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Fig.1 Smartphone-based visual biosensor in point-of-care testing (POCT)
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R (TMB )-Hy 0, S A4 Z2 0 T AR Um0 B 86 B (wPAD) 1, FI /KA H,0, A AR BRAE L (]
o Hy0, 5 B AT (TMB+KI 2 KD 7EWPADs H & A4 B0 7, HFHLIC SRR (1 2) 3R BCHARHE R .,
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Fig.2 Detection of H,O, through color change using a smart phone[m
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Fig.3 Colorimetric paper-based analysis system based on hydrogel for detection of glucose
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LA 4.0~8.0
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APP 4 AL B 2%, A JE TR 9K JBURE (AgNPs ) A 2R TR IG5 F7 B B0 722 5280 T miRNA A9 b (k6
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Mo ZIEALET 100 L FEAS BV RTASIN A4 BE 7R Mk 2K miRNA-21, JF7E 1 min PIAFEIZEIR

H T, T8 O s R A A R BE WL L (AR IR IR H o — . IR ARG SR . A
AR AR ] 25 e ot BRI T POCT AR R | A3l A RS F o fifp ke o 6 [ U B 2 2 AR R 9
NRAEVE, B2 A Kl I ER  IF st i bhilis T2
1.3 ZADHRN

50— A WIER SIS I LG | AR W5 5 2 2023 ) ISR R AT 5 s 8 Wi e v O i EL T



552 1] SERT A« BE TR BE T HLAY AT LA AR 1% SRt A ROV RGN v ) T 5 12 149

AL TR T . BRI BCR AR A . AAIHIE & 200 0] DL B A 4 B B AS 1 AE 4
FRAEWD, AT R M8 5 2 v s AR R O B s R AR X 22T % T —Rh e B IR I =X A L ¢
TS S T I W 2R A YAR &Y OIS AR . AR . BUIR IR A pH (8 BRI (< 4) o
AL IR T 2 i R T M s A BE AL T b o A RE AL R R, (B 5y
Mra A 4 RGB S8, e B S % X G 2 05, 8 1A S B bR/ i il 8 s
W NI A A fAREFPUR IR T LOD 40524 0.17 ¢/L. 7.0 wmol/L F1 3.0 wmol/L, X pH {E Al
SRR T R pH R4S, IF koo 1T R IR FIBrH R iR 25 . RIS, AT Bl JoZe A% Fn ik N = H2 AR
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Fig4 Wearable eye patch biosensor for noninvasive and simultaneous detection of multiple biomarkers in

human tears™”
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LOD 4 23 pmol/L.
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F B R LTI A T 2 B A RS A T T AR bR A g s I 7 | 33 8/ L T HOAG: BE LT
2.2 EYRSTFHRN

TR T — P LA 5 AL e eI RNA 575 , B (635 1R 12 20 RE AN BRI BE 77 9 254 4 407
Chung 25V JF R T 2T e T-HLAYZE O BT AZR R (oA 12 B A R I (A 2 o AARE R B e 25 67 17
RAGRIERTIN . 38T B ANEVE RS S5 AU IR DG U e e BEE B AR AR U At i b SR fd
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W . 2O IR E A TR A A R DU g 2 %) = REBUE AL 215, 37 T e e A

DAL AR OO A RSy TR AR 0 LT B B H SR e FHLLE A, v Se & 5F . A
AR B IR BAAG I 2| B s T L i . (R, DL IR e T EAMIME RO IR . & Sk
RIS SR R WRBO LB ROE A B RE THLE &, 45 SR | =13 s
PEEEAR Bl R b4 = F POCT Rl BE ) -
2.3 HEAIEN

BRI AR B RLAOR R Sl 7 30 BSR40 3 20 55 55554540 Moehling %5112
THREBEF VLAY HOW E % (PD) , 256 A 550 1 (LAMP) FAR & TR I ZK i i 28 ALK R
PR B AR RS . B RETHLLL 68 f5 ARG, Kl T 400 nm HE 8L FIZRIR)ZFTCYKRAL
FHPHUE O, 7E 35 min PO RN B4 B H AT 6 2 BLIE 41 (0.66 amol/L) . KIGFFIE (E. coli)
0157 :H7 J& E. coli B)—FM LG , S5 A BRI E. coli P2 —*" . Zeinhom %5 TP R T i &t
TR AR AE 5 R AR RGN B TR BE T LA 3 A % 4, SR WS FIXG B P E. coli 0157 :HT (1)
LOD 43324 1 CFU/mL #1110 CFU/mL.

T e 30 St ) A A T AR AR ) R J T 1) 22— A A% lakeds o R R A SR e L
Fe A SR A A AR R EA )RR A N, AT S SR, A A8 A7 AT PR R R R (E A IR A SR
4 [P, FF 2 FH 4 D A7 SIS W0 %) POCTT 25 i 2 X4 i A L 2 e 1 TRt g FHATE 9 () B AT 55
2.4 ZAHSwN

PORIMLAR (AA ) BNZE2E 2 C, HATIWRE . PRBTREAE ANV 4 1 b 4 A B 48T B i i 4 1 1l
(AAOx)J&—Fh &4 T | REMEAL AA 840, ZEAR N AT A b A B EA/ER] . Han 29997 & 17— RGNl
R AA FIAAOx WL . WAL S Fias, AA Gl RSO (TFE ) fli 4R (1) 48 24 5/ A AL B8 48 K R T
(Mn@ZnGe NPs) (9 NCHER , 451 A AAOx I, AA RSPk b SR AL A - EPT IR LR (DHA) R R A 1Y
UERN I B , DO o B T B R TR 54N T A BE AL, S5 T AA B “Signal-off” Al
AAOx 1 “Signal-on” FIARALAZIN , AA AL AL E BB AT LOD 435128 5~500 pwmol/L F10.13 pwmol/L,
AAOx LR MEASINYE FEIFT LOD 4354 1~4 U/mL F10.728 U/mL.
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2% % 5 (Chemiluminiscence , CL)J&—Fh PR AL2E RN 956K BTG 24k & 6 A1 T8
Pk Gk AL R ROEA ) W RIFR N AE 1 5 (Bioluminescence, BL) o CLARIEHARBEAT R R |
RS R . B (] 0 S 2 Gy R A L3 R B POCT BRI T Bez — . BlE B9 Kb
(ANGEAKRLT | & S FREMERR) 1 4 3 A5 AT R 7 ARG 7 BRIk, 456
BRETHLI A2 AL s R LA SR MBS I A M 32 3 12 e B
3.1 EYhaTFaIaN

Aguirre 25525 YR A SO RV BURIIE F L85 (MB) 2 A HE | 454 TAHLEDGIEI E R0 AA
AT RE AT, R Statgraphics G HEHUEFAL “Statgraphics Centurion X V17 Fa & SZE0 K B4 LATEAY
S5 B EUR A A AL BT AL B DG EdE . TEOIEAIET , 5 M RHE SRR DC R ECh 0.998,
LRMEVE Rl 20~80 wg/mL, LOD A 5 wg/mL, E &R (LOQ)HN 16 wg/mL.
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Fig.5 Schematic presentation of a fluorometric method for determination of ascorbic acid (AA) and ascorbic

. i visual [49]
0X1dase and a scanometric visua assay
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SEFE 7R T RIEE I 16 P 1 AR /R 70 (&1 6A ), 3 el IR 2 Y B (2 (o €6 B 1 €0 ) S e i Y v e o A ) 22 i
T, AT W) R G A A B R D) B0 1 o 32 X R L 52 7 11 i AR A AT B i I R sl A
Bl , 7R B0 B T AT LA v b AR DU 10 3% % , LOD /NT 10 nmol/L. Li Z 55 & T — M ERAEM K
SR BEREFE R (BRET) MRS M H AR AL IR AR G, T /0T 0075 5 IR AR 5 B AR 2R miRNA
WK 6B Fi7R, 1% ARG ICR ARG BRET AR, S ALAR Z R, 724 BRET (55, 78
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B) Schematic of amplified bioluminescence

resonance energy transfer (BRET) assay for miRNAs on paper
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3D FTERA G Z il R e FALHA R IC SR AOUME 5 IFHEH Image  J FRAF6f BAMHELY G/B R ATLE, 12
7 B miRNA e BRI (5 LB LR %A . I R EAETE A 2 fmol/L~50 pmol/L, LOD K&
1.7 fmol/L. ACIEAZERIER G A ZME . AL . W D DL K B35 v R S it (R A AE — 22 R R
P, AR AE — B ] Y RS e AT PR, I ELAE BRI 55 ZE T 2h i i), 26 SCBri A F 3z FR
I, T B — 20T R — S b BRI Z2 R 8 FH A3 BT 4%, AR 5 T4 FH P A B
3.3 ZHREAYREI
Michelini 250 % T —FHE T2 RE THLAY BL3D Ui WL igs . 1L IREs 53T T —F %R 7 kB

(NF-kB)5 5 2%, TS S RA K . R0 ST IE 1 . 24 PpyGR-TS Fll PpyRE-TS
w6, HA L= A2 () BL & SIS A 5 FAHL CMOS 14845 Bayer %8 [ A48 (6 RN 2T (3856 19
WEE SR E S, AT RS R BLAS S o (R RAS Rk BE IR %) R/G A, 15 2 M SRAE R
R e o 2R, 79 LOD A1(0.15 £ 0.05) ng/mL. Wu 257 % T—A CL WRIGET-4 , TR
PRSI I B . ARG T — R B R S R 531 (AlEzyme ) , A L 57 B9 S AL RETG M 7RI
H,0, FIIE O T RefE A& oK ™ A K i 1] CL, H & G605 908 I B R BE AR OG 3l it 01 APP g G i (1
SRR RGB IBUE, G/BIHS E. coli WeFETE 10'~107 cfu/mL & Fl N R L& 1E K & (R*=0.995) ,
LOD 4 1.74 cfu/mL,

4 ETEHEFIHNBUFRLEYEZR

HL k22 % (Electrochemiluminescence , ECL) J2& i HEL AL 24 i & ) —FPOGER ST LS, E R 4T k2
A 2 AT ) BB ARG SR 2 — % ECL B SRR . K BRAR AV ESE 0 5, B 2 B T
IS W AR A B, (R, ECL AR > B 48 UL 8RR , PO FH I G L AR 45 (PMT ) #8245 7
B L ARRE R 3 LSS F AR AR X SR D B RE TS A RO RS S B
Pl Bt 5AT ) R N R R
4.1 EH/hyFRIEN

AR BLAZRE R IR =R IR (ATP) , Ho 3 K SR P BRI 2RI AN 5 42 55 22 Rl A
S, DRI T 2 K I A TP 5 ) e 985 25 0 o) it B 0 000 A 0 12 e LA B BN . Nie 261511 Fe30,
NP@ZIF-8 481 AL FI R — B S5 1 5 (MoS, QDs ) 2E ECL {55, JE T T & 1 BIAS 460 ATP
(T S B RON P T 20 A 3L BHAT T Fe;04 49K T4 QDs HBR IR , 8 i 5
AETF-HL CMOS IR B4k ECL SUR iRk, 58 8 [ 321 & 3R AR s 0 W BUR . i vk
ALK 0.05~200 nmol/L {5 FEl %) ATP, LOD 4 0.015 nmol/L,
4.2 EHRSFHIKEN

B S e DL SRR B O T g [N R AN FL SRR (HPV) G 16 1 18 T ks
S Nie ZE 210014 T —FRR I HPV 16 (9 ECL LIRS . FIF & B2 LI EHB % MoS, QDs FIA JELP:fi
PR CutB0RE, iR R LA L 509 ECL HERE . BN R R E TR &, TG L N1 CMOS
FRIRER IS OB R IR R |l kAR Ab B A R 43 BE R SO R BUE FHL L, nT AN 0.1~200 nmol/L Yl
MY HPV 16 DNA, LOD 4 0.03 nmol/L. Liu 25/ 5% ] ECL LR AE S5 (ECL-RET /3 M 25 85 A8 &
ECL(SPC-ECL)f&IEAA , FF & T —F 5T BN ¥ 40 (QDs) [ ECL AL J4% (1 7) . BN QDs Fl4: 44
AT (AuNPs ) 4395 & 9 DNA A RS54, AuNPs 7% K BN QDs () ECL {55 . 24& 3% DNA F: 50
BIEFR DNA J& , & Je S5 RS2, BN QDs 5 AuNPs Z [RIAGIE SR f5 B BE AR L Y
CMOS 1&g 7 T LIRS S M55 3)] BN QDs B ECL A5 509784k . iZ1E e/ = BB R 1Y E. coli KN
FIASINFE LA 1 pmol/L~5 nmol/L., LOD 4 0.3 pmol/L.

HE RSy F I T EAMERREA BESTIL AL BRI KO % 3 BAE MR R T 2H %5 22 2 0
0 R ER A 2% T5E S DNA DU R RIS A8 7 oo
4.3 HEAIKEN

A1 BT 5, (GQD) Xt &R BA AL RORAE AT, 48 ECLAGI Hh 8% H 5 R s v A7, i 2507
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Fig.7 Schematic illustration of the electrochemiluminescence (ECL) DNA sensor
FIFH GQDs 9K & AR BN 54T ECL AN, A8 T 3 TR BETFHLAY E. coli MR SGE . % GQDs
YK G A PPREATTE = 5 TN B SR SE (2,2- 0 M RE ) &7 (1D /=R Beksr i 2 215k ECLAS 5 fEH . &
E. coli BUIRAB M , RGERIH RAFRZMEmN . SR HFHLE OVE R ECL ISR , & 615 5 th FHLin
IR APP #4753 81, LOD & 5 CFU/mL. i /4% GODs UK & 6l 5 FHLAR iAE—ii , 5
BT ARSAFN ST ECL 2087 o

5 #it

ARG T EET R RET WU T AL E AL IR AE POCT Rkl  aif b . 206, ot
PAKHAL S RO IR B, i T 2R A MR bR p A . SR, R 22 0 T RE LAY nl AL AR
el H HTTIAL TRL SRR BB, e POCT WF5E KW TR 8 Z2 Bk (1) RIS 2 4170 b s
YIREA RUAR R B 2 B B THERR P, TR AT [ IS 00 22 Aol ’S 0 )R8 R T HIL AT LA A= M0 TR 2 POCT R
KBTI SRR B — A E T 1. (2) H AT, 22 TR RE T LA rT AL R R e T BB 5 S B
SE ARSI 5 2 RIS AF B INERVE RS RRER o XU A i T LA JS PRl AS [ R 455468
RSO AR T AR RV R I 7 IE X R R R R, P & TR R T AL SRS s A5 mT LAk A
SN AT AE— D PR e ARG B AT S . (3) B TR BE AL AT AL R I BOR B NS & LT EOR it
WO SR BRI D REAR SR A U RE AL F b BB . SRR A SR 04T 5 2 TR fE
FHLH) POCT B i K EOR s ARILAL AR S AR, A . wT [liie ] A AN AR FEL B, Rt
B2 () PERETRIERT T 1T, BT A L 7 AT LUsE iR PO A RETRIHFE . AT A RE B A MR RRABTR
AFFE WO T S ROARIE o ER TORA% IR 60 SRBBCRE | VR R DR 1 2 A R A% G i S 30 2 3 B A
fvo P, A LEARALAERERR (sl LIRS A, S B AEHE H T ER s i . (5) i s A2 R M T i
FHLH PTG R AR BN 3 . 3D FTEDRAR MY AR T hH R AT AENT T (BARRE 139K B 3
PR IR B AR S R B AR DRL A FGATHRE R T o (6) B BETHLRAL AR SE B T AL s AN ] A i T
H., i CMOS AR R/NRE SRR m i, i T AR FHLE CMOS I BUR R, FHUR R A 225, iR
JEBIREMAFAEIR 22 o A SN R T AR () — 155 D P A ARSI 45 SRAR TR] | 75 2R AN R T-HLE A AL HE TR BE .
HEAh, T AR RETHL APP BRAE D5 U5 AT B T AGIN 7 ik AU AE) 3 A
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Research Advance on Smartphone-based Visual Biosensor
in Point-of-Care Testing

XIANG Xian-Xin', SUN Hua-Yue', CHAI Hui-Ning”?, YU Kun', QU Li-Jun',
ZHANG Guang-Yao ', ZHANG Xue-Ji’

'(State Key Laboratory of Bio-Fibers and Eco-Textiles, Research Center for Intelligent and Wearable
Technology, College of Textiles and Clothing, Qingdao University, (Jingdao 266071, China)
*(Department of Environmental and Municipal Engineering, Qingdao University of Technology,
Qingdao 266033, China)
3(School of Biomedical Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract Human physiological indicators have become an important standard for assessing health in modern
society. Traditional detection methods often require a separate laboratory, complex operation process and long
detection time, so it is urgent to develop portable, fast and accurate on-site detection technologies for bioanalysis.
Point-of-care testing (POCT), which differs from traditional laboratory testing, can realize the rapid in situ detection
of biomarkers without the complicated analytical process of the laboratory. Smartphones, which are an essential
tool in our daily life, not only have independent operating systems and built-in storage functions, but also have
high-definition cameras, which have great application potential in POCT visualization. The combination of various
biosensing technologies and smartphones has developed into a new direction in the field of POCT. This review
mainly introduced the research progress of smartphone-based visual biosensors in POCT in recent years, including
colorimetric sensors, fluorescence sensors, chemiluminescence sensors and electrochemiluminescence sensors.
Finally, the problems faced by smart-phone-based visual biosensors in the application of POCT were summarized,
and their future development was prospected.

Keywords Smartphone; Visual biosensor; Point-of-care testing; Review
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