRAEERTR, RIBRIHA/NNTRE, AR
10 pL. 20 pL 3% 30 pL B9EEA, BRFEMaIUBTER. RE
FOM, RIBRE, RinTETARTIRERMN, TRLMm
RREE 2~ 4, BERF2F, FI9A 6 ¥, BHTF VAMS



A=, EE M REE AR EARRE, AT, TitEH
B, TREMBEARMEXXELBIREERARARKAEi
BHEILE 6 #h4<o

GSKA. HERFHERIVISEIMYNARFELR, 5
REEN T RESER HCT MIMEXEESY, BIEERmEN
HCT {E (RE 20%, &k 70%) AR VAMS $iEF~4£RE
EXm, KREMRERERYE, EOMIRNERNITEENE
IS E, MUk HCT BRI E, VAMS LHE4H DBS &
I EGF2,

WFIFTR, R/ NAIREATR B RYES AT feE i
REDITHIRSEFHREUE (DBS # DPS WHEIREEANE
%) o HNNPrRERN S MWEREFIRTRELN 40 ~ 50 pL, X
FLRTAEIE VAMS SREEMY 10 pL 3820 uL AR 2 ~ 5 & X
PNELRMRE TENEN SRR, RERAGHERRMEMRH
FERY LC-MS/MS 5§ UHPLC-MS/MSE032),

IRIERHIITAE, RHEMIBIRKREEZELSN (FIS0KEE
FRBFEZWX) E—RENRMERIRES, BTG
MEeT At skEE, REMANAEE bR, EXE
BRARSAEN S, (DHEEABHREEUBRENTUBE
WATESERENIFE, FINIGRFIRGREIZMFR. B
BRNEENHP MM BEHMERERENT R, RERMOE
B&ENrZ.
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FHNXEBE, ENTSRAPETEENSEXH, HINEREMT hXEIE, XEXXMEARRAT : REMSEHKDEIRKGLE

TE LBILbER, RABMAZEMATEIRARCILTE FRLLE, REMEMESONRERHNE, FREREMRETSEURFRRIES
R M REFEERIMERE,

SEVHBERE

Schalk E, Heim MU, Koenigsmann M, Jentsch-
Ullrich K. Use of capillary blood count parameters
in adults. Vox Sang. 2007 Nov;93(4):348-353.

mE

BERMER: REMFZRE LN RREREMEDER
MR ERME MR, AT, BEAREZREFKIMAY
N, AR T RAEMAMERBKMABRE T4, LIS
IEENEMHRE.

MERAZ: BAIDTRE 428 BRESL (71%M0
RREE. 29%BEMRMERMAME) B 463 AFRMH
M (FEFH) MEKILEER, BMERZENMAED
ZiEREN, FRMBRDITN (Advia 120, FE) N
BMAEH (Hb) . MARLESE (Het) . B4
(WBC) . M/MR. £I4BA8 (RBC) . THYLIARAEIAIR
(MCV) | L4 Hb (MCH) FFIYLI4ARE Hb
RE (MCHC) o

£ER: FKEIMA Hb. Het. WBC. RBC. MCV #1 MCH
WEESTEKM [958 +02 mmol/L (+0.3 g/dL) .
40.02 LIL (#2%) « +02 x 10%L. +0.1 x 10'/L. +3.1 fL
#0 +0.01 fmol], TR MCHC #{% (-0.6 mmol/L)
M/MREEESR (-1 x 10°0) » RIMAMIEILLIES
FRIAAEIM Hb 7 Het EHFRE. 7T, MBI
R MEFEEREER,

&0 ERAMRREES, RE Hb M Het ERNER

6 E XEEE | Article Abstract Collection

ARERAIRARE X MFEENMENERmHEE, &
BIADHGATT Ho FMVMRIGER, RiEmAEK
mlé%%_&o

Yum SI, Roe J. Capillary blood sampling for self-
monitoring of blood glucose. Diabetes Technol
Ther. Spring 1999;1(1):29-37.

BE

MEBRERZFNRAPITENSE, FETHTERE
Min#E (SMBG) EIFTHARMBMRMEARSBFREXN
EE (nEE) Bxm. SHMAZE WETFHLNE
REFL) A8EL, BEFRMEIUMROKABFEIEF
B (BR) BMu NmB) REFR, LFELE. HE
BEEMANE, ERAMIRMHEEHITRERUN
m, MUEEZ LEERRGE, ARALBREAR
BAPRIF. FutBAEBURMEABIRSEME, MM
REERREBEENATER

Chace DH, Millington DS, Terada N, et al. Rapid
diagnosis of phenylketonuria by quantitative
analysis for phenylalanine and tyrosine in
neonatal blood spots by tandem mass
spectrometry. Clin Chem. 1993 Jan;39(1):66-71.

BE

EARE—TER/ MR 2 M5 E S BRI



o BIEETRMIEWRRERILE, RF/L0 RN
e, HARERVIER. L RERMNBTHE) LR
AERRAEREN T M P RR RN RERRERRIE
BRTHX 53 7 8l iR CNE S AR IAENER. TR
FERPAMERYER) Lo BUE AR LARIRNRG Bt S BB I fE
FEeEBAL, ERERERT IEHRE) LRET AR
B Mo

Heidari K, Hatamabadi H, Ansarian N, et al.
Correlation between capillary and arterial blood
gas parameters in an ED. Am J Emerg Med. 2013
Feb;31(2):326-329.

BE

BERMERN: MBS SER2% (ED) NE
WiEF. ZIENBERGEEREEN, HFJENHR
fE, Blgnmpd. RRZe. GRINLASIEE SHEIRKERIZALM
SIRESARNXE. AMRLRT REMAEAKLS
St (CBG M ABG) W&AR, LURftmDHRENT

Z=

ARo

MBS E: ELR/DEARS, (M SPSS 18 4tk
£ (SPSS, Chicago, IL) LbERT 187 BEFERRIZ
BEEMN ABG M CBG £ R, 8 FTHWESE
(Po,) « ZEWHDE (Pco,) « WIEE (BE) . Bk
BEh (HCo;) . MEME (pH) MIAZHFMA
(Sa0,)

£58: Sa0,. HCO;. pH. Pco,. Po, f BE 7£ ABG
CBG ZEIRMEEENFITEEXME (p = 0.001) o &K
I EHRKEE A 2 BB ARR 4R pH E 0.78. Peo,
0.73. BE 0.71. HCO; 0.90. Pco, 0.77  Sa0, 0.52, B
T Po, M1 Sa0, (p>0.05) Z9, HESHEBKFFE
MEAZEEEEEER.

£i0: MIERFRMHMREMNF RS MFREDSS
75 BN F R ERSRAIME X 1,

Parsons PJ, Reilly AA. Screening children exposed
to lead: an assessment of the capillary blood lead

fingerstick test. Clin Chem. 1997;43:302-311.
mE

FAVER T TN 3 ENHRER, ZARDAT
499 XFERRKA]E— R iBid 1550 K M A9 AR AW M 7R % A YR
(BPb) FMLI4ARAEINWE (EP) » 7EFO- BPb HE Tt

©2021 IMPROVE MEDICAL All Rights Reserved
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BEAEE (FPR) FERBAMELLH, £ 100 mg/L HE
T, FrEHUER FPR 1 13%, BIRFAMEELFIRA 5%,
RIS BPb HURMINENLLRRRE, BT /\NBE
B, FERMEBRNRESHANTE, XKL
B, BD ‘B2l (n=303) A “§B” (n=188) 4,
£ 100 mg/L BPb FORIFIIFET 8.6%H 30.3%HY1E
RE. KREMSEAK EP HIBMTELLEBESD R,
REAKRMY M S EPKM EP RESRITRER,

Brown L, Byrne RL, Fraser A, et al. Self-sampling
of capillary blood for SARS-CoV-2 serology. Sci
Rep. 2021 Apr 8;11(1):7754.

BE

MBEFRVEERA—MEBBANIA, @HKN
COVID-19 B&E. FREMRERMAER, KAWL
ZRFEZHESTIHISIIZIINIEARFERE
Mk, WURAEERE NSRS ER, RMELRER
REMNMFIRREHTORALURHTZNERA
=, M 39 BB5EKET 209 ISR
¥, FEM COVID-19 IgG ELISA ¥ SARS-CoV-2 §9
ik, 39 BE5EHE 38 BABEITIRE R BRIARIH
MEEAS (=50 pL) o fEFAFREBIRERERBKIIIIRIES
SENAE, LENREDERETFRELENENT
MBEELK E, K87 > 0.88 B9 Cohen's kappa %8 (i
FrEEM—EE, 95% CI: 0.738 ~ 1.000) » BRFEETE
R THEARBOKE 7 RAEME—8E. BI04
F=BE, 3F COVID-19 WIMERITHE, RIHMKERE
B—MAIRBAMTHEREIKFRIN A .

Sutcliffe CG, Palamountain KM, Maunga S, et al.
The feasibility of fingerstick blood collection for
point-of-care HIV-1 viral load monitoring in rural

Zambia. Glob Health Innov. 2018;1(2):3.
e

BT HIV AT TRSHENN, BEFSERTH
AT, EARMLRHITRERVSIEMNKEREZ,

BRJEEEE %A 200 uL HIIMARABEIAZE] 1000 $£01/mL
BRI TR IR, XTI BT E ARSI 7 E R L PR A X
BIRREE AFPSRER 200 pL RASMIAYATTHEFIR M1REFo

2015 FFH85 T7E Macha ERTHIT HIV E0FCNAIAL
FE Ao FEMBKEEMDD 50 uL B, MBRIED S
5ee (& 200 puL) « D FIEECEREHTERE

SHRIEE | Article Abstract Collection [N 17
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FARIREH <200 uL) FAZE (Bid1~48; AF
MRARMIAEFH < 200 uL) - 201 BB5EFHRE 90%
RFERFE, WENPUMNFTER 196 uL. HEIE
34%. 59%M 6%MNBE5ELIN T ¥, FOMFTEN
WE, AZHEEE (95%) BEWIBARMLMAEE
kR, BESA 200 pL MKNENISRSHENIRE
RNMXZAIITH, BHEEFINNEE UHERIEDR
B4 I 3o

Hjelmgren H, Nilsson A, Myrberg IH, et al.
Capillary blood sampling increases the risk of
preanalytical errors in pediatric hospital care:
Observational clinical study. J Spec Pediatr Nurs.
2021 May 7:e12337.

mE

BiY: MEREFEFEREBZKN, EM)LHERF
By D eI EIRFT R RV, AT EEBNZEWT
fERB MR MBS AT IR KR S & TR ILRAF,
HRBRRREDMEHREXNBERR, SESEN
@ RAR AN IR AR E Y.

RITMNAE: XPMEE) IRERARIRET 2014 &
£ 2016 FMETIERMMRFFIRENER, H1FE
EIRMIN DB 2 L 2P E0IAM 95%EEXKIE (CI)
BIVREEMRBLE (adj-OR) FHITDM

#R. BAEME, 7 951 MIRFERDPRILT 128 M
(13%) HRIEIR. REMARIEIRELFIA adj-OR 2
EnTaikiEs, 29512 354 FiRry 72 20%)
597 IRy 56 (9.4%) , p = 0.001, adj-OR 2.88 (CI
179 ~ 4.64) o EAZMERERITRIOS HFFIHEIR
REIEMEZERRX (n = 97/601, 16%) , MXTHIAE
(kg) SBEBREDTEIEIRXE adj-OR 0.66 (CI 0.50 ~
0.86) , REFWINMAENRIFIER. A, PBEHHR

IA szitEE | Article Abstract Collection

10.

BRI I SN E XS BERK MK AE adj-OR 0.52 (CI 0.38 ~
0.72) BRIFIER, BYXIRMWIEKRE adj-OR 1.08 (CI
0.76 ~ 1.55) ZBERIFER,

it XTARERE, REMRMDSEINDEIHEIRA
RB, 15, ) LEAREEIMERT SR,
MEMEHAEWEBEEIN T 2 AEEIRAR .

KHREX: XENEETEETFIFTRERSMIE LA
KMBENNIR. SMEZ, XPEARIERE, SHEE
% ROFRAK I SRAF R B0 SR MR EF RIS G AT LURL D LR
BRI TR IR E,

Peng Z, Mao J, Li W, et al. Comparison of
performances of five capillary blood collection

tubes. Int J Lab Hematol. 2015 Feb;37(1):56-62.
BE

B ZMARTTRARKMNLREREDS
(CLSI) Xff EP9-A2 LU EMKIERMETE) L EIEE
R TR MR AV I RERY 75 %o

FiE BREEREE, HMERRERERERMERNRR
MMM, #TEARE. G BRRIGEMNES
AMLUITHETRERNMERE, RAERAE. Wi
R EA RO TR E PR TR REMAFINFBIE
g8, WERBEEMEICNFATEN,

ZR. A BAERASE, RmMEE, ARERE
&=, MFFEY, FHE, mAmEEL,

ie: DERMROERT WE ROE. EEFS
Bk, THEGER WA FMRME. KE CLSI B
“ERBERENHELRABEG EERTRT
R M E R,

Griiner N, Stambouli O, Ross RS. Dried blood
spots—preparing and processing for use in
immunoassays and in molecular techniques. J Vis

Exp. 2015 Mar 13;(97):52619.
BE

R+ FIREMRFAERTmR (DBS) #TISMAVEX
ERTF—MELERT. MBRETES, DBS AL +EREE
EPEERRNISH £, THEAXREMRMNBX, 3
E) LIMTEE RSN AARE, BRREATA
HIEFEIFTAY DBS A, 3K, DBS MidTuHRZE



11.

12.

TMELHEERT DRITE, BEESR, BRTHE/LE
&5, G4E DBS AEMMERHENOTHIRNEL M RIR
B, ETHESR, RETERSMEEAMENIRER
F. R, H&EMBE; FIRMBE; DBS MEFNGSH;
DBS &R DBS HRtREID. ZIERNERIEE SR
& 1762 NECXILE/DBS #F 4TIV, EEMOTTES
ERMZ BT RHS. REFABREMALEBRERS
RANITEY. F2F, E—HURSMRPERT %8
M, ERREEER AN RA AR RS E #H1T,

Guthrie R, Susi A. A simple phenylalanine method

for detecting phenylketonuria in large populations

of newborn infants. Pediatrics. 1963 Sep;32:338-343.

BE

AR T —F “HEMIMHEIRE” , BFRR. &5
wNEemPRRRBRKT, KEHE) LBERMFR
TN UREE S Schleicher A Schuell n0.903 JE4E L; RE
BHEREBIEEAE/ETFHITE ATCC 6051 i
MIIRBE IR £, AEEKMBF (B-2-EHAIER)
Wi B2 SNRRERITE, BEARABER
BEPAEERKXNANMERFEEMENRER (FF
ARRME) . ZAZEAF SRR MAEFITAM
R,

Willemsen R, Burling K, Ackland F, et al.
Evaluation of a novel method to detect residual p-

cell function by dried blood spots in children and

adolescent with a recent diagnosis of type 1 diabetes.

ESPE Abstracts. 2016; 86:FC95.
HE

HR. 1 BRERE (TID) WASHAYMFALSENRL B
#AEThEE (BCF) TF&, X5 BiFaImiEzsIfIE ey
KHHAER X, £4iL, BCF B&T C MNFmEE
BRAEMERE (MMTT) MRESEITMER, BF
BLANBEASR. BINART A ERNE “F
myt”  (DBS) &Y C Bk,

B BRERA—MHARONREIZETA T1D #9) LE
B%% 5 BCF,

Bk 26 REWTE 69 ~ 165 % (10M; 16F) B TID
SHETELZHE 6 TARMIZEE 12 TERETT
MMTT, £ 0 2¥0H 90 2 $hESXTE:HKFN DBS C RR#1T
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14.
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Foxg®ts, M C BVANETLLERIRRER. 7£ MMTT Zid],
BAEREWEREFEFIER DBS C BANEHE,

£5R . DBS MM C RKFHEXEREF (n = 85 xS
2; r=0.95; p<0.001) , EEMARIEH, FR23
ZRES, FEZIHENEEARNNS=EMES DBS
CRt. 12#/E 6. 90 12 MARIZ=RE DBS C BAkFE GE
E) RO a 514 308 (< 50 ~ 834) « 210 (< 50 ~
1299) #1272 (<50 ~ 967) pmol/L. TELABSEIFIEENE
ERHIEER 21 BIRE DBS WEEFML CEE)
24 (8 ~ 29) RWZTEIAEEF, FHEMES DBS C
A Z BRI A E RN 5 67%H 71%, D518 67%7H]
43%ZEIFE KRBT M. DFE 19%F 5%89
ROIFHE T TR EENESHEZ BN EZEEE
B, REEHERNERENENEBEmMER. =B
DBS C BBV TS MMTT (r=0.80; p=0.002) FFR C
B/BNBTELE (r=0.77; p=0.004) BITFFEELIERX.

Johansson J, Becker C, Persson N, et al. C-peptide
in dried blood spots. Scand J Clin Lab Invest.
2010 Oct; 70(6):404-409.

BE

AR ENRITETOE (DBS) HAZREZARTF C
BXHTe M 198 BIEERSZIXEFEUER S-C-RAFIRIIHY
SMERR L. TR AEMER. 78 S-C A
BHSEEENZIR BRI £ 156 B (~80%)

SIRENTFEREMER log-DBS-C-BAAVE AT,
fEREMERE CERR) MZHEERETIN:  (og
S-C-Bk = 1.696 + 1.367 log DBS-C-f£+0.058 (fifzAdia)/
A) + 0014 (Ft8/10 &) o ZARNEFRBABRHRITT
RXIIE, £ Bland-Altman &, %GR log DBS-C-
BXFD log S-C-RAZIBINTEIER, BikH 0, —BRA-
0.18 ~ +0.18, 7~ AEFIRH log DBS-C-BA{ES log S-C-
MESELZENFYERNN-001, —HERH-020 ~
0.19, DBS A NENREENNFIE C-AK 044
nmol/L. BAVEHLEE, DBS-C-RAAIBIEMNIER p 40
FETHREM—EIRiEIRI0. C-RATERE LIRIFRES 1N Ao

Lehmann S, Delaby C, Vialaret J, et al. Current and
future use of “dried blood spot” analyses in clinical
chemistry. Clin Chem Lab Med. 2013;51(10):1897-
1909.

BE
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15.

16.

B 1960 FALE, ImKEFHR—EERNER ERRA
Fmayo4r (B “Fmst” ¢ DBS) , FEAFHEIL
i, MABETES, EMIER DBS NE8EZEk. N5
FHIBERTEANT SRR Y. REXMIORAER
RTLHBRRNNEBERSR, BEHEAERZER
B EXE, MBI DBS KATEIRKKZEHRAIT
R, HHE T HEBUE SR 5 A S TR B,

Prentice P, Turner C, Wong MCY, Dalton RN.
Stability of metabolites in dried blood spots stored
at different temperatures over a 2-year period.

Bioanalysis. 2013 Jun;5(12):1507-1514.
BE

R ML) URERREMRNES LC-ESI-MS/MS #
kB TRERAREY S, FMm (DBS) RHER
PREMEYER, BRKEREMEIIERLD. DBS #&F
AERERE (FE[RT]; 21C) « -20 F1-80°C, fFA5
SEEMRERMUERRE, REWE 12 MHER (0 ~
104 /&) @it LC-ESI-MS/MS #{T73 4.

HZR: TR PMETHNEYRELEEFAFREETE
, NEERTRETETWN. EPMOMYNETES
M REREIG ISR

£518: 1 RT PEEIEL DBS AR ERETK,
RIERZERRNHAFT. REHERETHRE
DBS fAZiRYIZIH. DR REES.

Jager NG, Rosing H, Schellens JH, Beijnen JH.
Procedures and practices for the validation of
bioanalytical methods using dried blood spots: A
review. Bioanalysis. 2014 Sep;6(18):2481-2514.

mE

Fmpt (DBS) XRtf, BIERKEREDMEAR, B—H
BTFEMDHFENFRER, XMFEBE L5
i, BIAI=REEAETRR. MARBLE A RTINS
W, BESHLE, FEEHWET DBS RNNEEE
o W%, XEHPEEN 68 HXTFEEMWEAZ DBS
RS ERNEIERE, BREWIEN ZEEFEERK
Fo FNEREEMARLEERRNIIE, 5, Wie
TET DBS WMBARREBE, HigftTHXMARIT
FOAEMI AR R L PR BN

10 A X#EEE | Article Abstract Collection

17.

18.

Sharma A, Jaiswal S, Shukla M, Lal J. Dried
blood spots: Concepts, present status, and future
perspectives in bioanalysis. Drug Test Anal. 2014
May;6(5):399-414.

HE

AR ENILES, FhH (DBS) RERAEHAEN
MEBEYDITPN—FHEXTGE. £ DBS FHiEF,
MEEESAERLE (BIHRENE) . FIEE, &
DB MA D, ERFHERBENRGEHITOM.
DBS KA MR, MFENME D, TRAMEEFT
FEHRAE, BHENOTRERE. MeEiRRRE
IRREEUAR BT ARTE RN EY B ERE,
FEHENSEENRMER. XBLARRAT DBS 7
ENETARER, XEFEEAUEAEN A ITUIHARA
R—PEO. tsh, EHRITT DBS FHAEHNRENS
F (PK)  BITEaYMEN (ToM) « EAHAHFE
(TK) « FOHHR PR RISHT S mRY B RE AR .

Koehler K, Marks-Nelson E, Braga CP, et al.
Validity of plasma collection cards for ferritin
assessment-A proof-of-concept study. Eur J

Haematol. 2020 Jun;104(6):554-561.
BE

Bir: REKTEHRS MU KEERNVFE LR
HREW, FARNSEENZEN TR —FHRImE
REFESEATHEINTERE T,

Bk 20 BEREE (10 710 m) 857 XIMEKEH
Fo MEIEFBKRENDETNEREAMMAEH,
ERBE %, H NoviplexTM EMZWEFUK
RIHRIME MIERUREE MR,

£58: @ NoviplexTM IREMIERFNENHERS
BRSEAZEFEERAN BT [—HHHEXARK
(CCe) = 0.96], FIYMEN-0.8 ng/mL, SEEPKHE
BH48LL, & NoviplexTM FHEEE Ti#7F 2 BARNELE
BIIE, E—HERGF (CCC = 0.95) o FAEMAIMmLT
EH (CCC = 042) MMAMLLS (CCC = 0.25) 5Fk
BRI —3o

510, SHRMERMEMLL, Noviplex™ FRIHHEIHRE
BRERHT GENENSR. RESGESSE5EE
T, BUEHIEAPHIAFRESESRE.



19.

20.

Lombardi V, Carassiti D, Giovannoni G, et al.
Theme 7 Pre-clinical therapeutic strategies.
Amyotroph Lateral Scler Frontotemporal Degener.
2019 Nov;20(sup1):217-24S5.

HE

ZAOPHEZIRITIEER (NDD) 8K, M7
SNELER RN IERSHER, HRATKHNEE
£, RIS T AN R RIX N ERIEIRN 2
—o BBER (CSF) RHETHWIFBI~YNEZERE
B, TEREHEAEE PIELEH T RIFRIS CSF AIRERTIE
Fr, ELEIRATRERRERAEMAE B XN ETHRRFE
SHIERRR, =AM REEHERN T AU ER
fETEMEN A R, Noviplex TIBE (Np-DPS) FIiE4E
LHFmE (DBS) B—MizfZ. PuE BB BYIRENIM
RNEEANSE, BTFEEERNAETEREHN
BAES Y. RIEEERRWBNNERENRENL
fE (ALS) BE®, FATEESERBNEERND
#r3RMi DBS # Np-DPS HlitRPg 22525 (Nf-L)
WRIX, StiE NEL MENEEHTHER, SERX
B3, DBS #1 Np-DP RAIAFiZfERMmMANE NfL, fF
FAR B Noviplex DPS RHYMEHARNE NEL 5 MAEFEIML
BRI PIRISHIVELERER, M DBS HERRFIE
B2 RIKERR, BEUXIITE ALS BE,
DBS M AIRER R EMEA BN B IRE#ITINE
i, AEERERRENNAEANBIERNN, M
Np-DPS REZE—MERKEHIE, ©F UBHE—H
SE4 MR R E R IR TEX 53897 .

Wolter M, Russ M, Okai CA, et al. Comparison of
blood serum protein analysis by MALDI-MS from
either conventional frozen samples or storage disc-
deposited samples: A study with human serum
from pregnant donors and from patients with
intrauterine growth restriction. Eur J Mass

Spectrom (Chichester). 2019 Aug;25(4):381-390.
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21.

IMPROVE REVIEW E8EE- 00 HRE

BE

FEARMARENIEE R &S FHIT B EERR
HWRE S, BENEAREEERNNE: —M22
FHBANME, 5—MREEER TARMTENMm
Bo EHEMNIGKRIFRAMELSSIME SR, HbEE
EERTEE, A Noviplex™EHLUAEX—ER,
MEEHR—BRRHTIR, MAIUETERTHENE
HWo M “FIEWRR" HEFBIMMEEAR, S5EM
WEL RN ERRNIE N RRBN SR ERILE
Y, AR FHEAOERE, SUNEREKZSRES
MATBMEZ BN G, XMEEETIME, ORER
RMMEEFENEE S, T ISANERRS S
WEZEMNER, HITFANMEMESRRET #F
M4, KM TETFREEHRFEENMLENE
Bl PR XU 1T

John H, Willoh S, Hormann P, et al. Procedures for
Analysis of Dried Plasma Using Microsampling
Devices to Detect Sulfur Mustard-Albumin Adducts
for Verification of Poisoning. Anal Chem. 2016 Sep
6;88(17):8787-8794.

BE

HZHEFRIT (SM) WIEASAMEBRER (HAS)
FEEHENINEY), KREZILMNPE MR EITED.
EMHPHRIEREMNLIRHIEIR, HRRBTSES
WEROETFIEWLNE, XEERFESKHENE
MIOX X ERISHAR. B, RIINETFRE
RISV DR, RIS AR T B R FR 8 SR
B (Mitra i& & Noviplex DUO £) REEFZEBH
PREIM TR, B, Noviplex EEAUEREE
BONMBEATMAEMFSBEME, mMRREMFIEN
KBACHSEAMLIE, F~4IRE HSA-SM MEHIM
IR B R Z B2 E-CysPro (HETE-CP) , &I
ABREEE-BBHEBESBKRIE (ULC-ESI
MS/MS) . WFFEIRE, BET SM WERKRITH
BEM (0025 ~ 50 M SM) MIRGFHIEE (<
13%) , FHEETEMENEE-MEFHEFHEIE
ER2inE. E=1MSEH CBHSUE. FRAMBME
PRIE) S TEINERH SR, HSA-SM il
EVETRIRGELEFHIRELEERED 9 Ko Al
B4 RIFRRF B S HENERE THEEMER, FA
TEEHAT HSA-SM INEYIHITIRIED Y, FELERE
TEERSEERS,
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22.

23.

24.

Denniff P, Spooner N. Volumetric absorptive
microsampling: a dried sample collection technique
for quantitative bioanalysis. Anal Chem. 2014 Aug
19;86(16):8489-8495.

BE

FIRRHERE (VAMS) B—MRIGATEREY
ARBNFIFREEFTEE, ERRTEFARESTM
B (DBS) #@mMERRENIYIEEM. VAMS K
BT 2 ~ 4 DARKBEEFRNMAE (~10 uL) , 7
20% ~ 70%HI AR LL B SCEREIRT W/ NT 5%, KRif
FRIFNTEF MR, KB IEERAREY2MmpmE
BB EFRERE. WEFERNRERERY, BR
B S BEIRAZ RIS REIER.

Mano Y, Kita K, Kusano K. Haematocrit-
independent recovery is a key for bioanalysis using
volumetric absorptive microsampling devices,

Mitra. Bioanalysis. 2015;7(15):1821-1829.

BE

BS: R UPLC-MS AT —MHBMEREES
MitraTM, BAFXTAZMAR E6005 1 O-XBEW A BT
B TER Do

R EEAIRMN MR ARRILE] Mitra BIREE, 2
TR B FATIREY, SAEMA UPLC-MS #2lle 244
FEZBE-K (101, vv) FHEIRERS, BEREEBEE
REMNERTERTFMARLES (Het) , XSEKRM
= Hets BUEMEARE. TRIGTREFIMNESLER
& 7S Het FIEIUEER, MMITE Het SEERFAERERH
HEE,

it MURENRTZULRSERERMARE Het T,
@ Mitra HITEBEN DT EXREE,

Fang K, Bowen CL, Kellie JF, et al. Drug monitoring
by volumetric absorptive microsampling: Method
development considerations to mitigate haematocrit
effects. Bioanalysis. 2018 Feb;10(4):241-255.

mE

B/ GSKA B—TEAIRKABFHNLEN. EXHF
BT —TMERARRMHERE (VAMS) 216 GSKA
WEMDNTE, HART LABLS (HCT) #8XH
ME R

12 [N X#EEE | Article Abstract Collection

25.

26.

F5ik: EREY 10 pL RS, 3§ VAMS IRSKXFL 18
Y, REREERIRNICERER, ERHIEES
FRZ BEETR-REERN, URERDERIS, T
THERE. BEE. &, XIXTHR. EF%. B
R, HER. HCT M KEREEHIRE M.

£530: HCT XMERETE 30% ~ 60%AIMAR HCT 5B
ER&/IME, HFEFRERIESEIITERKITNE. ZA
SEERT AL GSKA FIEE Do

Xie I, Xu Y, Anderson M, et al. Extractability-
mediated stability bias and haematocrit impact:
High extraction recovery is critical to feasibility of
volumetric adsorptive microsampling (VAMS) in
regulated bioanalysis. J Pharm Biomed Anal. 2018
Jul 15;156:58-66.

BE

FRRRUEREE (VAMS) 22— IRE R
R, BXHET HERSEY DS EHE . Ki16E
BEZRIAEX MK-0518 (FIERIE) #HITHSF
i, RILA5% ~ 52%HUIRENEINEE, BENMAMBLLE
(Ht) HBXRE, BEENE 7 XEFETAIEZNT
REM RBIFFRE > 15%) . ARKAMNBZING
EXRRHT VAMS TR, RERA, #tiEE. BRME
/S EMNEEREYE, mMERNREREE, &
B E RS 18 E) T SO R-RZEE (LLE) 5%,
ZHERMEE RO, R/ ot 2 (He SBE
7320% ~ 65%) MEHEZRIESREY, HRINEIEK
N ATS—MEEFRKENRELEY) MK-0431 (7
BHT) o RLLERRKRA, ZRIMEIMN Ht MM
‘FREM RFELEZ2HRTR—HAIRTERYE, K
EIREMRALE 80% LU EXFTFHIfR VAMS MEEEXE
B, BITENENTENDHRA VAMS Zai, ¥
Ht JR37 EISERIER T TEIHEN—E85, LUPREHART
EEMEN SHRE L RER X,

Luo Y, Korfmacher W, Ho S, et al. Evaluation of
two blood microsampling approaches for drug
discovery PK studies in rats. Bioanalysis. 2015 Sep;
7(18):2345-2359.

BE

BR: KR PK HIRPINESRF T LUEBIEREHER
i (CMS) SifEMA Mitra™IR &I EEFIRRI MR T,



27.

28.

#R: BRE PK HARPLALHIEMNE L SHIINR
CMS 5 Mitra RAFLERFITLLER, &I CMS KIFRT
B PK HIZ5 Mitra SRAFRGHIIEEEM. XNF 15 pL
CMS MEF &, EHRBSBZASFRLIERH,

e £/ 15 L BEEAEHEFNIR CMS IF
BEMATAR PK AHAES R, Mitra HERFE
BRMET SRS 10 pL MIRIERFIEARBT %,

Kip AE, Kiers KC, Rosing H, et al. Volumetric
absorptive microsampling (VAMS) as an
alternative to conventional dried blood spots in the
quantification of miltefosine in dried blood
samples. J Pharm Biomed Anal. 2017 Feb
20;135:160-166.

BE

KEBWE M 2SRRI 2RI OAR
By, ZREBERRRAZHXRIT, EXLERTH
X, Fm#t (DBS) BUER#HITHAENFHRAMET
BHENERBEAAR, BRATFREENMBTRYSIMEU
R BRI MARLL BENRIEE, EONYES
ESIATIIMER, FRRKNERE (VAMS) X
EEEARRIEEAR, TTRERRRT —3p0 LRAR, KA
FEFHWIET —F LC-MSMS Fik, BTEUKER
¥, VAMS 7E£RIE. BN, HEHRE (RETE + 10.8%
BIR) . BEE (CV% < 11.9%) . BIRE. %ZEMNE
BEMNAERREF. VAMS #REEEM37C TR
EREZEL 1 MH. 554 DBS Rifath, m4Raty
BXNE AN EFEE, EHTFHFARERAMm
AL A aHME, MAMLERIEMSBERETR, B
ERTIRRIIERIAZL VAMS 252%4% DBS KM
AEEEBERAYENEN S *o

Jones C, Dunseath GJ, Lemon J, Luzio SD.
Microsampling Collection Methods for
Measurement of C-peptide in Whole Blood. J
Diabetes Sci Technol. 2018 Sep;12(5):1024-1028.

BE

BR HERSEARET RO EFENERhMES
HREOVER, SHEREFNENTE, BTRENER
WIS MRESR, FibE (DBS) HEXRES
EBEEAZE, MREX5INT FRREIHERFEE
(VAMS™) , TEREFRIAT, 1B C RhEERERIRIE
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29.

IMPROVE REVIEW E8EE- 00 HRE

RBERDWBYESR, IRPRNER LB EAHITas T
Fite BAIZMRBAETHERERHEMNE C BKBVE
Wio

Bk WIRETIRHEROENMRIERE LD B,
ERSINFEMHERESZ (DBS M VAMS) EIBTUE
B ESHENMMERR—ESH C BRZa, MR
HERERPRINBHERRENRENUE, B
EXNRBNERS5SEMPRERITHR. BEMR
BIUEEEM DBS M VAMS, 2BIHMTE-20C FAIE
BTERE 48 \BE, BR—HITH.

53R 7EM3¥EA DBS. VAMS #& (f£ DBS fl VAMS

AR = 0.929 1 0.9231) HMRE C ORE Z[EH
RiIF—1E, DBS M VAMS BIFHERA 75.7 1 84
pmol/L. £ DBS #1 VAMS fi&7z 48 /N\BY/S, WERE C
BRBY/IMETRE, 25179 11.6%4 0.1%o

£510: (8F DBS #l VAMS &R C R5SEMERE
ETRHREFN—EE, ROAXWTEHREATWRENNE
C MNBMHERE S %o

Houbart V, Cobraiville G, Servais AC, et al.
Hepcidin determination in dried blood by
microfluidic LC-MS/MS: comparison of DBS and
volumetric absorptive microsampling for matrix
effect and recovery. Bioanalysis. 2015 Nov;7(21):
2789-2799.

BE

BR. SEMEMRNMBN AL, FlERDHE
HI A, CENZFNBTIERBESHXE. BFT4E
#1fy DBS, HMNEBERMERRKHERE (VAMS) B
L iRMAELL BRI, BERE K,

8 W T M DBS M VAMS MR A2 ENAIT
AR (—MREHER) BEiT. REITATHRE
RERIWEMt. AR TERBZMRMENE, HF5)
AR ERBRE.
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30.

31.

£5ie: BIEREA VAMS MBHEEFRRAASIRM THE
FMNNEREE, WRT —ME2BEIENKER
PALIDSE

Thiry J, Evrard B, Nys G, et al. Sampling only ten

microliters of whole blood for the quantification of
poorly soluble drugs: itraconazole as case study. J

Chromatogr A. 2017 Jan 6;1479:161-168.

mE

WMSTERNYART, BERE IR MR E R
BFREN= R ENREE, FRRUHERE
WMm)ﬂm¥W%W—0mmjmm)§m MK
MRREIFT RN E. AHRFRT —MHEEHE,
HEEA VAMS MEESMRIEERE (UHPLC) 58EKR
g (MS) BXAXMAMRYMAMEY (T2) #ITTR
IE. BERRIEMARA, MUNARERTULEE
ITZ WEMEIFINEMFIBE. R VAMS, 81K
BELREE/NME (10 ~ 20 uL, MARELN 0.2
~ 0.5 mL) , BEARHERN. o, BTUERBERIA
BRLBARMNAYE S, XIERTERNERE. £
KHAEYFIAERRT, BEFRIE VAMS FRZHH
REM. EXTARA, HIRM ITZ £ VAMS I
ERFRE 24 /BT, {BBITBIRENAIRERATE-80 C T
FEALTLUREME.

Protti M, Vignali A, Sanchez Blanco T, et al.
Enantioseparation and determination of asenapine
in biological fluid micromatrices by HPLC with
diode array detection. J Sep Sci. 2018 Mar;41(6):
1257-1265.

mE

W EFRT BB TERR B R T aT MBBREISHIE
¥, EFRE—MATFEIHYETHEREHITHER
TR %, BEMEREER. HYXIRERN
DBEMEE, —MEF _RERTINNSIREEE
IREIBIXBRER TS A, N T eI R AF SR = AR
TR FRINE . BELMWIR T OFMHERIFER,
AHETFERMER (FOMMNFmER) MAET
FRRKHHERFRE CRE2MMMER) . EFEE-
= G5 —HREXESERRE) SLXNUTFEES
B, RoBEEmREBE RN, RHEEMRE

11 [N XHEEE | Article Abstract Collection

32.

33.

B LB TS NEENAMNBRELER, 5RE
M¥RAFMRIEAEL, EREN. TENTEESE
WRIMHIEEER S EHERT, RMPEIRRIEHER
RER BV SR B IR 5 M 3R K a9 2 75 mER L FF
BBm. AXRENEYMDINGE, BREMT —M
HET BBV ERFERE, NEMERBTIIRE
NFEERRBEE .

Chang TMS. Use of finger-prick human blood
samples as a more convenient way for in-vitro
screening of modified hemoglobin blood
substitutes for complement activation: a
preliminary report. Biomater Artif Cells Immobil
Biotechnol. 1993;21(5):685-90.

BHE

EYPEIGMAEHNT2ENNRAH TSR R A ERA
W2, Rz GRES—EF AMRMRECE
BAIMERRAITRIE RIS, EiZidied, K RNMmAE
BIINREFRMAMKF, BE C3a KTENTKL, *HME
BE. ATEENE TEIMMASEAN AMREMm,

AR BEIRKEAZANEERR, MRVERE
BFHR. ARMTMA, A, XERIFLHMIMT
F, HEFRERAEAMEAITABRBERE,
KIARKA, ATUEZENFERIRREN V2 ME
7, IZBIATF ELISA BSEX SR E D aMAECE,

Déglon J, Leuthold LA, Thomas A. Potential
missing steps for a wide use of dried matrix spots
in biomedical analysis. Bioanalysis. 2015 Sep;7(18):
2375-2385.

HE

EREN 10 F9, HEXRE (X245 DBS) TEYE
FMRATHFTESNAE, SERN, RAMGE
NEREBRRS FIFEFEXN—ERE, REFS
NERMNE, MRERMRFREZS, REVHELD
BIEMBAMEHERIRARR AR, EFZMENSA
B, AXEENIE—LEREANSE BIREI/R. D%
LHRRPARTAMTMREFNEE) , XESBRITESRF
BRI ERFNERRTNRIIREMNIRRIZY D
2o
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IMPROVE REVIEW FRZESF

FEANEE R —RSRMXE (RATFRIBHEMRARAEMY , FEXAREA {Capillary blood for point-of-care testing) o ZSMITIET 5h
B, BARIMARBMESTRIENL. M. HRGR. RESFNNBNAEFHENER, BT EFREMGNH =R BERTE
RENRRARHRE, WRTEFHRANETLREMRNEREMA ISP ERY, HERETETR M IZENEEmEInh
PR AR

Rz A3 F- BB 4 K9 SR 4

R"E

FERARLE, MRERDHE 2B TFRESEN. FER, sPxMERKMRE TN SMERNEMITEY. AMERES
XEEELH. FEN, TRESEGENER, HARELINRARARHITERE, XEEXLEHETERTREERNIFE
B, 2T, FEMALUBEREIRSE, FEINMEEREN (PoC) RABRFHNNAE. AERF, HINBELITIET 5K
M. ERBMANKHEMAFTRIZAL. Ao BARR, REFENNAIRELENES. HR, HMEMTEFREDLENE~
AN AEMRIERENEFMRHRE, RMELRTETFRRGNETREEAN, EREMEZEHPRERE. &5,
ATV T EFRE MAYEIRNIZ R & EIRRIPE AN AR R R

XE|IE: KiEM; BNEIIRLS; HURAIRE, REFE; FiEAR
{E#&: Ruihua Tang, Hui Yang, Jane Ru Choi, et al.

FRXHH4b: Critical Reviews in Clinical Laboratory Sciences, 2017, 54:5, 294-308.

1. 3l M, fEABIRHRKFIBRRKIMKEE S 7% (AEAESEE) BERA
%, IRTHNIFEENESARHT, JRIFEER. i
Rils%, BREMMBELTRERR. thih, XERMIFE
FREGRHEAE MEFANZ/L) , AREERIMNE
WESENZFRMNE, REBFEAFAHT —MARKnE
BINFETEN, Eit, FEERNEZAS, — B ZREH
MREASFCREN FER. RENEFIZSHNRROEIERE
8

MEEBEREEXAGRRNES, TATENERKR
U, —RESRIE, MRS AEIBKIN. ERAKIMBARM; ShEKFIERRKI
FRAR LERIZNAFEMEHRN. FIi0, sikmSso
T—EFARBESER. BRYENRERSEBHNERE
BI, TESRK AN AT E B NAIMAERI SRR AR, BRI
WMAXRRRERS HIV) . ZEFXRS HBY) VILUNE
ERISIDMINA, FEERR ERS. RERS.
MERE) RFEENENNERSIRNES (NEHERER SHEpx Mk mALE, BESENTA (RMEESE) &
&, TRTEMEL) , ERMHAEXYEE (POC) KM B SHM STRRIRIRERIEN (J085R. BEER. FEIH
REELNIFER, FINBERREREFRHBITE, A BIEER) , REFERSB, RE. BN, FTREZNHRAA
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RigfF. EIt, FEMIENERIZEREREENMNERMR,
BEEARWES, N, KEMMAECNERZHFEUNE
FREM, MARMHEMMBLNNBERFARNESEHEN
B, thih, EEREMIBARAT mRNA FAE AL
ISR LB Z BRI X R, RIBIMITEM, TEIRK
KREUSS NREHFRRAZMIFR) NEHRF, R
MmEME—RAERTIZENMIR, A, SohBMEKMmEZE
18tt, REMEEFEREER/IGS, B, ENNAEIE
e uil=52 3

ORISR AR BRI AR AN HSEE IR T IE D & RIRE
AZHZENER, BRAENSEEENL MR (1) #R
AN, (2) BANE;  (3) DRETEIRE;  (4) QBB
MiAFMEET; (5) #ITHE. REMAGERBENER
HANEES, XEBBERAR_FREESR (PDMS) |
EEMAERIIBRIA, TE —LhRERGIR, RIBMEEMNIE
FRIBMINEE GUARMIAFIAERNG A, RIEsEEENG
MEFEE) , XA BRME T RER G SRR, 7ER0eY
KA (POCT) MEMARF, BEETFTHMNARRN
RN BN ARE, EARRNEAR (POCT) i TE S
BRI IMIZETR 9 RTRECS), e, —FigiRAe “whigE
MBS BHERFE AR A N EERA L WK, AT
SMEKFEFIZUERRB. TZNEEP, B DNA RXME
DNA BUHSHHFERREBRECESHBEIHAHE—F D
B, #5, RUBREEREBCEEKEAEER. &F5, B8
BRNEENEEEERE, ZAATTRREER. KR
&, EERMFLEMSBE, A, XMUBTEEEEC
MiEAHEER, RACREHRITEI B EREA. Roche
Coaguchek XS (Roche Diagnostics Nederland BV, Almere,

IMPROVE REVIEW EZ{E-ES0H®

The Netherlands) # Lactate Pro™ 3#7{X (KDK ‘AT #LES 1Rk
MERSE, CLIA iBR K980908, 7/27/2001 #Afe, ARKRAY
Inc., Kyoto, Japan) WESKMFKAALS, DR NLEER
K EAFIIFIZLESRED), Coaguchek XS {NESMITERIEE
BB EAFNERMEEREEEILER, XENEN
FHERATELE (INR) ZERENT i-STAT. AT, &
FRA—IRFIE LVFEREMENADERNZE INR, 7E Lactate
Pro™ A, MAFMARESTHENANRREBIERLE, T
HREMHEWEANL, BHET, MMEENTERR. BREE
HREISRUER, 60 #EERIRERM, ZNUETRM
BRSO, BEERRARTIGHITHEXIZ, 6
FARRAEMATIEN, RATIEERR HIV 5i/FS DNA,
DBEZE, BT HIV 00, ©ERKBAHERIZI DNA, R
ERHEHBEHEEAN PCR (GHIT TR, ZAEEE. R
B, BMEZ, XEMRRIERERYEMALEARRIZEH—
NMERERIRHNEATR,

Bal, BXROBHEASLTLREL A0 05N
21, EFRRFRMEME POCT BANBAFH FIZMPIEA®E
BART LR, A, WARENMLRRIR. EFRHEDN
POCT WEZNAMRNHEEAHITLELSR, EAXH,
BATEITICsPkIL. BRKILAAREMAETRIZNL, Lo #
K2, REFENNAMRSENER. b, HITBRATE
FHRMMA POCT MEREMA, HEKITICT AR
REF X, BIMBEMTZAFEL ERNFREMZHRS, 7
WIS T UKRIE I A BB RO ESE POC MEMIN AR
MitR, ARG, BT ERELERIZHPRERNS
KRREENERME. &5, HINTIETEFRHEMmME PoC
2R R B E ISR RIBE,

= 1. ShBkl. BBk, REMSK

gl i
m= (@ 0,. CO,) . £I4AFE. HA
4ARK, fa. m/MVRFIAREY) (NEERE. 2L
B, PR&E. ANEFSR#4E) LERBAR)

BRANEMRBEN, FERKIF

SRS IRk HERk. RSEHRK
sy (VRN RESH. GHEIE
T nhnENRRsEESH
BERT  BAEN, BN, EERG0PT N
HARAKTR A 1mL, JLE0.5mL 0.175~5mL

MmS (0 0,. CO,) . ZI4HfE. B
iR, R (MEEE. RE.
EF) MESEEF, EHR

BE&E, M. FENEE

SPEABIETE, HkBRLE

=3l Pl

m= (30 0,. CO,) . 4. B4
. R nEEE. LR, RE
E) . ETBETF (W)

E#E g WER. FE Bk F8
HRETE. FRIE

Tel. TfE. BREEER, THRER
Hipt

10~ 250 pL

MM, mEM GORHAMEITER) .

Mm-S, mEMR (W08 maAEt
), KN (FlanEs .
ZER. AEE. %EQ) , ExR
BFn (405h)

VAT mSo, KB EEkE)

R WNEBR) « £WicEY (@
IgE) . #%B8 (30 RNA) . MiE. HE
H. #E. #EER K ERFINER,
UREERET (f05H)

©2021 IMPROVE MEDICAL All Rights Reserved
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&/ 1. SRk, BBRID. FIEMBE ()

Bk ik A
RESEES. T BAEE, TF
E AR P
" R R T
RESREH, ERE, BEMEYN RESAGUMARED), BE
Fhes T e
P, BAEA SR, RAEA ME IR
51X [2,26,30-32,78] [3,26,30,32,33,36,37] [3,18,19,32,35,36]

2. ARLERRHREES

MBEREENRE, RERNMIAN, BEIFI4M
(RBC) . B4 (WBC) . M/IMRAKNEEREN) (W0F
BHE. AR, RRE. JIED |« RIPDUE. STMEMEQRE
RN, BEl, ERKIZETRATRENMIRHITRE
FREEM, LEBREMENS AR SFRIEM. KES
A MAMEAEAELUNRBENNEBIFREEN (X
1) , FIEERET BERFEMRRRNLAFERE.

2.1. mHBkImFNEERK M

HBkMBEEMR, MEBENAOE, 206, TOE
BEEF, mfkmBREIMEBHAEMBEREES. MK
¥, sHBXMEMS (W0 0, CO,) . A4AM. H4HM. MmMR
MREY nEERE. RE. DEFSLE)LRBLR) A
226, FRKIMAAY pO, 9 76 ~ 100 mmHg, pCO, A 35 ~ 45
mmHg, pH B/ 7.34 ~ 7.46%, RBC ¥ 4.14 ~ 5.02
101, FZARITEL5.72 ~ 8.14 x 10%L, M/IMRITER 157 ~ 267
x 10%L2, ISEENEA 90 ~ 120 mg/dL®, @EERFS
2. BESE. EMBKIEMNE Vasoview RFEMBEEIFK. &
ENBKSK B IRk EFRIBRAIUERTHRK I [B] 1(a)] 2202031, H&MIFRT
EHHEASEBEBEARALY 1 mL, JLEHN 0.5 mL, EERE, &)
prinFEAFEMMS. FTEECORAE I~ (NEERE
B, FLEE™) MK, BERSEFZINFEENESA
RigfE, HEBRAGENEN, G3lEmERBENHAE

(WNB BRI ARFNRRS) HIETERTRENE,

EBKIMEHERN, MIMNEMEHNAOE. SkmEE0
ERNF, FinAEERE, #RkMEFHANDS (30 0.
CO,) . £I4fE. A4, m/hiR. K%Y EEE. 3
. IRE. . ZEER) MEBBEFAMES, Eikimn
p0, 79 25.4 ~45.8 mmHg, pCO, /7 39 ~63.6 mmHg, pH 373
~ 74427, THAREITERD 427 ~ 523 x 101, BAAREITER
5.15 ~ 8.63 x 10°/L, M/JMRiT#¥809 187 ~ 257 x 10%L2Y, i
FEYINEERERGRE R 80 ~ 110 mg/dL>), B EFRF5T8507
FEAFTREBPIMNFED, RO E B FRIZARE

18 [&] it#Ei | Featured Article

ERRkm [B 1(B)lo #FARIE 0.175 ~ 5 mL 28], EEREEH
XA FEMMS (W pO,. pCO) | AR MR FR M
(NPT EEY) « KB GnmpEee. EE) FEA
BMERRERN NEEEBT®) . SehfkinELL, Fik
MASREENIE,. FLLB5IENERREN. BRNAR
BAEHRARARIHMOE, F POCT KNFKREFRHE
B9,

1. mhfkI. BBk, REMEFERRMRES ZE. (A)
() . shBCRIMEFR B BIERREIBKA . BREDAKI. B opfKRY;
() . ohRkRMMAEEE: (a) REIBKIEM (76) 5 (b) E&F
28, (o) BBSE; () Vasoview RN, (B) (&) : #bkin
REFRIEMUSE LBCI NECO. gIBCY;, (R) . BKIILRES
EEE (2) EHBCH ) ROBRSES, () (B . E4m
EXNFRBUSEEE. giE. £B. FE. FE. BEREMNI
By () - BHENERMAEEE () BD MERKRHERMEE,
(b) ZBERAERRME Pro™, () EABCYRZN, () #EH,



2.2, RAEMm

RIEIEE MIERFE, EMAMER—M/\H 2 4REEE M
&, RZBAMERFNANAREEAR, EMMEEEDLK
MEeRk, Bk 5. —EUHRMEMEFRYRRAREYE
KR MRMBENELZE. EANEESEMLS (0 0.
CO,) . 4R, B4R, /IMRAMAHEY (MEEE. A
B RRE. JIEF) MEEEF (W) B2, ERMmEF
p0, 79 50.1 ~ 70.9 mmHg, pCO, A 2121 ~ 35.57 mmHg, pH
79737 ~7.53%1, RBC 14879 4.24 ~ 528 x 10'Y/L, WBC %k
H95.5~9.48 x 10°L, M/MRITE 182 ~ 258 x 10%/LPY, &
BYERER 85 ~ 115 mg/dL®, ER¥IERRA, FAEM. =hhk
MANERBXIM A MABRESEEE 5 ~ 10 mg/dL FER; EAME
H pCO, RFaIBkAMEEM, pO, ST &Rk, EFhikin
(F&S1) »

SnjpkmAEERkMnAaLL, R eT A ERE RS MM B
ARG QIEE. siE. HERE. FE. 5R. FENHS
IRERH) K& (B 1(C)]. BRITE LB /LFH~meAFHRE
MAIFRE, B8, BD Microtainer Contact-Activated Lancet #[]
BD Genie Lancet (BD Diagnostics, Franklin Lakes, NJ) B4
IR IR WERMEIATF HIV-1 FHHEQRN [E
1(C)@)]™), ZIEFEE— 2.0 KR, 1.5 2XKTEWTILE, #H
BENBARZ_RINZE (EDTA) MIBRIEEEIT 150 uL B9
KM, BRIENBABERIHEF%IES. HMtRIMmE
et LSS 5 U FoRERAEM, 90 Sarstedt RERME
HemoCue B2 RIMEHH] Roche AccuChek Softclix Pro Mt
[ B 1(C)b)] o EABC® & % ( Microgravity Center/Feng-
PUCRS, Porto Alegre, Brazil) BRTFREMBKEEMIEMS
Bl (B 1O)©@]* ZRFRERIE. IR FREKE
MEMEBREES— MR, BEEERS, BIEMET/IME
O Uk 20 uL WIEhAXKEE M, REEBIIERISE, A,
BARAARMAZTER2ZII, LURLHEPBRER,

BT RIERINS R, —FH—RXBEFNRS SRS
(OBMS) BE#5IN, BEBEHNPR=RE B 1(C)(d)]!
MFBERERMIM. ZA%H PDMS . £WHEBKHTO
WETIREE YT RIAR. PDMS RHAEZE—MELEH
B OE (B2 60 um, SME 120 pm K— 15°03/)
MEMLRERIWREE PDMS RAMS O ziE, EERT
MR ERRER30 £ 5 uL MIREDR, LFERE
PDMS #2HBY, MRBRMEMRTERNEREE, XN
NBREMTEENATIRK L, RECEAERWIELKHER
BRI

©2021 IMPROVE MEDICAL All Rights Reserved
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BHIKE, BEFREMANZE POCT RIEREE,
AR MAFRPKIA S AL, EES. el TR T
RBEo #AM, MAKRMEIMAREERGRDERAETR (K9 10 ~
250 uL) , XERESFMESONBERY, HBE BN
MBI RETE R IRA RAIFIR T T, EETRNETH,
TIHTE R WA ERFI AT MAREI POC (VB8RRI Ao
BADELR T EFREMA POC NBRSETREERBPKINE
ERBKIMIZUT R STRY R,

3. REMENHFRR

SERAEAE (89175 uL ~ 5 mL) METFSRIWEME)
PR ANERBR MG MARLL, RIEMGTIRERNERE (49 10
~ 250 pL) AIRERFIMININERE, T LBEFAETIN
RAESHHMRMIZIAAIME POC 438, AIRH. ARt
HATREMGN (R S2) , WNISFMEBFAREN. MK
S GBIt , KRN EAR, mE, %
%) , ExBRETRNE,

2. ARMIMETIOSEN, AFhSKNNEL=aE:  (A) i-
STAT £4i*, (B) ABL 80/90 £4®), (C) EPOC R4, (D)
GEM3000/4000 &5,

3.1, MmSHBEEEN

—AERiR, ERICRMEERIFRERE, MSMBRRII
BBZEMRE, BATINTUITESE RS &2
(NMInE. Befs. ISIEFAEMMRERIENE) . Ty L L
POCT RAERATNEREMERFHSERS (B 2) o
BN, i-STAT*EHEN 271X (Abbot, Abbott Park, IL) [E
2(2)]*¥, ABL 700/725/825/90-FLEX ( Radiometer Medical
A/S, Bronshoj, Denmark) [E] 2(B)]“*!, Enterprise point-of-
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care (EPOC) System (Epocal Inc., Ottawa, Canada) [E
2(0)15% #l
Laboratory, Lexington, MA) [BE 2(D)|F"BE# AT RN
mm= (B0 pO,, pCO,) MKiBiE pH EMEBMHEE (FlN
K*, Na’, Ca¥) LIBHTH, XLE@EEXNFHRAS
. BUE, HERREERENEERR, AIE/LSHALRERS
LRERFINER, BT MSFEBFR, XL AR
WME S, FIi0, -STATTM D NFTUER—AXE L
MiTEM poC MK, WHATFHEY. CMASER I 4
MREER (Het) FMEMIRNI™, ABL 90 FLEX 2 {XEIATF
MEREEEMILERY, EPOC WATIM Het FLBHHIS,
GEM premier 3000 MR BFEEME. LB Het BN, &
PNEAFZENMREASHRRER; -STAT RAFE 20
uL, ABL 700/725/825/90-FLEX %Z 65 pL, EPOC RARE
95 uL, GEM premier 3000/4000 82 135 uL. #EIZH, FRAX
LRGNNSR, B TEHNBRRIERETSERNER
ERFAMEEE (RS3) .

GEM  Primier 3000/4000 ( Instrumentation

3. ARMMENmER. (A) HHEATFOhEICUN~=RE:
(a) Counter differential HemoCue WBC DIFF®, (b) Chempaq
XBCE¥IF] () Medonic CA 62007 (B) (a) HURIZFEMTARARIY
B, (b) EHINBREEARRMC, (o) RARBRES, ) BEE

P =1

3.2, FRAEMRZELR

IRREMMAFZLN, EEMIEARE. BAMRITH.
TR SR M MR EROIE , X NIIREZERRER MR
E—ERRIERIN A RS AEH TR, flimE. A=

20 [&) xftssiE | Featured Article

FERBSE, R, mH L POCT RAEFBFERRM
M THRAMNRFRN (B 3) o HemoCue AJXY4EHT k4R
(EDTA) M¥gRARMME M TiHER, SFBMAMmItE. o
OEHRE, =ZHMEARSEURNMRITE, SEERER
AT ERRE MU R THEIME MR, URERH7HRSMMMR
FREE (B 3(A)a)]. HFMmEFERI 60 ~ 100 uLo
HemoCue HILER BRERATERRMMHITHIMAT S H M.
BRI SR, HELRAEITER, HIZHAE I I/ MR R IS T
DHTERRH (CV) LLEKNES, XTEERTFEMON
AEMNTIEREBERRURBEARER (&Y. QBT AMEAM
&%) S5l#ERY, Chempaq XBC tBAI5—RMEFEE—iEMEA,
WEHE (EDTA) HIIERRMEM#EHTT L2 Mmit+41[58,59] [E
3(A)b)]e WALE—3R, 1ERFAHMMERPK MY MARMITETE
WKEHEEEEER. I, £BmLMH N (Medonic
CA 620) B AF2MmMItE, XF 20 uL EEMEF
(EDTA) BYFRARAMM [BE 3(A) ()], Z{N23EERKMIMN
FEMAFHRERNRERS, ELb, Medonic CA 620 LR
5IERELEEREER.

bR Bk EIN, T EEFRT IR RISNES,
POC IPRMEMAFABITRMAAITE, LUSEHEFER. F
M, —MEREI BT ARAERN (MIC) EEWF
EHRATNELRTE (EDTA) HIERRM M+ A H MM
o 2 EEABENNERTISEE R Bk ZEr 2D
RN (B 3(B)(a)]P, BIREM, MIC AILUNEARAEMAF
FREYRIZRRE. SRAZARFLMN BRI, TS —TEIRF, &
AFFRT —MuBUESIH SR, BATFUELHE. /)
k. BARMNMIERKT [E 3B) (b)), ZIFEED—
NEWMIE, HRAR—RHAE, TEANET. SMEIFMRHR
BRI RHMER B ahBEA#T AR AR R. £
(EDTA) MIARAEIISER Ak B+ iR ERER AR R
E KRR, AR IERRE, NBEENEF. AN
RABHEHITOWN. MIZNEERBHHIRS IRFRER B
BREFIHGHIE, XEMTHRHNERE. BEAFLT
—FMEARAS. IR epi-iERGRY, HAMEREMESE
MEZLRIIY IR [E 3(B)(c)], @i USB EBERGIRITEAH
. (BPRIARE. SPAZ4BREFMEAM) MREC, ZUEEE
ARIHEAREEIBM Raspberry Pi ZEBIERSE S, FHiER
REAAEF. BIRENT 20 uL &HE (EDTA) HIFERFRAE
M. tb5h, FE—MEERNTFR, BFIHE 1520 uL £
BRIREMNBAE (B 3B) A EFEaL, BAmAN
KEIRID, XEGRSBE—NIFLEERIK. AE, RIEK
IRENGAKEE, AEEANEAMER, XFAERTUX
73 10% ~ 15%AVARHEES, ZFaNRSUNTREER



H—IHIRREMFERAR. AT, NEFEEREFERIIERNE
m, UHE—FWIEADTEERE. M=z, HHLREN
= B A E IR NIRA AR (SR E A A B TURSTH
MR, SFEERAREMAFFKL, Fib, FKMALER
W5 R MAYEE SR TEE I

33, RgNR

MiRAEY (Mg EA/R) KFERE SRR, O
ERR. RENMECRBEFRFE R, —EEFTRHEMmME
POCT (VBB LW I & F TR EIZ A A T INE M.

3.3.1. MMEENR

R, mi L AENEEEEYEREWATENALK
FAEMmENKT [E 4(A)]o 130, HemoCue EEHE 201+ [E
4(A)(a)] 0 Braun MAFEX [E 4(A)(b)] AITRFTNEFHLE) LIE
64, {EF Braun M¥EYF] HemoCue Glucose 201-+M7ERYBER
SRAE M MAEKFE 239 100 + 48.4 mg/dL. 82.9 £ 51.4 mg/dLo
LRI A IYEER 76.95 + 45.99, XLEHUERRA,
A Braun MIAE(CUSHMAETISERES TR ORBENFHN
& (p=0.003) - #AMM, fFFA HemoCue Glucose 201+ 713k
BHESHFLIRENENOBEELSEEZEZR (p =
0.463) o HEZREA HemoCue Glucose 201+ {UME )L
RIRARAGMAE A S M A ERTH T FR N,

Itkgh, —Fh Precision Xceed Pro (Abbott, Abbott Park,
IL) FHRAMAENEWATFMERAE MR nEKTE B
4(a)(c)]®; RAEMMAFM¥EKTFERN 146 + 35 mg/dL, BHEKMAFEM
WEKFEF 147 + 36 mg/dL. FHAHMS AKX IIMEERETREA
0.91, R? = 84%, XLELERRIARMMEASTHIKIEADE
8%, IEIM, Accu-Chek comfort Curve i4EF Accu-Chek I
{ (Roche Diagnostics; Mannheim, Germany) B#AFNE
ERHEEREMTHNEEE (B 4A) )]0, XEER
RBA, RAEM AT AT E == A8 MLpE 7k T T B R R e A B
PR EBRE, X RN BRI MARNE R SR, R
M, Z—IARAKRE, BERESHFARRENE RSN
FEBDER ), RIBTERARE, =Sk mAE
1£ 80 ~ 110 mg/dL 28], shBXIAELLRAEIES 5 me/dL, LhE:
BN 10 mg/dL, XMEFREHFSRRERN, CIERE
BAR. HERENEERR W&AY. K. &7 Al |
MEMEARRRES) o MECERERNSERE, WERRR
BEAARIRE (1S0) BHIERELREMEDSITE
(CLSD) , ERMIBMNLERSERK MR MIBELERITACTT 15%
(£ 15 mg/dL) B8 12.5% (£ 12 mg/dL) SBEIRSY, RER
VH=@AFSNLERERAN, B—EnEYUMNAERMAR

©2021 IMPROVE MEDICAL All Rights Reserved
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R, HUBTFRESHRSZEMN, WNFBRNRTHS=5m, =X
SRRV REFHF, DUREA ML ZS,

Leoh, —LEHBEMRRANERE R R BRI AT MARM
miniE. FIM, —MEINAKRRERIE-RE (LC-MS) 2
WAEBEFAER, AILER—EMENMINE. SENER
FEN (B 4A) )" ZAEERAETRNZEER M
B RARERIVIMETRR (< 5 L) KRBT, TEER
HEEHKEREEBRIESH DHTERNEREE. B
BY, HEEEELEIEARE (g0, BjEiamm@2 ~ 3N H) %
MEZMRIEY, MEEHE. Hbale, BUADBFAER
(HSA) MIBHHEEERA A1, HEZMRE (WNZAINEER
) sismE. ES—IMRE, FET —FhSEIERNE
FANBRAERGRNSIBRREMME B 4A)D]7. Z
AAERFAEEREC/FENESETERE. BaEatsiL
REEESHEE, ATIYBEAFRNNE. ZRFAEEREFN
SKMSEE, AT 1.1 oM F 13.0 nM EERERERTE .

4. REMAEYIRK, (A) THLATFHENLEN~RE: ()
HemoCue Glucose 201+ 53 471X, (b) Braun MAEX©Y, (c)
Precision Xceed Pro FHFMAENS), (d) Accu-Chek MIFE(,  (e)
—MIERAKRIEEIE-RIE (LC-MS) AFAZE, () —#ZE
BEFNETLENHRERSA. B) BFEARRINS~RE:

(a) Afinion AS100 POC 224X,  (b) Heart Check Alere Test strip
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ABSTRACT

Clinically, blood sample analysis has been widely used for health monitoring. In hospitals, arterial
and venous blood are utilized to detect various disease biomarkers. However, collection methods
are invasive, painful, may result in injury and contamination, and skilled workers are required,
making these methods unsuitable for use in a resource-limited setting. In contrast, capillary blood
is easily collected by a minimally invasive procedure and has excellent potential for use in point-
of-care (POC) health monitoring. In this review, we first discuss the differences among arterial
blood, venous blood, and capillary blood in terms of the puncture sites, components, sample vol-
ume, collection methods, and application areas. Additionally, we review the most recent advances
in capillary blood-based commercial products and microfluidic instruments for various applica-
tions. We also compare the accuracy of microfluidic-based testing with that of laboratory-based
testing for capillary blood-based disease diagnosis at the POC. Finally, we discuss the challenges
and future perspectives for developing capillary blood-based POC instruments.
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1. Introduction arisen, especially in settings with limited laboratory
equipment [6-8]. However, conventional arterial and
venous blood collection methods (e.g. with a syringe)
are invasive and could potentially cause pain, needle
stick injuries and contamination if not performed by
well-trained medical workers, making it difficult to utilize

these methods resource-limited setting [9].

Blood contains a great deal of information concerning
human health and can be used to monitor health status
[1]. In general, blood is categorized as arterial, venous,
or capillary; both arterial and venous blood have been
widely used to detect various diseases in a clinical set-

ting [2]. For example, arterial blood gas analysis has in a

been used as the gold standard to obtain information
about oxygenation, ventilation, and acid-base status
[2], while venous blood has been used for the detection
of proteins such as glucose and ferritin [3], nucleic acids
such as human immunodeficiency virus (HIV), hepatitis
B virus (HBV) [4], and heavy metal contamination such
as lead [5]. With the increasing incidence of infectious
diseases (e.g. HIV, Ebola virus, influenza virus) and
health awareness (e.g. periodic health checks, the prog-
nosis and monitoring of a disease), a significant demand
for point-of-care (POC) testing, or bedside testing, has

Additionally, these blood collection methods are less
suitable for specific populations (i.e. elderly people and
infants), due to the challenge of finding a blood vessel
to determine an appropriate puncture site, even though
an optical method to visualize blood vessels has been
developed [10]. Therefore, a readily accessible blood
sample source is very important for simple and rapid dis-
ease diagnosis and a health check at the POC.

Compared to arterial and venous blood, capillary
blood can be easily collected from a variety of sources
(e.g. finger, earlobe tip, arm or heel) with simple
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instruments (e.g. a lancet instrument), and the collec-
tion method is simple, rapid, inexpensive, and does not
require a skilled worker. Therefore, it has excellent
potential as an ideal blood source for disease diagnosis
and health monitoring. For example, a capillary blood
glucose test has been widely performed to monitor dia-
betes [11], and a capillary blood lead test has been
commonly performed in public Pb screening programs
[12]. Additionally, earlobe capillary blood has also been
utilized for the detection of mMRNA expression patterns
associated with headaches and pediatric epilepsy [13].
According to current regulations, capillary blood is the
only approved source among various blood sources for
diagnosis outside of a clinical laboratory (e.g. home or
resource-poor settings) [14]. However, the sample vol-
ume from capillary blood is generally much smaller
compared to arterial and venous blood samples, so its
use is challenging for disease diagnosis.

Microfluidics is the science and technology of sys-
tems for the manipulation or processing of small
amounts of fluid using micrometer-sized channels.
Microfluidic instruments normally have several unique
features: (i) small size, (ii) low-cost, (iii) short analysis
time, (iv) the ability to process small quantities of sam-
ples and reagents, and (v) the ability to perform sepa-
rations, mixing, and detection with high sensitivity and
specificity. These instruments are normally made of
polydimethylsiloxane (PDMS), silicone or glass and
some are made of paper substrates. The structure of
these instruments (i.e. the methods for introducing
reagents and samples, fluid movement, or mixing and
detection) may vary from one manufacturer to another
based on the working principle and function of the
instruments [15,16]. With recent advances in point-of-
care testing (POCT) technologies, the development of
microfluidic chip-based and paper-based instruments
has made it possible to perform simple and accurate
capillary blood-based diagnostics at the POC [7,15]. For
instance, a finger stick capillary blood-based microflui-
dic instrument known as a “pocket-sized personal glu-
cose meter” has been developed to measure glucose
levels and diagnose diabetes. In the instrument, param-
eters can specifically bind to DNA-invertase conju-
gated-immobilized  magnetic beads via DNA
hybridization and are further separated via magnetic
force. Then, invertase can efficiently catalyze the
hydrolysis of sucrose into glucose. Finally, the glucose
concentration is quantified by a glucose meter [17].
The method could achieve portable, low-cost, and
quantitative detection of many other parameters.
However, the instrument is not as simple as glucose
testing using a glucose meter because magnetic separ-
ation is required for it to function. The Roche

Coaguchek XS (Roche Diagnostics Nederland BV,
Almere, The Netherlands) and Lactate Pro™ (KDK
Corporation Lactate pro system, CLIA record K980908,
waived 7/27/2001, ARKRAY Inc., Kyoto, Japan) analyzer
instruments have also been combined with test strips
to monitor vitamin K-antagonists [18] and lactate con-
centration [19], respectively. The working principle of
the Coaguchek XS instrument mainly depends on the
electrochemical measurement of the prothrombin time
to obtain the results [18]. The mean international nor-
malized ratio (INR) differences for this instrument are
smaller than those of the i-STAT. However, it uses two
drops of capillary blood from a finger stick to reliably
determine the INR. In the Lactate Pro™, the blood lac-
tate reacts with potassium ferrocyanide and pyruvate,
and the ferrocyanide is oxidized, releasing electrons
that create a current when a voltage is applied. The
current is determined through an amperometric meas-
urement and the result is shown after 60s [19]. This
instrument could provide a simple assay for sample
analysis, but it requires technical training by site per-
sonnel. A heel stick capillary blood microfluidic instru-
ment has been used to extract HIV proviral DNA using
a filtration method for the isolation of nucleic acid for
HIV detection. It uses a glass fiber membrane to extract
the DNA, which is then inserted directly into a dispos-
able polymerase chain reaction (PCR) assay instrument
for the downstream analysis [20]. The method is simple
and rapid. In short, these advances make capillary
blood a promising sample source for disease diagnosis
in a POC setting.

Thus far, some reviews have been published on the
safe limitation of the blood sample volume [21], capil-
lary blood glucose monitoring [22], and finger stick
capillary blood-based POCT technologies for molecular
diagnosis [23]. However, the different blood sources,
the beneficial use of capillary blood-based POCT and
the most recent advances have not yet been compre-
hensively reviewed. In this review, we first discuss the
differences between arterial, venous and capillary blood
in terms of puncture sites, components, sample volume,
collection methods, and application areas. In addition,
we highlight the beneficial use of capillary blood-based
POCT and specifically discuss different capillary blood
collection methods. We also review the commercially
available capillary blood diagnostic systems and discuss
the most recent advances in capillary blood-based
microfluidic instruments for various applications at the
POC. We then compare the accuracy of microfluidic-
based testing with laboratory-based testing for capillary
blood-based disease diagnosis. Finally, we discuss the
challenges and future perspectives for the development
of capillary blood-based POC instruments.
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Table 1. Parameters of arterial blood, venous blood and capillary blood.

Arterial blood

Venous blood

Capillary blood

Component

Puncture site

Collection method

Patient feeling

Sample volume
Application area

Advantages

Disadvantage

Refs.

Blood gas (e.g. O,, CO,), red blood
cells, white blood cells, electrolytes,
metabolites (e.g. glucose, lactate,
urea, creatinine, or neonatal total
bilirubin)

Radial artery, auricular artery, femoral
artery

Direct puncture using syringe, indwel-
ling catheter, radial artery compres-
sion instrument, and the vasoview
system

Invasive, painful and needs a skilled
worker

1 ml for adults, 0.5 ml for children
Blood gas detection, metabolites (e.g.
glucose)

Accurate result

Collection method is invasive, severe
pain and needs a skilled worker.
Need large sample volume

[2,26,30-32,78]

Blood gas (e.g. 0,, CO,), red blood
cells, white blood cells, metabolites
(e.g. glucose, urea, creatinine),
heavy metal ions, and other
proteins

Earlobe, elbow, arm, forearm

Needle using vacuum tube, venous
access instruments

Less invasive, painful, and needs a
skilled worker

0.175-5ml

Blood gas detection, standard hema-
tology analyzer (e.g. white blood
cell count), metabolite detection
(e.g. protein, nucleic acid, glucose,
ferritin), heavy metal ion detection
(e.g. lead)

Accurate result

Collection method is less invasive,
pain and still needs a skilled
worker, need large sample volume

[3,26,30,32,33,36,37]

Blood gas (e.g. 0,, CO,), red blood
cells, white blood cells, metabolites
(e.g. glucose, lactate, urea, creatin-
ine), heavy metal ions (e.g. lead)

Earlobe, forearm, heel, palm, fingertip,
arm

Needles or evacuated tubes, lancet
instrument

Non-invasive, painless, easy to accept
by patient, does not need skilled
worker

10-250 pl

Blood gas detection, standard hema-
tology analyzer (e.g. leukocyte
count, metabolites (e.g. protein)),
biomarker (e.g. IgE), nucleic acid
(e.g. RNA, blood glucose, ferritin,
lactate, effect of vitamin K-antag-
onist, and heavy metal ions (e.g.
lead))

Collection method is noninvasive,
painless, amenable to patient, does
not need a skilled worker. Needs a
small sample volume

Result accuracy needs to be evaluated

[3,18,19,32,35,36]

2. Health information from different blood
sources

Blood is an important body fluid and is composed of
complex components, including red blood cells (RBC),
white blood cells (WBC), platelets, and blood plasma,
which contains metabolites (e.g. glucose, lactate, urea,
creatinine), protective antibodies, various other proteins
and electrolytes [24]. At present, different blood sources
have been utilized for monitoring health status in clin-
ical diagnosis. It is of great importance to compare the
components, puncture sites, collection methods, appli-
cation areas, and the sample volume required for each
testing method, as well as the risk to the patient
(Table 1), in order to aid the user in understanding the
advantages and limitations of using different blood
sources.

2.1. Arterial blood and venous blood

Arterial blood is oxygenated blood that travels from the
lungs into the left chambers of the heart. It has a bright
red color. During the cardiac cycle, arterial blood passes
through the lungs and supplies oxygen to sustain the
peripheral organs. In general, arterial blood consists of
the blood gases (e.g. O,, CO,), RBC, WBC, platelets, and
metabolites (e.g. glucose, urea, creatinine, or neonatal
total bilirubin) [2,26]. The pO, in arterial blood is
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76-100 mmHg, the pCO, is 35-45mmHg, the pH is
7.34-7.46 [27], the RBC count is 4.14-5.02 x 10'?/L, the
WBC count is 5.72-8.14 x 10°/L, the platelet count is
157-267 x 10°/L [28], and the concentration of metabo-
lites such as glucose is 90-120 mg/dl [29]. Arterial blood
is often collected from the puncture sites of the radial
artery, the femoral artery or the auricular artery using a
syringe, an indwelling catheter, a radial artery compres-
sion instrument or the Vasoview system (Figure 1(A))
[2,26,30,31]. The sample volume required for testing is
normally approximately 1ml for adults and approxi-
mately 0.5 ml for children. Arterial blood is mainly used
in the hospital to monitor blood gases, pulmonary func-
tion [26] and the level of metabolites (e.g. glucose [32],
lactate [33]). Arterial puncture methods require well-
trained medical workers and are often invasive, involv-
ing potential issues of severe pain and complications
(e.g. local hematomas and infection [2]).

Venous blood is deoxygenated and travels from the
peripheral vessels into the right atrium of the heart. The
venous blood is then pumped by the right ventricle to
the lungs, which is divided into left and right branches.
Venous blood is usually composed of the blood gases
(e.g. O,, CO,), RBC, WBC, platelets, metabolites (e.g. glu-
cose, lactate, urea, creatinine, proteins), and metal ions
[26,34,35]. The pO, of venous blood is 25.4-45.8 mmHg,
the pCO, is 39-63.6 mmHg, the pH is 7.3-7.44 [27], the



Figure 1. Different sources and collection methods for arterial blood, venous blood, and capillary blood. (A) (left): arterial blood
collection puncture sites include the radial artery [2], femoral artery [26] and auricular artery [26]; (right): arterial blood collection
methods include (a) a radial artery compression instrument (76), (b) a syringe, (c) an indwelling catheter, and (d) the Vasoview
system [30]. (B) (left): venous blood collection puncture sites include the arm [35], elbow [36], and forearm [33]; (right): venous
blood collection methods include (a) syringe [37] and (b) a central venous access instrument [38]. (C) (left): capillary blood collec-
tion puncture sites include the earlobe, forearm, arm, finger, palm, base of the thumb and heel [44]; (right): capillary blood collec-
tion methods include (a) a BD microtainer Contact-activated Lancet, (b) a Roche Acc-Check softclix Pro lancet [45], (c) The EABC®

system [46], and (d) a micro-needle [47].

RBC count is 4.27-5.23 x 10"%/L, the WBC count is
5.15-8.63 x 10%/L, the platelet count is 187-257 x 10°/L
[28], and the concentration of metabolites such as glu-
cose is 80-110mg/dl [29]. Venous blood is often col-
lected from the puncture sites on the arm [35], elbow
[36], and forearm [33] using a syringe [37] or a venous
access instrument [38] (Figure 1(B)). The range of

sample volumes is between 0.175 and 5ml. Venous
blood is utilized in hospitals to monitor blood gases
(e.g. pO,, pCO, [26]), in standard hematology testing
(e.g. a WBC count [34]), for metabolites (e.g. blood glu-
cose [36], protein [39]) and other routine laboratory
tests (e.g. heavy metal ions [35]). Compared to an arter-
ial blood sample, the collection of venous blood is
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quicker, safer, and entails less pain. However, it still
requires a skilled technician to find a vessel, which is
not convenient for POCT.

2.2. Capillary blood

Capillary blood is normally collected from the fingertip.
A capillary is a small, single-celled wall blood vessel
lacking muscular/elastic tissue like larger blood vessels.
Capillaries connect arteries and veins to transport water,
oxygen, carbon dioxide, and other nutrients and waste
chemicals between the blood and the surrounding tis-
sues. Capillary blood also contains blood gases (e.g. O,
CO,), RBC, WBC, platelets, and metabolites (e.g. glucose,
lactate, urea, creatinine)) and metal ions (eg.
lead) [35,40-42]. The pO, in capillary blood is
50.1-70.9 mmHg, the pCO, is 21.21-35.57 mmHg, the
pH is 7.37-7.53 [43], the RBC count is 4.24-5.28 x 10'%/
L, the WBC count is 5.5-9.48 x 10%/L, the platelet count
is 182-258 x 10%/L [28], and the concentration of glu-
cose is 85-115mg/dl [29]. The data cited above indi-
cates that the concentration range of blood glucose
shows a 5-10 mg/dl difference between capillary, arter-
ial, and venous blood; the pCO, in capillary blood is
lower than in arterial and venous blood, and the pO, in
capillary blood is higher than in venous blood and
lower than in arterial blood (Table S1).

Compared to arterial and venous blood, capillary
blood can be collected from various parts of the body
(e.g. earlobe, forearm, heel, palm, finger stick, arm, and
the base of the thumb [44]) using various instruments
(Figure 1(C)). Several products are currently commer-
cially available for the collection of capillary blood. For
example, the BD Microtainer Contact-Activated Lancet
and the BD Genie Lancet (BD Diagnostics, Franklin
Lakes, NJ) have been used to collect capillary blood via
a finger stick for HIV-1 viral load testing in South Africa
(Figure 1(C) (a)) [45]. The instrument has a 2.0-mm blade
depth, is 1.5mm wide, and contains several layers of
ethylene diamine tetraacetic acid (EDTA) treated mem-
brane strips, which ensure that exactly 150 pl of capil-
lary blood is wicked. Training or special instructions are
unnecessary to operate the instrument. Other commer-
cial lancets have also been used in a similar fashion to
collect capillary blood, such as the Sarstedt safety lan-
cet, the HemoCue safety lancet, and the Roche
AccuChek Softclix Pro lancet (Figure 1(C) (b)). The
EABC® system (Microgravity Center/Feng-PUCRS, Porto
Alegre, Brazil) has been utilized to collect capillary ear-
lobe arterialized blood for blood gas detection (Figure
1(C) (c)) [46]. The system consists of a plastic shell,
including a small blade, a heparinized capillary tube
and a sensor cartridge. A 20 pl drop of arterialized blood

28 [#] x#tEsz | Original Article Reading

is collected from the skin using a small cut through the
capillary tube when the earlobe is properly fixed, then
delivered to the sensor cartridge. However, the techni-
cian still requires simple training to reduce discomfort
to the user.

In addition to the commercial products previously
mentioned, a one-touch-activated blood multi-diagnos-
tic system (OBMS) has been introduced for collecting
capillary blood from the arm through an integrated hol-
low micro-needle (Figure 1(C) (d)) [47]. The system is
made of a PDMS button, a biocompatible hollow micro-
needle and a paper-based biosensor. The PDMS button
is connected to a hollow micro-needle with optimized
structure (i.e. an inner diameter of 60pum, an outer
diameter of 120 um and a bevel angle of 15°) and the
paper-based sensor is placed between the PDMS button
and the hollow micro-needle for direct blood analysis. A
30+ 5 ul blood sample is extracted using negative pres-
sure and is allowed to flow into the sensor chamber
through the hollow structure of the micro-needle when
the PDMS button is manually activated by a finger. This
instrument has not yet been tested in a clinical setting,
although it has been successfully validated in rabbits.

Collectively, capillary blood-based testing is an ideal
choice for POCT because it is simple, less-invasive, less-
painful and risk-free compared to methods based on
arterial and venous blood. However, only a small sam-
ple volume can be obtained from capillary blood
(approximately 10-250 ul), which may affect the accur-
acy of subsequent assays, especially considering that
such detection may be performed in a resource-limited
setting. In the following sections, we discuss the appli-
cation of commercial instruments and emerging POC
instruments for capillary blood testing. We also com-
pare the detection accuracy of capillary blood-based
POC instruments with that of laboratory-based arterial
blood or venous blood diagnostic systems.

3. Emerging technologies for testing capillary
blood

The small sample volume (approximately 10-250 pl)
provided for capillary blood-based testing may affect
the detection accuracy compared to laboratory-based
arterial and venous blood-based testing that uses a
larger sample volume (approximately 175pul to 5ml).
Various commercial diagnostic systems and new POC
instruments have been developed for the sensitive and
accurate testing of capillary blood samples for various
applications (Table S2), such as blood gas and electro-
lyte detection, blood component analysis (e.g. leukocyte
count), metabolite detection (e.g. protein, blood glu-
cose, nucleic acid), heavy metal ion detection, etc.



Figure 2. Capillary blood for blood gas detection. Commercial products used for blood gas detection are (A) the i-STAT system
[48], (B) the ABL 80/90 system [49], (C) the EPOC system [50], and (D) the GEM3000/4000 system [51].

3.1. Blood gas and electrolyte tests

In general, blood tests for blood gases and electrolytes
are routine in emergency departments and critical care
units, as they are used for the timely diagnosis of many
conditions (e.g. sepsis, burns, acute exacerbations of
chronic obstructive lung disease). Several commercial
POCT systems have been utilized to determine the gas
content from a capillary blood sample (Figure 2). For
example, the i-STAT® portable analyzer (Abbot, Abbott
Park, IL) (Figure 2(A)) [48], ABL 700/725/825/90-FLEX
(Radiometer Medical A/S, Bronshoj, Denmark) (Figure
2(B)) [49], the Enterprise point-of-care (EPOC) System
(Epocal Inc., Ottawa, Canada) (Figure 2(C)) [50] and the
GEM Primier 3000/4000 (Instrumentation Laboratory,
Lexington, MA) (Figure 2(D)) [51] have been used to
measure capillary blood gases (i.e. pO,, pCO,) and the

acid—base balance via pH and electrolytes (e.g. K™, Na™,
Ca®") [52]. These portable and handheld systems are
easy-to-use, rapid, and provide the health status of
patients, allowing access to real-time, lab-quality results
within minutes. In addition to blood gases and electro-
lytes, these analyzers have also been used to detect
other parameters. For example, the i-STAT® portable
analyzer can perform a wide variety of POC tests on the
same instrument, and has also been used to test metab-
olites, cardiac troponin I, hematocrit (Hct) and coagula-
tion tests [48]. The ABL 90 FLEX analyzer has been used
to measure glucose and lactate [49]. EPOC has also
been used to test Hct and metabolites [50]. The GEM
Primier 3000 has been used to detect glucose, lactate
and Hct. Each system requires a different blood sample
volume; 20 pl for i-STAT system, 65 pl for ABL 700/725/
825/90-FLEX, 95 pl for EPOC System and 135 pl for GEM
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Figure 3. Capillary blood for standard hematology test. (A) Commercial products used for standard hematology testing are (a)
the Counter differential HemoCue WBC DIFF [53], (b) the Chempaq XBC [58], and (c) the Medonic CA 620 [60]. (B) (a) Microfluidic
instruments of a miniaturized microfluidic impedance cytometer [36], (b) a custom-built microscope cytometer [61], (c) an epi-
fluorescence imaging system [62], and (d) a vertical flow platform [63].

Primier 3000/4000. The accuracy of blood gas, acid—
base balance and electrolyte detection using these sys-
tems has been reported as comparable to traditional
laboratory techniques (Table S3).

3.2. Standard hematology tests

Routine clinical hematology testing, including the meas-
urement of hemoglobin concentration, WBC count, RBC
count, and platelet concentration, is important as it
indicates the status of various diseases such as fever or
inflammation, for example, viral, bacteria, and parasitic
infections. Several commercial POCT systems have been
recently utilized for standard hematology testing using
capillary blood (Figure 3). For example, HemoCue has
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been used for a total full blood count of finger stick
capillary blood containing an anticoagulant (EDTA),
including a WBC count, hemoglobin concentration, and
a three-part WBC differential and platelet count, to
monitor the treatment of a disease with clozapine and
screen donated blood to ensure donor safety and guar-
antee blood quality [53-57] (Figure 3(A) (a)). The sample
volume required is 60-100 ul. The HemoCue result indi-
cates that the average percent coefficient of variation
(CV) for a hemoglobin test, WBC count, lymphocyte
count, granulocyte count and platelets in finger stick
capillary blood are higher than that of venous blood,
which may be due to the different working principles of
the various analysis systems and patient factors (e.g.
medication, therapy, and other disease states).



Chempag XBC has also been utilized with a disposable
cassette to do a full blood count with finger stick capil-
lary blood containing an anticoagulant (EDTA) [58,59]
(Figure 3(A) (b)). Thus, no significant differences in the
mean levels of complete blood count parameters have
been noted between finger stick capillary blood and
venous blood. Additionally, an automated full blood
count analyzer (Medonic CA 620) has also been used to
do a full blood count using only 20 ul of finger stick
capillary blood containing an anticoagulant (EDTA)
(Figure 3(A) (c)) [60]. The instrument has two different
calibration systems for venous blood and capillary
blood. Therefore, these results from the Medonic CA
620 show no significant differences compared to clinical
values.

In addition to the above commercial products, sev-
eral emerging microfluidic instruments have also been
developed to do a full blood count with a capillary
blood sample at the POC for the diagnosis of various
diseases. For instance, a portable and miniaturized
microfluidic impedance cytometer (MIC) has been
developed to determine the leukocyte count from fin-
ger stick capillary blood containing an anticoagulant
(EDTA). This instrument uses electrical impedance to
measure single cells flowing between two electrodes in
a microfluidic channel (Figure 3(B) (a)) [36]. It has been
reported that MIC enables the measurement of granulo-
cyte, monocyte, and lymphocyte counts in capillary
blood samples. In another study, a compact, custom-
built microscope cytometer has been developed to
determine the level of RBC, platelets, WBC, and hemo-
globin (Figure 3(B) (b)) [61]. The instrument is con-
nected to a microscope to record large field-of-view,
bright-field, and fluorescence images of samples stained
with a single dye using automatic algorithms for blood
cell counting. Capillary or venous blood containing an
anticoagulant (EDTA) is directly diluted using sodium
dodecyl sulfate and phosphate buffered saline and then
stained with acridine orange, and analyzed by the
instrument using a combination of field of view, bright
field, and fluorescence microscopy. The data obtained
from this instrument are consistent with clinical results.
However, manual sample preparation is required, which
adds to the complexity of the assay. Additionally, a low-
cost, simple epi-fluorescence imaging system has been
developed to measure the count of leukocytes (i.e.
granulocytes, monocytes, and lymphocytes), by using a
USB color camera combined with the leukocyte-select-
ive vital dye acridine orange (Figure 3(B) (c)) [62]. This
instrument uses a "cloud-based" method to send data
from the Raspberry Pi to the main server and return
data to the user. It requires a sample of less than 20 pl
of capillary finger stick blood containing an

anticoagulant (EDTA). Furthermore, a vertical flow plat-
form has been developed to quantify the WBC count
with 15-20ul of capillary blood containing an anti-
coagulant (Figure 3(B) (d)) [63]. In the platform, WBC
count is labeled with gold nanoparticles, which are
absorbed on the paper through a small orifice. Then,
the WBC count is determined colorimetrically, based on
the intensity of the gold nanoparticles accumulated on
the paper. This method can distinguish 10-15% differ-
ences in cell number. The compatibility and usability of
this platform should be further investigated by using
clinical whole blood samples in the future. However,
the instrument should use capillary blood containing an
anticoagulant (EDTA) to further validate the precision of
this assay. In short, existing commercial products and
microfluidic instruments for standard hematology test-
ing all use blood samples containing an anticoagulant,
no matter whether finger stick capillary blood or venous
blood is employed. Thus, the results from venous blood
can be compared to those from capillary blood.

3.3. Metabolite tests

An abnormal level of blood metabolites (e.g. blood glu-
cose, protein) has often been correlated with diseases
such as diabetes, cardiovascular disease, viral and bac-
terial infectious diseases. Several capillary blood-based
POCT instruments have been developed for early diag-
nosis and are used to monitor various metabolites.

3.3.1. Blood glucose tests

A large number of commercial glucose biosensors have
been recently introduced to monitor glucose levels in
capillary blood (Figure 4(A)). For instance, the HemoCue
glucose 201+ analyzer (Figure 4(A) (a)) and the B Braun
Glucometer (Figure 4(A) (b)) have been used to measure
blood glucose in neonates [64]. The blood glucose lev-
els of heel prick capillary blood measured by the Braun
glucometer and the HemoCue glucose 201+ are
100+48.4mg/dl, 82.9+51.4mg/dl, respectively. The
plasma glucose value is 76.95+45.99 in a central
laboratory. These data indicate that the mean values of
the blood glucose obtained with the B Braun glucome-
ter are significantly higher (p=.003) than the plasma
glucose values measured by a central laboratory.
However, the glucose values obtained with the
HemoCue glucose 201+ analyzer are not significantly
different (p=.463) from the plasma glucose values
measured by a central laboratory. The data show that
the HemoCue glucose 201+ analyzer does not indicate
significant differences between heel stick capillary
blood and venous blood sample in neonates.
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Figure 4. Capillary blood for metabolite test. (A) Commercial products used for monitoring blood glucose are (a) the HemoCue
glucose 201+ analyzer [64], (b) the Braun glucometer [64], (c) the Precision Xceed Pro handheld glucometer [65], (d) the Accu-
Chek glucose meter [66], (e) a new nanoflow liquid chromatography—mass spectrometry (LC-MS) assay [71], and (f) a multiple
enzyme-doped thread-based microfluidic system [72]. (B) Commercial products used for protein detection are (a) the Afinion
AS100 POC analyzer [56], (b) the Heart Check Alere Test strip [73], (c) the Sickle SCAN™ test [77], and (d) the PSA test strip and
the Chromogenic Rapid Test Reader [75]. (C) A micro-patterned paper instrument has been used for protein detection [74].

Additionally, a Precision Xceed Pro (Abbott, Abbott
Park, IL) handheld glucometer has been introduced for
the detection of blood glucose levels in finger stick
capillary blood (Figure 4(A) (c)) [65]; the capillary blood
glucose level is 146 +35mg/d|, and glucose level in an
arterial blood sample is 147 £36 mg/dl. The regression
coefficient between the capillary glucose value and the
arterial value is 0.91, and the R® is 84%. These results
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indicate that the capillary sample is highly correlated
with the arterial sample. In addition, the Accu-Chek
comfort Curve test strip and Accu-Chek glucometer
(Roche Diagnostics, Mannheim, Germany) have been
utilized for the measurement of glucose in finger stick
or earlobe capillary blood (Figure 4(A) (d)) [11,66,67].
These results indicate that capillary blood is appropriate
for measuring fasting blood glucose levels to evaluate



the prevalence of diabetes in a population. These
results demonstrate that sample type does not affect
the accuracy of a blood glucose determination.
However, the postprandial status or the sample col-
lection time may affect the blood glucose accuracy
according to another study [68,69]. According to pre-
vious studies [29], the normal fasting venous blood
glucose level is between 80 and 110 mg/dl, and arter-
ial glucose levels are 5mg/dl higher than in capillary
blood and 10mg/dl higher than in venous blood.
Such a difference is due to many factors, including

operator technique, environmental exposure, and
patient factors (e.g. medication, oxygen, therapy,
anemia, hypotension, and other disease states).

Regulatory standards for glucose meter accuracy, such
as the International Organization for Standardization
(ISO) standards or the Clinical & Laboratory Standards
Institute (CLSI) standards, require blood glucose meter
results to match venous plasma glucose results within
15% (or £15mg/dl) or 12.5% (or +12mg/dl), respect-
ively [29,66,70]. Although commercial products are
useful for monitoring blood glucose, some glucome-
ters are still large and difficult to use for home or
bedside testing. For a smaller-sized product, the read-
out instrument should be integrated into a smart-
phone to decrease the cost of detection.

Additionally, several emerging microfluidic instru-
ments have been developed to detect blood glucose in
capillary blood. For instance, a new nanoflow liquid
chromatography-mass spectrometry (LC-MS) assay has
been developed to achieve rapid and multi-scale dia-
betes monitoring using a drop of blood (Figure 4(A) (e))
[71]. The assay uses a silicon-based multi nozzle emitter
array chip technology to enable a small volume (<5 pl)
of blood to be used for detection without complex sam-
ple preparation prior to on-chip liquid chromatogra-
phy-nanoelectrospray ionization mass spectrometry.
Meanwhile, this assay enables multiple markers, such as
glucose, HbA1c, glycated human serum albumin (HSA)
and glycated apolipoprotein A-l, on a multi-time-scale
(e.g. for time intervals ranging from immediate to
2-3 months) and monitoring of blood glucose in mul-
tiple compartments such as in several functional mod-
ules. In another study, a multiple enzyme-doped
thread-based microfluidic system was developed to
measure finger stick capillary blood glucose (Figure 4(A)
(f) [72]. This system uses enzyme-doped thread coated
with a thin polyvinylchloride membrane to immobilize
various enzymes such as urease, glucose oxidase, and
catechol for the on-site electrochemical detection blood
glucose. This novel system has a good linear dynamic
range for detecting the glucose concentrations from
0.1nM to 13.0nM.

3.3.2. Protein-based diagnostic tests

Various proteins in capillary blood have been used to
monitor diseases, such as Hb, alkaline phosphatase
(ALP), aspartate aminotransferase (AST), vimentin, C-
reactive protein (CRP), procalcitomin, lactate, prostate
specific antigen (PSA), IL-6, and brain natriuretic peptide
(BNP) [56,73-76]. Several commercial products are cur-
rently available for detecting such proteins (Figure 4(B)).
For instance, the Afinion AS100 POC analyzer is based
on an immunometric membrane flow-through assay
and has been used to quantitatively detect CRP in capil-
lary blood (finger stick or heel stick), serum or venous
blood (Figure 4(B) (a)) [56]. The CRP detection value is
accurate, and it is suitable for the pediatric emergency
department for which only a 1.5 pl sample is needed for
analysis. The Heart Check Alere Test Strip (Alere
Technologies Limited, Stirling, Scotland) has been uti-
lized for the BNP assay with a finger stick capillary blood
sample (Figure 4(B) (b)) [73]. The test strip uses a bioti-
nylated anti-BNP monoclonal antibody bound to strep-
tavidin-coated magnetic solid phase particles.
Compared to the automated UniCel DxI 800 platform
(Beckman Counter, Inc., Fullerton, CA), this product can
detect BNP in fresh finger stick capillary blood, and the
results show a good correlation with those from an
automated platform with plasma blood samples col-
lected from a vein. The Heart Check Alere Test Strip is
suitable for high and mid-to-low-volume applications.
The Sickle SCAN™ test has been developed to identify
the presence of hemoglobin A, S, and C in finger stick
capillary blood (Figure 4(B) (c)) [77]. This test mainly
uses the principle of the chromatographic immunoassay
in sandwich format to achieve the qualitative detection
of human HbA, HbS, and HbC in a whole blood sample.
The results show that the instrument could specifically
and sensitively detect HbS, HbC, and HbA, and could
differentiate sickle cell disease (SCD) (homozygous
HbSS, heterozygous HbSC, and HbSB-thalassomia) from
SCD and normal adult hemoglobin. It needs a 5 pl capil-
lary blood sample for detection. Compared to the
Afinion AS100 POC analyzer test for SCD, this test does
not require electricity, equipment, or skilled personnel
to draw blood. Additionally, a rapid quantitative test
system has been introduced for the detection of PSA,
and it includes a special cassette and chromogenic test
reader (Figure 4(B) (d)) [75]. The special cassette consists
of a gold immune chromatographic assay (GICA) strip.
The study shows that there is a strong correlation
between the GICA method and the standard laboratory
method, a chemiluminescent micro-particle immuno-
assay (CMIA). Such a rapid quantitative testing system
may be desirable in many clinical situations and POC
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Figure 5. Capillary blood for other tests. (A) The FINA method has been used to extract nucleic acid from heel stick capillary
blood [20]. (B) The Integrated capillary LAMP has been used to detect nucleic acid from finger stick capillary blood [79]. (C) The
LeadCare® Il analyzer has been used for monitoring blood lead from capillary blood [25].

measurements. Additionally, it needs 30ul of finger
stick capillary blood. Another study describes a com-
mercial lateral flow assay (LFA) that has been used for
the qualitative detection of anti-mutated citrullinated
vimentin (anti-MCV) antibodies and anti-rheumatoid
factor (anti-RF) antibodies in finger stick capillary blood
[76]. The LFA is based on antigen and antibody interac-
tions. The results indicate that it may be a valuable tool
for the diagnosis of early rheumatoid arthritis. However,
the agreement of the anti-MCV and anti-RF values is
low between capillary blood and EDTA-treated whole
blood. Hence, EDTA-treated whole blood-based diagno-
sis is not recommended to replace capillary blood-
based diagnosis.

Some microfluidic instruments have been developed
to monitor various proteins. For example, a micro-pat-
terned paper instrument has been developed to meas-
ure two enzymatic markers of liver function (ALP and
AST) and the total serum protein from finger stick capil-
lary blood (Figure 4(C)) [74]. This instrument has four
components: a top plastic sheet, a filter membrane, a
patterned paper chip containing the analytical reagents
and a bottom plastic sheet. It could perform both sam-
ple preparation and target detection, presenting both
qualitative and quantitative data. It has some advan-
tages, such as requiring only a small amount of sample
(10-20 pl), and including integrated sample preparation
and detection in one instrument with multiplexed
detection ability. However, some potential problems
(e.g. protein denaturation) could interfere with the
assays at higher temperatures (e.g. >37°C), so more in-
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depth stability analyses are required. Additionally, clin-
ical sample analysis is also essential for real world
applications.

3.3.3. Other tests

Capillary blood has also been used for other tests, such
as nucleic acids and heavy metal ions. Some microflui-
dic instruments have been developed for detecting
nucleic acids in capillary blood. For example, the filtra-
tion isolation of nucleic acids (FINA) method has been
utilized to extract DNA from heel stick capillary blood
for the detection of HIV-1 proviral DNA (Figure 5(A))
[20]. This module is prepared by sandwiching a Fusion
5 membrane disk between a square 707 blotter pad
and a thin sheet of Parafilm with a hole in the center.
Additionally, Triton X-100 and NaOH are respectively
used to lyse the blood and remove cell debris. After
quantitative PCR ampilification and detection, the results
show that this method could achieve a detection limit
of as low as 10 copies of HIV-1 proviral DNA and the
detection of three copies extracted from 100 pul of whole
blood. In addition, an integrated microcapillary-based
loop-mediated isothermal amplification (icLAMP) sys-
tem has been developed to achieve the on-site extrac-
tion, amplification, and detection of single nucleotide
polymorphisms (SNPs)-typing of the CYP2C19 gene
from untreated finger stick capillary blood with minimal
user operation (Figure 5(B)) [79]. This system is fabri-
cated by sequentially inserting a piece of an FTA card
sample, a wash solution, an amplification reagent, and
water into the micro-capillary system. Compared to the



CYP2C19 genotyping kit, this system is inexpensive, has
low sample/reagent consumption (i.e. it only needs
0.2 ul of sample) and user-friendly.

Metal ions in the environment may severely threaten
human health. Therefore, it is necessary to monitor
blood metal ion concentration to predict health status.
To date, capillary blood has been utilized to detect
heavy metal ions. For example, the commercial Lead
Care |l Blood Lead Test system (Atlanta, GA) can moni-
tor the blood lead concentration from 50 pl of finger
stick capillary blood in children with disposable sensors
via electrochemical detection (Figure 5(C)) [80l.
Compared to the venous blood lead screening by the
Lead Care Il analyzer, this testing method is less painful
and thus more suitable for children.

4, Conclusions and future perspectives

Arterial blood and venous blood are usually utilized for
various routine testing in a clinical setting. However,
skilled workers are required for sample collection, and
the collection of arterial and venous blood always
involves invasive and painful procedures, which are
especially less suitable for specific populations, such as
neonates and the elderly. To reduce patient anxiety, a
less-invasive, painless and risk-free capillary blood-
based diagnostic testing is required. The development
of commercial products and microfluidic instruments
has led to the use of capillary blood for various clinical
tests such as blood gases and electrolytes, standard
hematology tests, metabolites and other tests, as it
offers great potential for POCT in a low resource
setting.

Some challenges need to be addressed to bring
capillary blood-based technologies to the next level. To
date, no study has demonstrated the integration of
capillary blood sample collection, sample preparation,
detection and analysis of the results using an all-in-one
POCT system. First, sample collection tools are not inte-
grated into the detection system but instead require
complex operations and are highly dependent on
skilled workers for systems (e.g. the EABC® system). To
address this challenge, a simple and easy-to-use collec-
tion tool (e.g. a micro-needle [47]) should be developed
and integrated into a single POCT system to simplify
the steps the user must follow. Second, some commer-
cial products are still large and cumbersome, so they
are less suitable for bedside testing (e.g. the ABL 80/90
system [49], the GEM3000/4000 system [51]). To address
this limitation, a simple and portable detection system
(e.g. the i-STAT system) should be developed for use in
remote or resource-poor settings. Third, several micro-
fluidic instruments still require a high power supply

(e.g. a miniaturized MIC [36], an epi-fluorescence imag-
ing system [62]), making them difficult for use in a
resource-limited setting. To address this problem, a
portable power system should be developed and inte-
grated into the detection system. Another challenge is
the production of an accurate and easy-to-read test
result. A quantitative analytical instrument (e.g. smart-
phone [81]) should be integrated into the testing instru-
ments to allow for accurate quantitative analysis. In
spite of all the challenges, we envision that capillary
blood will make a great contribution to the develop-
ment of cost-effective POCT for home-based or bedside
diagnosis in the near future.
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