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%% . EB i 1 ( Epstein-Barr virus, EBV) (5 I W REAS FEAT AR 2 & A F B 10 XU . I K % FH % EBV Hi
PRBREIN 7 A AEAE I R THFE R AR AR B i, AR L TAE SRR IN 7 %, B0 4% ( microfluidics ) FAR A
reaE f IKRIHAE D 15 YR SRR B R SO A S PO AR BT KRR i A i AU K R o
BEEL  REETRAME G TR o ST U R FH R W LI TR Y B ( PMIMA ) 15 Rt JEURE R 285 o DD 1 B
AN T T2 RES PR A o R BT I R Bk B A B e A B MR 19 2 6 ek 0 ¥ VR T T 2 PG R+
JNERIHBR A A, 2t I B RS VRS SRR TR g G A BT R A BRI 25 R RS B AR R
b= SN I RS HE BRI, A T RE SO I . AT 5 fb2 R G S M ( CLIA) K I I PRAEAS x| R 47 7 v 2
SRR AN, 255 B R MIXHR R 22 (RSD) ¥9/NT 10% , 5 20 DL IR AP UAR IS Jo38 UR Y, EB 5%
K 5EHE ( Epstein-Barr viral capsid antigen, EB VCA) IgG T H 46 HH B 25 1. 92 U/mL, 2875 4 1. 92 ~ 200
U/mL, BHYEST G350 95. 77% (68/71) , FATEART A %0 86% (43/50) ; EB VCA IgA T H A& HBR R 2. 79 U/mL, £k
TR 2. 79~ 200 U/mL, BHHESF & %0 92% (46/50) , BHPERF & %4 92.96% (66/71) ; EB Fi s Z 0P 1
(Epstein-Barr nuclear antigen 1, EB NA1)IgG 5t H (194 11 B>y 3. 13 U/mL, & PEEE DY 3. 13~200 U/mL, FHPESRT
N 92.96% (66/71) , BITERF 4750 92% (46/50) ; EB NAT IgA 5 H (K B 1,53 U/mL, Lk M6 A 1. 53
~200 U/mL, FH¥EFRF A3 0 90% (45/50) , BITERF AR N 91.55% (65/71) , 4 /NI H fEFE 20 min P PR 5 AR,
5K P CLIA J5 kI i 285 A R AP A AHSCE | ol DR I R AL — Pt R B (M | B s AL R e A

Gr LA R ik
SRR SRR s WE SR DO EB i B 5 TR e
FE Y2 S.0658 XRKFRIAAD A X E S 1000-8713(2022)04-0372-12

Abstract: Early diagnosis of Epstein-Barr virus ( EBV) can reduce the risk of major illnesses.

Disadvantages of EBV antibody detection methods that are commonly used clinically include
lengthy assay time, need for a lot of reagent, and low efficiency. Compared with traditional
detection methods, microfluidics technology offers high throughput, low reagent consumption,
less bio-contamination, and a higher degree of automation. Advantages of magnetic immunoflu-
orescence technology include high detection efficiency and a strong signal. The combined
advantages of the two methods can compensate for the shortcomings of traditional methods. In
the present study, polymethyl methacrylate (PMMA) as the raw material was subjected to laser
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cutting and vacuum hot pressing to quickly obtain chips. Magnetic beads labeled with antigen
and fluorescent microspheres labeled with anti-human antibody were then rapidly lyophilized
into microspheres by freeze-drying and embedded into the chips. After incubation and cleaning,
the last step was detection. Image J software was used to analyze the mean fluorescence inten-
sity and obtain negative or positive test results. To determine the precision of the chip, high-
and low-value samples of each item were retested 10 times. The mean values were calculated to
obtain the relative standard deviation (RSD) for several common pathogens. Furthermore, the
coincidence rate of clinical samples was tested using a chemiluminescence immunoassay
(CLIA) to determine the potential clinical application value. The RSD of the precision test for
each item was <10%, indicating good precision. The precision of the accelerated stability test
was not verified. Specificity test results revealed no cross-reaction with some common pathogen
antibodies, indicating good specificity. It remains to be verified whether the antibodies detected
by this method cross-react with other herpes simplex viruses, such as types 1 and 2, Kaposi’s
sarcoma-associated virus, and human herpes virus type 6 and 7. Of the 121 clinical samples
tested, statistical analysis of the data indicated good agreement with the chemiluminescence
immunoassay in clinical trials. EB viral capsid antigen ( EB VCA) IgG positive coincidence rate
was 95.77% (68/71), the negative coincidence rate was 86% (43/50) ( Kappa=0.828, P<
0.05), the limit of detection (LOD) was 1.92 U/mL, and the linear range was 1.92 to 200
U/mL. The EB VCA IgA positive coincidence rate was 92% (46/50) , negative coincidence rate
was 92.96% (66/71) (Kappa=0.847, P<0.05), LOD was 2.79 U/mL, and the linear range
was 2. 79 to 200 U/mL. The positive coincidence rate of EB nuclear antigen 1 ( EB NAl) IgG
was 92.96% (66/71), the negative coincidence rate was 92% (46/50) (Kappa=0.847, P<
0.05), the LOD was 3.13 U/mL, and the linear range was 3. 13 to 200 U/mL. The positive
coincidence rate of EB NA1 IgA was 90% (45/50), the negative coincidence rate was 91. 55%
(65/71) (Kappa=0.813, P<0.05), the LOD was 1. 53 U/mL , and the linear range was 1. 53 to
200 U/mL. Compared with the traditional enzyme-linked immunosorbent assay, the novel meth-
od featured a shorter detection time, reduced use of reagent, high degree of automation, and
less bio-contamination. Compared with CLIA, advantages of the novel method include multi-
item combined detection, long luminescence time, and simple use as a basic health service.
Compared with silicon and ceramic microfluidic chips, advantages of the selected PMMA mate-
rial include low processing cost, short processing time, simple processing technology, and easy
industrialization. A refinement that can still be made include the use of molding instead of laser
cutting technology, which can further shorten the chip processing time. In summary, a
microfluidic detection platform was initially built to provide a rapid, sensitive, simple, highly
automated, and easy to be used by basic health service for the quantitative combined detection
of EBV VCA and EB NA1 IgG and IgA.

Key words: microfluidic; magnetic immunofluorescence; Epstein-Barr virus ( EBV); rapid
detection
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EB %% & ( Epstein-Barr virus, EBV) J&—#f -
Fi B G # WA &, EBV YL 5 2R A K,
M MBS B E M EBV #IA A S 5 T
PR Y KR ALE . FE EBV A C A M i
SRR BN 2 EBV R G T 0 B w0 Y
P TR E AR 28 5, PR R 2%
SRR AR . 24 EBV HUAREE SR, 0T UL I
PREE {1 0 o i 1) 12 W K . 49 4. Epstein-Barr
viral capsid antigen (EB VCA) IgA F1 EB J5 5 1%
DPUE 1(EB NAL) IgA J2& e s F Y S i e i 25 b
4, EB VCA IgG .EB NAI IgG RO 45 54 B T
W R & JE T REA R ELISA 1y Jr
PR EB VCA IgA 1 EB NAIL IgA, F¢ 5447
B4 83. 8% F1 80. 0% , Mk & K ill EB VCA IgA Al
EB NA1 IgA RPN ik 90. 6%, Hit,EB VCA
IgG .EB VCA IgA EB NAl IgG 2 EB NA1 IgA I
BRI T AR w6 I ) R S v R HER T, A I
PRIZ B i 5 $ 148 T o 4 1 L 58 2 RS A i >

H A7 I R -k EBV Hi A i 7 vk £ 5 R
ELISA ik fl k2% & 65 4 B ik (CLIA) 35177
1581 ELISA 7 15 A7 76 K6 i B[] 48 K, 350 FH o
K, AR S SR E s, T CLIA Ik BAFAE AR
TR, R CHT R ANTE G 7E )2 BT DL ) A5
MR RSB S R B R R T B
RGN A5 T B | 4 45 SR R 5 O a1 1) B s A
4 (point of care testing, POCT) 4 it 52 3 AA]
PR, ORI HOR (microfluidics ) YL R 7E T AE
X AR RS IR T EA TR i (il 2RI I H
B, REAS DR UE = kG B e R R [l BA ) B
FEACIHAE/D | el i, B /N EIAE K B B A SRR A
B AL Y B R TRA TN, REAS PR | ] M AR HRUR:
MG, AR AR TE POCT S 2 A
TR R R ET R Gao S5V TR
FARHENT T HTH PR SR B R BehRE b a  R e
iy i, HeZe M L T LAGA 21 0. 05 ~ 200 ng/mL,
Ng 25 B TR s BAR #1028 HUR IR =
178- W — WA I ) fl i 4508 e, 45130 H 7E 6 min
PYENAT 45 5% AL SERY ELISA J5 0 % /0352 60
min,

HAr, T4 O AR 2 A i om0 Fr
o PSR BE A f R 45 0 R R ) R R
A Hi e Gyros /A F] 4 % 4 Biosurfit 2\ F) 45, H
W1, Gyros 23 Tl BT Gyros™ S 2 S 58 0 72 - 5

F BT 248 1 B A Sk oA Y HO R
TINTAEBE 225K, AR . Biosurfit 23 F] )
T A B LR R T Y Spinit AR EE &
FEGRERIN I EZ T C-J R 8 (A R =
T BE R AR A 2% 0 I TS A v ELASCAS A
WAL, ST, FRATTHE T RO B R K ok
PEDOC A i B R L 111 B G &l EB VCA
IgG .EB VCA IgA EB NAI IgG & EB NAI IgA 1)
oA TES it B TR Z &M mnik
T ABASFZ M RIAE O NI PERE , AT ARSI -4 il
BUAS Bt e B AE R Ae e v (HETR) 22 ) o e i e B
NEME S A Bk AR IR AR D T Gl R R
HAF AL,

1 SCIEEy

1.1 SR F S e

VLS3. 50 # 56V ##1 ( 35 [E Universal Laser
Systems /A 7] ) ; TBS-200 ff i 4 5 A 2 45 #UE AL
(WL #HE SR HEARERATA); Sorvall Legend
Micro 21R & {2 8.0 /L ( 3£ [E Thermo /A ) ;
R P I 240 PRy R AL (7 O 2 A W) 8 W) ) 5 Epsilon
2-4 LSCplus %5 % ¥ T4 ML (72 E Martin Christ
N S IRTESR ¥ 7% ( 35 [E Labnet 2 7)) ; DCMS #%
S E A B RS (#EE Leica 2 1)) 5 SOREE 8 A
REUFEHL iFlash3000 b2 & 56 e 3 Hr A (R T
e A R A A BR A D)

e IgA ST BEPUIA (5 mg/mL) FIHT A IgG
AT BEHTIAR (5 mg/mL) g H 32 [E Sigma-Aldrich 2y
F) R EE WL BR (10 mg/mL) FR 292 G Bk (10
mg/mL) I [ 2 [ Thermo /A &) ; EB VCA $iJ5 (5
mg/mL) il EB NA1 T (5 mg/mL) 14 H &I E
W e 2 R R4 A BR A ] 5 2R 1l 88 (BSA)
(orpral, i Thn T AR R ey A BRA R ) 5 1
% B ProClin300, NaCl, N-¥2 & 3§ 37 Bt T e
(NHS) 1-(3-“H & FE NI ) -3- £ 3t — 0 e 26 i
iE(EDOC) (4314l , 36 ¥ Sigma-Aldrich 237 ) ; B H
FEPVIA TR H R ( PMMA) AR A4 (it fe W 5 1 BHE
AR s UK (1 3M A Hl) . 2-( N-Rg ik
f£) ZHER (MES) [ 2-(4-(2-5 2 35) TR ) Z 1 R
(HEPES) B2 — S 81 W IR S —4h (53 #r gk, g
25 45 A AL 22 X 0 A BR A R ) 5 B R 3 2% vh Wi
(PBS) #7K (10 mmol/L) 4 A 4t 5 4 T A= PRk
BN A ARG H RN E DR SRR SS s
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1.2 fMmEShRfERE

s R ORI AR S 28 R AR S 5 1)
T2 BARE B B e it i &)= 4k 4544
B R 1, SRIGIET4 R S AR5 Al B
ZA3EE 2a Frsdt 5 20 = 4e85 R B, 51
R ARG A IEZ TR A
FEHZE . KT 454 B 5 A VLS3. 50 Universal 3%
SV EINLH B B E L, L PMMA AR 8 8 B b
BEHERRIE 1 PR, VIR AN 2a /9 5 2450, 0f 4%
HE & 2a IR 4, AT 4 B s SRR, 76T
JE 0.5 MPa iEJE 0.7 MPa, 50 C /&4 T #JE 5
min, BIA5240& 3a FrR BBOR 8 A, AR

S E 2R UL 1 A, RIS F ILIE 2¢ I 2d.,
1.3 fmES il s &A%
1.3.1 EB VCA EB NAI 07 18 B % w7 %
LI 45 2 mL 5 mg/mL ) EB VCA $ 5 s B
B, EB NA1 HrJs BCrE kA3, ik, B e
B 0.5 mL(10 mg) #Y 1 pwm ¥R ILREER , FH 5 mL )
MES (50 mmol/L, pH 6.0) 28t ¥e % 3 ., R
Ja M AE AR EDC F1 NHS 4% 25 mg, fE%E 1 T,
PO B T ISR 5 & A R 30 min, £
# 200 wL 9 EB VCA )5 i1 £ 5 mL ) MES (50
mmol/L, pH 6. 0) Z& #hi  , e il b R, K-t
WOMEREA T ALREER W B O N AR R T R B0
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Fig. 1 Schematic diagram of the two-dimensional (2D) structure of the chip
a. 0. 4 mm polymethyl methacrylate (PMMA) ; b. 0. 4 mm PMMA and 1.0 mm silicone gasket, and back surface with pressure sensitive
adhesive (PSA) ; c. 0. 4 mm PMMA and back surface with PSA; d. front and back surface with PSA and 1. 5 mm PMMA; e. 0. 4 mm PMMA.

M Silicone gasket

B Interactive control layer

M Chamber storage layer

= Fluid channel layer
Flexible valve layer

m Top layer

B2 BRH=Z4ZHTEE
Fig. 2 Three-dimensional (3D) structure of the chip
a. 3D explosion view, the exploded view drawing of panel displays the interactive control layer (al), chamber storage layer (a2),
fluid channel layer (a3), flexible valve layer (a4), and the top layer (a5) ; b. 3D structure view; c. view of the flexible valve 3D struc-
ture; d. schematic diagram of the flexible valve.
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B3 &hRETREKME
Fig. 3 Pictures of chip and lyophilized microspheres
a. chip; b. lyophilized microspheres; c. detection pool with
lyophilized microspheres.

EETHEH RS MR Y 24 h, 372 RIS
Ja FUE 3 IR, e —IRUERG , EEMIR T 2 mL
VRS PN, SR REBR R BT W AR 5
mg/mL,

1.3.2 FuA IgA A IgG BB AR 20 ek 7 %

PI#145 1 mL 0. 5 mg/mL $i A 1gG B 72t
TER R ], BTN IgA BERZOLIER Y ik R, Jr
P E SR 10 mg FREEFER, A 1 mL MES (50
mmol/L, pH 6.0) Z& i, 7£ 14 000 r/min A9 2514
TEL 10 min, 7R VW, A 800 pL 1 MES
(50 mmol/L, pH 6.0) & Wi, #1775, RIGFK
B 10 mg NHS F1 10 mg EDC 43 %% T 1 mL #12. 5
mL ) MES (50 mmol/L, pH 6.0) ZZ g, 8%
IRAIE 4091 100 wL NHS A% Fl EDC % 0% i
B2 4 PO RERIE R T RG IR BTk
JEHEREIRS) 20 min, #0555 BIHW, A 0.8
mL HEPES 2% 3 (20 mmol/L, pH 7. 4) 2| &.00%
H A 1 ming SR )5 HC 100 uL T A 1gG (5
mg/mL) FUARER AR &0 T IRGIRS ,, E il
TROETERZIR S 2 he SRJG A 100 pL BSA %
(20 mg/mL) HH, FiR T, BOLIEEIRS 1 h, B
DF#FELEE®R, A 1 mL PBS % # (50
mmol/L, pH 7.4, £ 0.2% ( JiE4%0) Tween 20+
5% (o1 4 B M RERE) B A JE BRI AT AR 3] 0.5
mg/mL BRIt A 1gG BRI ZE BRI 1 mL,
1.3.3 RAMER Bk KR T F &

BRI v, L1 L gk e A 1 1L
afisk P A 1.96 g PBS ¥y 4 .8.77 g NaCl, 10 g
BSA .10 g /%8 .1 g ProClin300, JH /& & 2% b
IR 1001 S 10 21 A9 B A5 43 500 548 B B S )
TSR AR IR A BT AR 1) 5 S R B VA e B T4

W, K1 L AEE A PRI & b, PR Bl AR AR A P
G BRI A . FR AR B TR 20 wL, T
TEREARAR ALY L7 p i, TAER SRR A R
HURBCERTY PR VR T /NER G RS 31 L 2 R T AL AL,
HEATTROR | E TR LR T R T I B9/ N EKik
EAE TR T A (WK 3b M2 3ce)

1.4 RomiEds Ryt

ASCES RS A B A A R RIS e A= R B e A A7
PR ] (YHLO) A G &l N i it B AF 32 247 55
DB O IR R S EW A B A B4k T
B R8s R [ T AR
1.5 fMmEthRNFEERERAZX

K G e DGk R B TP R BR- PSR- P 44k
THIOEHIRE G, WK 4a, BRAERTE T
UL 4b 4c 4d de R 1, TR,

DR A0 IR A TR A A i B I L
FECREAS) | 18 MR A AR IC B 30, 70 205 28 1Y /6 | 1)
(i) ) P R RS 25,6 min P H 31 58 1L
B—E .

S AL IR A0 IR AR TE SO Rk i) v
JE AL N 25 85 K ZEAX AR5 R 6 min N A 3
SERE —AIRE

TR <A FH A A 7 1 15 VT 1% T 3 s i £L
JNVE VW, ZE AR FEHI T 6 min 4 8h 58 B U

a0« 3 2 i 455 X5 O W R AR BRIk Y
Kl F 38 Image J BIR 20 B 814 1 40 BRI 26 D' 8]
FPRAT AL 2% W 3 ANiE0E , FH Image J X &% (038
NS BriR  S  =Rea 2 IR X3 R S i35
1.6 fREREH RERFERESE

Bt ff BC 7 v UCEE 5 il R R A YHLO
b2 KOG RE AN (iF1ash3000) I 5E S BHPE B v
HIMIEREAS H3X 5 BIREASR A 5, H iFlash3000 £
UGN 3 Y, Fk: i) i B2 BT M (EAE S REAS 1) 5
SCHRBE . HAEATR BERCR O VR B IR A s A T
ke, 43 BIBCHI AL 0.6. 25,1525 .50,200 U/mLA%
6 MRE RIS HARUES . FadEdb B 1 mL 43
BT 4 CRAFEH,

B A G AE R E ik DLl R AR AR
iFlash30007 325 5 (B B H0 187 ) V5 2% 0 A
T S ) 45 Bk FE ] OriginPro 2021 4k 4
HEAT 2 3k T AF $5 1E il £ ( receiver operating
characteristic curve, ROC curve) 738, i i& A F
1 B 13 I SLE ( optimal operating point , OOP ) ,
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Table 1 Control procedure of chip detection process
Number Rotational
Stage b t/s Control Specification

in Fig. 4 speed/(r/min)

First incubation 1 -

magnetic beads accumulation; valve open
magnetic beads re-suspension; valve close

magnetic beads accumulation; valve open

magnetic beads re-suspension; valve close

magnetic beads accumulation; valve open

2 500 10 valve close
3 800 10 valve close
4 500 300 wvalve close
5 800 10
Second incubation 6 -
7 300 10 valve close
8 500 10 valve close
9 800 10 valve close
10 500 300 wvalve close
11 800 10
Cleaning 12 - -
13 300 10 valve close
14 500 10 valve close
15 800 10 valve close
16 500 300 valve close
17 800 10
Detection 18 - - -

sampling

sample guiding

sample aliquoting

reacting ( bi-directional running with 120°)
draining

adding deionized water (DW)

DW guiding

DW guiding

DW aliquoting

reacting ( bi-directional running with 120°)
draining

adding cleaning buffer (CB)

CB guiding

CB guiding

CB aliquoting

cleaning ( bi-directional running with 120°)
draining

signal collecting

. no control conditions.

a. Indirect magnetic immunoﬂuorescence)

—

b

O Antigen-coated magentic beads

N = /t = )k Antibody
First / _ Second ,J
incubation = incubation g /1 Antibody-coated flourescent beads
b S~ <
= AS
c S ZE N (G
d ZEN e [ e () |(En
% i» Q s O eg 5, % lé—Jiﬁ g CHONO %
e B Sample Fluorescent beads mixed with water
m Sample and magnetic beads ™ Fluorescent and magnet beads mixed with sample
B Valve closed Cleaning buffer
Waste liquid = Washing
m Water B Detection

& 4

SRENRRERSE

Fig. 4 Schematic diagram of chip detection process
a. first incubation step; b. second incubation step; c. cleaning step; d. detection step; for information on No. 1-18, see Table 1.

HEAT FCABARAS I TE 1, o T foe A i S U %E SO
P AR T SRl B U 5 SR AP

1.7 MHEETEMIEIR R St F A0 E
FREE- S R EK ;LA iR bR o i e B S e A
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Fr(X) , P56 EE N AR (Y) >R Graph-
pad Prism 9. 0 #4400 & A5 o it £ 07 B2, AH G R 5K
(R*)=0.99, P<0.05 RMHLHRLF, KR Fir
DZE 20 YE MR BEARE S 1) -9 B 15T
8 (AV) A2 (SD) , IYI(E AV+2SD 1 v
AW TRl 2 W = 0 VA SR i e Ny <3 4
HRR

M BEHCREAN T E 1 AR BT
310 Wk, ge it DI 24 18 O 11 5 AR X AR UE e 22
(RSD) .,

T S PR A S = WA 1Y B 40 AR # ( Cyto-
megalovirus, CMV) 3tk IgG . 5 JE H ( Toxoplasma
Gondii, Toxo) Hifk IgG ili % 32 )51 ( Mycoplasma
pneumoniae, MP) #ii & IgG . X2 J% 7 ( Rubella
virus, RV) $iik 1gG /K 5 -1 R I 925 B ( Varicel-
la-zoster virus, VZV) #{& IgG EB VCA IgG.EB
NA IgG .EB VCA IgA EB NA IgA $i{& MR H
AT 0 e AT 28 SORCBE R I, 43 B s R R R
S

Giit2F A B . R i Graphpad Prism 9. 0 %0441
BAnE L Ty B R A 0 s 5 CLIA v& A il
SERBIAHSEE ST I0E, R =0. 95, WA M et R
4. SRJH SPSS 26. 0 F A x o 5t ik 5 CLIA
D7 kK2, R k1T Kappa K256, % Kappa {E7E 0. 8
~1 Z[E],P<0. 05, W AT DADA A W Ay v Ao A ) 45 SR
—HUPERLT . R OriginPro 2021 % F4i1F Bland-
Altman EIXHR 0 ik 5 CLIA Jrikifm RIS,
BT —BE T, Ge it 95% EAF X a1 AR FEA B
i,

2 HR5ITE

21 BRBESWRIE

ISR A 1 S X0 e A T AR 0
B (ULE 5a) FLES i 18 = 4E 454 & (LB
Sb) il i AH 5 e 2 B A 1T LA AR A5 5 R VR JE 3 T
REA AR, TREE R AT LA B ULk Jsz e U 38
TR R e R B 5 i 368 A A T AR R

] 5
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Es5 RNXEEXRERHETH(a)BHR(b) =4 REE
Fig. 5 (a)Bright field and (b) 3D diagram of the detec-
tion area observed using confocal microscope

BT S [i) A 9 3 3 A R AR R R B S, ek
TR B R 48 FRUBSCH R L 2% 2, 45138 1A 1Y) 7 S TR
1E 90~ 100 pm Z 8], X2 AH ST fir RO G #) T
CAELRIEEIE N TORES RAF RSO0 T RES 2 i 5/
TREEJL
22 EEIRFE

AW H 24 ROC 4, 451 H ROC i1 £k
WK 6, OOP, #h4k T J5 i 1 (area under curve,
AUC) ,OOP X 1 i fURREE K e S L3 3,
2.3 KT EHEIE

ARWFFE I E T B B RS fox IR 10
pg HiEkE: (50 wL PR ) (10 pg PGBk E (5
pLdiar) (10 pLAHEA G (FEA 1:20 #kE) Byfk
£,20 min PN 58 RAS I, 4G 25 SR 4 BH A FD I
B, a7 i s o W13 B R AT DA% 31 6 2K - Bt

x2 ERESAREREBEHESEER

Table 2 Maximum depth and cross-sectional area of each channel

Channel location

Maximum channel depth/pm

Channel cross-sectional area/p.m?

Between sampling pool and liquid separation pool
Between fluorescent bead pool and liquid separation pool
Between left fluid sac pool and fluorescent bead pool
Between detection pool and waste liquid pool

93.51+2.94 15935.2+712.5
96.44+3.28 16718.7+654.6
92.43+3.66 15502.3+857.4
96.93+2.78 16614.1+811.3
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10 . 7’ ’ ’
1 |-' EB VCA IgG 0 EB VCA IgA 7 EB NAI IgG EB NAI IgA e
0.8 4 . - ]
2 06 ] ] i
2 1 . /7 7 /7
024 ] d ]
0.0+~ |"I"'I"'I"'/"'I"'I"'I"'I"'/"I"'I"'I"'I"'/"'I"'I"'I"'I"'
00 02 04 06 08 00 02 04 06 08 00 02 04 06 08 00 02 04 06 08 1.0
1-Specificity 1-Specificity 1-Specificity 1-Specificity

B 6 EB VCA IgG.EB VCA IgA EB NA1 IgG % EB NA1 IgA () ROC #i% (n=121)
Fig. 6 Receiver operating characteristic curves (ROC) of EB VCA IgG, EB VCA IgA, EB NAl IgG and EB NA1 IgA (n=121)

#3 ROCHIZTHRERAS REE BREMETHAERRSEFERY
Table 3 Optimal operating point (OOP) , sensitivity, specificity, area under curve ( AUC), and reference sample number
under the ROC curve

Normal serum

Positive serum

Item OOP/(U/mL) Sensitivity/ % Specificity/% AUC
sample number sample number

EB VCA IgG 46 75 9.97 93.3 91.3 0.9788

EB VCA IgA 70 51 9.95 92.2 92.9 0.9784

EB NAIl IgG 51 70 9.97 94.3 90.2 0.9672

EB NAI IgA 52 69 10.05 90.4 92.8 0.9727

Dark-field images

Positive

Negative

Blank

B 7 PR AR =B ERERNIKE(EB VCA IgG)
Fig. 7 Sample test images of positive, negative, blank control ( EB VCA IgG)

Bright-field images

Positive

Negative
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JE-BUAR- — Y- DO MR E S W BORAS A, W (EREARHY RSD B/ T 10% , fHR 24575 ik — 2 5o ik
G R ] LU Tmage J ARAFSRBCFAZO0E  IEBIR R T RS ®E

JE | PR30 2o 790 - SO0y R R R B L B KA 4 STEMOHRR LM X R R

Hz{xﬁ@/:{%);%é}%lj j’q 2.25 U/mLM 1.69 U /mL, :l:";j Table 4 Linear relationship of dose response
N N N . and LOD of each item

8T 9.97 U/mL, KB, FHPEREARWEE Jy 33. 10 _ .

. . PN Item Regression R Linear range/  LOD/
U/mL, =19.97 U/mL, A BH P | ﬁjﬁ;ﬁo equation (U/mL) (U/mL)
2.4 ll‘ftﬁ'égﬁﬁE EB VCA IgG Y=0.8532X+9.044 0.9984 1.92-200 1.92

%Iﬁ E E,(J ?ﬂlﬁfiﬂjéﬁﬁ @Uﬂ ﬁﬁi Rz gjé,r,.lpﬁi %] EB VCA IgA Y=1.150X+9.354 0.9958 2.79-200 2.79
) EB NA1 IgG Y=1.127X+7.172  0.9986 3.13-200 3.13
N i 2 LE 3
ﬂ:‘ﬂﬁ\jﬂj BE Jb%é 4’ R igj(ﬂ: 0. 99’ p ﬁiglj\ﬂ: EB NAIl IgA Y=1.191X+14.77 0.9952 1.53-200 1.53
0.05 o Y. standard fluorescent signal value; X: standard concen-
FEEMHIRELERINE S5 Fin L4 AT H 1 & AR tration, U/mL; R?: correlation coefficient.
x5 BEDBEESHNKER(n=10)
Table 5 Repeatability test results of each item (n=10)
Sample EB VCA IgG EB NAI IgG EB VCA IgA EB NA1 IgA
No. Average/(U/mL) RSD/% Average/(U/mL) RSD/% Average/(U/mL) RSD/% Average/(U/mL) RSD/%
1 17.36 2.86 19.21 4.7 15.18 6.54 22.56 4.02
2 135.8 4.17 73.67 5.2 96.98 5.83 100.12 5.5

FEFREMNES R o bR S H B AR [R5 E 1 BH M7 AT EE R BEAT kappa — Bk 74T, IR0 5 %
P ML 37 A A 00 328 A BH P 41, CMV , Toxo . MP RV | FH BH P25 AR K F 80% , 4% Kappa {H147E 0. 8~ 1
VZV EBV It 6 fifi [FARBUAR I MIEREAS , SO $E 20,4 PAEYI/NTF 0.05, v LA B FP 7 2 i K
O M S 127 B | SR BAS S e i o S PR A M5 R — vk ear, Wik 6,

A5 STyt i —25 Bkt B Rl it i 5 A 2 %6 STEBEZLNRE Kappa &
ﬁ% im $gﬂ€g§ %ﬁ% 1 KA 2 R «,5 {Bz {}IC Ij:] JE.? 7|:H 5‘@ Table 6 Methodological comparison and Kappa
e ISR 6 T T T AT A UR R, oo o
oincident rate
2.5 5 CLIA iﬁ H"] 7‘27 iﬁ 5‘— tt XTJ' Trem Positive Negative Kappa

FrAKE I 7 k5 CLIA Rl J7 i i &5 3 it 47 41 EB VCA IgG  95.8% (68/71)  86.0% (43/50)  0.828
XA ST OB YAy o b T R e
(EB VCA IgA) .71 5l (EB NAl IgG) & 50 {4l (EB EBNATgA  90.0% (45/50)  91.6% (65/71)  0.813
NAI TgA) ifi /R 1 i YHLO b2 %G55 £ ik FIF Bland-Altman [ % 11 PRI 045 SR 47—
ARHERFEA . [RTUCHE 50 (1 (BB VCA T6G) 71 gy jpgee 11 almas SR 4nFs 8 B, 95% B 131X
PICEB VCA Ig) .50 I (EB NAL 1gG) J 71 B0 ypp gy e e by g 3 i 7, MO B85 0 25 5
(EB NAL TgA) #23 VHLO AL ROCKIMBA G o170y bz mpefeiak 1ol iz, o
PR REAED DI SISOy gyt ik B ATBeF1 — S0
RO A B S A I ES e R AT A | AAS D7 v D A5 1Y

%X 7 %&T1H Bland-Altman B 95% E15 X B MR S LE

/ZU—E {Ejj Eﬁ ﬁé*’%(X ) ’ A CLIA {f{mﬂﬁl—z} E/‘J{;&E‘F {Ejj Z}‘)\ Table 7 Sample proportion above the 95% confidence
AFR (YY), o3BT W R 7 B4 I 45 SR A e 4, EB interval of Bland-Altman of each item
VCA IgG EB VCA Ig A EB NAI1 I gG 1 EB NAl Item Difference vs. average Ratio vs. average

A : n/\n‘ . EB VCA IgG 8.3% (10/121) 0 (0/121)
TgA HYZRPEINE 5 #5352 ¥'=0. 999 4X+0. 096 09 EB VCA IgA 6.6% (8/121) 0 (0/121)
(R* =0.9993) . Y = 1.002X - 0.028 18 ( R* = EB VCA IsG 7.4% (9/121) 1.7% (2/121)
0.9979) .Y=1.002X+0. 047 66 (R*=0.9992) fll ¥ EB VCA IgG 8.3% (10/121) 0 (07121)
=0.9953X +0.07087 (R> =0.9994), P # < 2.6 RERAF AFHARRBE S
0.000 1, £&5iH kXt iy BE ) # R? ¥R F S A R B AR = B R O R A R 2R R
0.99, P {H¥/NT 0. 05, Bl e 417 TR B FH REER TR 9O CIER B PR S ik 2

FIH SPSS 26. 0 FAEX A KM I k5 CLIA K o HRTROREOE o BOA ) 32 200 REHI AR = 2R
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Fig. 8 Bland-Altman statistical graphs of difference vs average and ratio vs average of each item
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Table 8 Cost list of chips, reagents, and instruments
Material Category Cost/Yuan Total/Yuan Specification
Chip sheet chip material 5-7 8.68—11.18 price from large production ( 10000+ )
PSA chip material 1-1.5 price from large production ( 10000+)
Magnetic beads reagent material 0.2x4 price from commercial products
Fluorescent micro-particles reagent material 0.08x4 price from commercial products
Antigen (EB VCA and EB NAl)  reagent material (0.3+0.35) x2 0.3 for EB VCA and 0.35 for EB NA1, both from
commercial products

Antibody ( anti-human IgA and reagent material (0.03+0.1) x2 0.03 for anti-human IgG and 0.1 for anti-human
anti-human IgG) IgA, both from commercial products
Centrifuge module instrument material ~ 2500-3000 6000-7500 price from commercial products
Microscope module instrument material ~ 2000-2500 price from commercial products
Fixation module instrument material 300-400 price from commercial products
Valve control module instrument material 300-400 price from commercial products
Magnet control module instrument material 600-800 price from commercial products
Software 300-400 price from YHLO
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