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[EE] a6 Ty TIHERGLE (IGRA) , FIHRAZOCRRE S HE S —FR 2512 B4 1A (TB)
B . ok il HMEYEESEE (PHA) | TB fRRtER & 20K R [m 4t )5 (ESAT-6 ) IR
FH 10 (CFP-10) ] R4 MARA A y THZE (IFN-y) , FIWLIARIC 045 G i 20 EHE AR B 55 15 15K i
IFN-y HREE, 2 TAERHE (ROC) BRI HXT TB YRS Wikt SHZ kiR . SR pe |
R P PLERR RO ST I A ) — BT . 2 F PO HTIEAN IFN-y M2tk
FEl oA 2~1 000 pg/mL, HARAMFRH 0.3 pg/mL; #0100 pg/mL F1 500 pg/mL 2 MREFRAKE S IE, 2 NHE 28
SERBT AN 4.58% Fl 2.46%; [AISEREEI IR Fy 98.0%; =Mk HM<50 mg/mL. AHZIZE<0.6 mg/mL. IMZLE
<10 mg/mL Bf%f R eloe e e pr iR 25 R4 it ROC HZkinE % L2 W TB By i) S AEARBT E
10 pg/mL, ULATREEE N 82.46%, FrFEH 87.30%. %k S TB B T AR KE: (T-SPOT ) X5
£ . QuantiFERON-TB Gold ( QFT) it#I & FIJ7ZE TB-IGRA | &2 W7 TB B (1 A4 34010 92.5% . 83.0% Al
85.4%, Kappa ZE5r5HIH0 0.822, 0.622 F1 0.630. £ # ARHFFEESLAY TB YA Jr ik MERE R Ay, efmdEk sl
BERIZEP=MKT, HEEEM . Ry E A iR .
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Flow cytometry fluorescence immunoassay based on interferon y release assay: a method for Mycobacterium
tuberculosis detection

ZHU Jun®, MA Wei”, LI Ya-zhou, LIU Yun, QIN Qin’
Department of Laboratory Medicine, Changhai Hospital, Naval Medical University (Second Military Medical University),
Shanghai 200433, China

[Abstract] Objective To establish a new method for detecting Mycobacterium tuberculosis (TB) infection based
on flow cytometry fluorescence immunoassay and interferon y release assay (IGRA). Methods The whole blood samples
were stimulated to produce interferon y (IFN-y) with phytagglutinin (PHA) and TB specific mixed peptides (early secretory
antigenic target [ESAT-6] and culture filtrate protein 10 [CFP-10]), and the plasma was analyzed by double antibody
sandwich method combined with flow cytometry fluorescence immunoassay. The IFN-y concentration was evaluated by
receiver operating characteristic (ROC) curve for the diagnostic efficacy of TB. The linear range, minimum detection limit,
repeatability, anti-interference performance of the established method were observed, and the consistency of detection with
similar products on the market was evaluated. Results The linearity of the flow cytometry fluorescence immunoassay ranged
from 2 pg/mL to 1 000 pg/mL. The lowest detection limit was 0.3 pg/mL; the repeatability parameters (coefficient of variation)
of the samples at 100 pg/mL and 500 pg/mL were 4.58% and 2.46%, respectively. The average recovery rate of recovery assay
was 98.0%. There was no interference with flow cytometry fluorescence immunoassay when the highest concentrations of
triglyceride, bilirubin and hemoglobin were 50 mg/mL, 0.6 mg/mL and 10 mg/mL, respectively. As the optimum cut-off value
of the IFN-y concontration was 10 pg/mL, the sensitivity of IFN-y in diagnosis of TB infection was 82.46% and the specificity
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was 87.30%. The total coincidence rates with T-SPOT, QFT, and Wantai TB-IGRA reagent were 97.2%, 83.0%, and 85.4%,
respectively; and the Kappa coefficients were 0.822, 0.622 and 0.630, respectively. Conclusion The method for diagnosis of

TB infection established in this study has a good performance, with the accuracy reaching the level of similar products on the

market, and our method has obvious advantages in terms of repeatability and detection process.
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iR R — MY B, PR LA B A5 o
FiATE ( Mycobacterium tuberculosis, TB ) J&Ys5|
&, FAERBRIEGE AEGE 1000 J7, A #5100 J7
NHZE st B E Lo XS R, 45
IR WO TReAE 4R H 26 E 2. HAT, TB
YL B2 Wk BB AR S . PR AR
TB 3 7R DL S 850 & e WU S (tuberculin
skin test, TST) , {HKSEALGEREIN )5 vk i A7 75
R FRFEAR, MR . FE Ml Ak
AP A A (IR TB Rk
Bl ) BARERAERIE . ReasTRE AR LR, B
7o = KREiRi2 . W2 MAE 2011 4F gt 7
TPAEMLEX S, Hm—FEET T WRE 4
SRPEN BRSNS ARG 2SR, By
PEPHGAS: (interferon vy release assay, IGRA ) ™,
IGRA SR WFh TB e A EZHER [P0 A ) 471
J5i (early secretory antigenic target, ESAT-6 ) il
JEWFE T 10 ( culture filtrate protein 10, CFP-10) ] &
AL T kAR, AN Az R Rl TB,
HARNAETERT T b U 40 AR IR 52 BB S5l 3L
B, KEHETE AR i v THEE (interferon vy,
IFN-v) , Sl K0 TFN-y & i IR LA A7 7E
TB J&Y. HAl, 5T IGRA Kl TB B
FE G b AR 5 AR = B3 A Tl R A 928 B K

(enzyme-linked immunospot assay, ELISPOT) I
BEFEC G PE W B S ( enzyme-linked immunosorbent
assay, ELISA ) PAFl, XPF 5 PR i RE AR X 0T
Wi, FERTR . AIFRCREL, T IGRA J*ahTESs
BRI b e A 2, ARkt ARt
5 BTERA T G bk e s 2 e
T —FRELT IGRA JFHUGHIN TB B8 7%

1 #MEFTE %

1.1 EZXAAALE  Luminex 200 ZIHERR
PN E Luminex 23 "l =4, EliSpot
Classic B S EUCHFEE AID A H]F= i,

Multiskan fi#R{H 5% E Thermo AW, Y
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BEEZR (phytagglutinin, PHA ) 4 [ 3¢[F Sigma
o], AIM-V 53R [ 36 E Gibeo A ], JT%E
TB-IGRA {5 & A b st 7 A W25 e A
FRZSE, T 40 B 505 ( T lymphocyte
spot test, T-SPOT ) ik &M H L REEZ
(W) B ABRAF, QuantiFERON-TB Gold
(QFT) ¥ & A 78[E Qiagen /AH], IFN-y 4fi
i, TB HE iR & Z Mk (ESAT-6. CFP-10) | 11
SN NN TR NN b e LR IS FARG =
( R-phycoerythrin, RPE) ¥Jil L ifgd so ah 4
ey A BR A Al B L

1.2 #RARER  WE 2015 4E 1 1] 13 H % 2016 4F
11 H 21 HBEREERY: (B _EERY) KiFE
BESLEIZ IR 120 Flils R 4 MbRAS, 3L 2 el R
ZWIERHIESL I 57 Foh8612 TB B YR 4
MARA, 63 B BAPEXT 4 fiprAs, SRR
e Hrk I TR . UdE 2016 4F 7 J1 13 HA
2016 4 9 H 21 HK Mg ERE SR 133 iR
S MFRAS, Ar5R ) T-SPOT 327 608 MG K i
KA IE kA ; e 2017 4E5 H 22 HE
2017 4F 6 H 7 HKIGERE L R2 MR 47 Bl R4
MR, 433K A QFT il & M i 2ot e pe 43
Bl s WedE 2017 455 H 15 HE 2017 4F 11 A
30 HKIMGERSLEIZWRN 212 Fililh R4 bR,
Sy M FH T 28 TB-IGRA i3 & K i sX o 6 4y
PIERN . AR A4 R R (AR R
) KR BeAe B2 By 2 H It

1.3 AT IGRA 8RR R AT IE ik ey 5
1.3.1 RA#H 4% F PHA F1 TB HRPEES
JREEF AIM-V 55352 JE R B, O i Bl PH M ) R 855
FEW PGB FR 0 B 1 bk TFN-y PATT R f
B AEDE I TR b, il R AR S5 G ) TAE W 4%
93 1 #k TFN-y MsgEdiik S RPE (HEL, Hil ki %ok
A TAEW; 8 2 20 1T A 8 0 B R 5k 2%
I (phosphate buffer saline, PBS) } IFN-y 4[i
Bl AL 6 ANMRERRE (0,10, 50, 200, 600, 1 000
pg/mL) IALHE N
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132 2 #Es AAFRADBER MERE
ZIibrAs, DA 1 mL 200 MA N T, P 3 %%
B (N B NANRR RS SRS, T 45 WIINT TB ¢
SRR G ZRRARINE SR, P ARSI e S0k
ISR PHA (REPAE XS REER IR | seoriRATA,
BT 37 C HIRESRAE T 18~24 he
1.3.3 mAK e matr FERMARTEIMA
25 pL [EAHSE AP TAERR 25 pL AR5, finaE R4t
JEFGHRGRST; 37 C WG 15 ming FFF4E
S, BSOS C EAEREYE S B R B 1 min, SR
3, VAR 1K, 43 1 min JGFR
N_E3E; A 25 uL ZCESE Y TR, Jings B4t
JEFRT IR IRAT; 37 C #OGRY 15 min; WFELS
J& , B R AR EAEREYE SR 1 min, FASHRON
[V, I RARIRE 1R, 4788 1 min JEHSER
M3 A 100 pL B &K, £ Luminex 200 £
BT S A e AL A IR F 5 DR B
1.3.4 [IFN-y BHURETE  LIFHPOLE TiRE
( mean fluorescence intensity, MFI ) 2\ sd5, LA
MM SR FE AR AR AR bR, 38 3 B S E S AT
WA, ARG (B 1) o R¥Ezithdat
FAFRNAY IFN-y YREE RN JFARAS ROR [RI3G FR M5 T
IFN-y BRSO E
8 000
6 000
£ 4000
2 000

2(I)0 4(I)0 6(;0 S(I)O 1 ;)00
Calibrator py/(pg * mL™")
Bl 1 RAEHRESHTERN IFN-y BB 2%
Fig1 Calibration curve of IFN-y as detected by
flow cytometry fluorescence immunoassay

IFN-y: Interferon y; MFI: Mean fluorescence intensity

1.4 AT IGRA $R XK AL SI EG T k5
iy

141 %MEE YRS IFN-y &18 (1 000 pg/mL) .
fIME (2 pg/mL) FpAs, $ R EIm R TN I R b2
(Clinical and Laboratory Standards Institute, CLSI)
SO ARG I R G MR vk (EP6-A) 1,
W v (B R AB A AS #e — o LU BT AR BIR A 8 9 A4S
WE (2.0, 12.0, 51.9, 101.8, 201.6, 401.2,
600.8. 800.4. 1000 pg/mL ) MIEES:, FHHRTENE
B RE TR IFN-y W RE, BB A RE AL

R 2 Y, AP IAE . SRITZPE . IkE I
3 =R 22 1 AR ) T Uk 3 B A I 34 (B R A 7
a1 5347

1.42 HEAMR H 20 HMEAHLMARE
IFN-y WPt mBaR (&4 iiE A m PBS)
SRJE o e O E 518, HHRHSEE ()
FhpifEzE (s) o LISENARF(H x+2s XTRAY IFN-y
W BEAE Ry s AIRAG I PR

143 E=4AM¥ i 100 pg/mL F 500 pg/mL 2 4>
WeBEIARAS, SR It 20 i 43 A i J A2 4G
20 K, HHEHENREINEE R IE X0 FRifE2E s K&
s Z 8 (coefficient of variation, CV) .

144 R PR LI IESIIERAS, 3ok 407,
R 3 3 bRAR RO AR B2 Y TFN-y BRifEd) ot
(TRATAELAY TFN-y $LREhf ) 1 FRAIMA A
FUR A, WA 3 O REREE (30, 100,
300 pg/mL ) Y EISCRE S e 1 3 SERIAE A o XX st
AT 3 WS S0, TR DR,

1.4.5 T hee A0/ FMEE EKIGKE R
FEhREZ Fi 2> ( National Committee for Clinical
Laboratory Standards, NCCLS) il /% EP7-P +
PPN E, ek 2 DR (2062, 45.1
pg/mL IFN-y ) AL S ihoin ACAS [l e B2 79 = 16 1
(25, 50, 75, 100 mg/mL) . fHZTE (0.2,
0.4, 0.6, 0.8 mg/mL) FIMLIE (5. 10, 15,
20 mg/mL ) BT, DIAHX i 22 53 Afr ke il 7 vk
XX 3 A WA B P RE T

1.5 AT IGRA #97 X 5 K a5 ATk 0935 B i
{E3r4E WU 120 BllIR A idbnAs, o 57 6
12 TB B FHEARAS, 63 B Ry BT bR A, (i
RS ATkl , X 25 /AR 2 1A
TAERHIE (receiver operating characteristic, ROC )
Mk, PASmAEmmE, AR
1.6 AT IGRA #9AX A LE TR L T 4K
Al gpm — sk e AR 133 Bl R 2 mbsAs,
3 T-SPOT 32 & A =N a S e e o Mride i
W, AR I AR I 25 B ) — etk s WisE 47 14
IR A MAnAs, 203 QFT 5 & A =X ok
JCARIEE ST AT IR A, L 05 A ey ok A 0 4 2R ) —
HE; WEE 212 Bl IR ImbRAS, 4358 T 28
TB-IGRA I & A G e s Akl , L
AT Ty I 25 SR — Bk
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1.7 %its4® XA SPSS 18.0 #Mh5
GraphPad Prism 5 #{HEATEEE G0 b S EDE Ab
B ORAEME . kWA K =R Z TR
T B KA A (EREA TR 5341 R ROC HiZk
PR T R i IS Wisiee, BEIRZE TS
BRI VR BE AR Ry A BT, 1103 R A Ry
SR xdiliuks R, THRBIMERT G ER SR
H Kappa 250, fkKidE (o) 4 0.05,

2 # R

2.1 FHEFHELER RFASPLERER K
Z I K =k 2 AR LM RS TR L
(P {H/r51 4 0.684 F1 0.361) , ZEPEMIHZRE
HE#E L (P<0.001) , K% BEIFAN I & A0
XFIRZEHR 0.07%, BT E 308 R e o Bk A
I TFN-y 7E 2~1 000 pg/mL JE N LM, ot
R*=0.999, IFN-y MEARKMF A 0.3 pg/mL; &
ZAYEAHTER 100 pg/mL A1 500 pg/mL 2 MK T
CV 5350 4.58% F1 2.46%; AL B8 30,
100, 300 pg/mL [FIJFE G Y IR 53000 94.9%
104.0%. 95.1%, “FIIIFN 98.0%; HLTHiaE
J1EeEs R Bn AR P = H <50 mg/mL ., fH
21 <0.6 mg/mL. MZI& <10 mg/mL B Xf A
PENCAPEMTEAG IS FICTHE (E2) .

10 -m- Sample with
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-o— Sample with
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Fig 2 Anti-interference test results of IFN-y as detected

by flow cytometry fluorescence immunoassay

IFN-y: Interferon y

22 HEHMMLRAELR EE 120 Bl IR A bR
A, Hi 57 B2 TB B FHMEARAS, 63 BB
X HRARAS, (I PO G2 A M A, X A
M2k ROC &k tr, 453 W MhZe T m
(area under curve, AUC) 2/ 0.868 8 (|4 3) ,
FAE#METE 9.8~10.1 pg/mL Z[a), BURER W
{50 10 pg/mL, M REFEN 82.46%, FiFJE
J9 87.30%.
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Fig3 ROC curve of IFN-y as detected by flow cytometry
fluorescence immunoassay for diagnosis of TB infection
IFN-y: Interferon y; TB: Mycobacterium tuberculosis; ROC:

Receiver operating characteristic; AUC: Area under curve

23 —HMUAEBER  FEATOCRIEMIER 3 F
TSR ZE R IR 1, —BER R S5 R
% 2.1 T-SPOT R & 5 Xt S ik
R 25 S i BEPERF &% R 97.2%, BAMERF &R N
90.7%, MIFEHN 92.5%, Kappa ZEH 0.822;
T QFT i & 5 T 2 NHO b gz /M i Al 25
FIBHTERT & %A 80.0%, FITEFFAF A 84.4%, i
TFE%A 83.0%, Kappa ZECH 0.622; %
TB-IGRA i & 5 i 20 Sy 43 ik Al 45
HIFEERF AN 76.4%, FIHERFGHN 88.5%, W&
T %K 85.4%, Kappa Z%0H 0.630.
3 3t iR

HAri A IGRA Kl TB J&Ye iy 2=
i f T-SPOT. QFT # TB-IGRA 2§, Hr' T-SPOT
FET ELISPOT v&LATHECPH A A EL B 1 7ok A
SELEH, AAETHECRT LA R N T, ik
FETAERR, ARFUEmMHAEL g5 ER M
ZEAEHT, A I BIDCBE S R AT, AE X
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T TAEE, (B ART &5, T H A b R
BT AN SRR R . BB, 1 QFT A1
TB-IGRA J&3:F ELISA A1 IFN-y, HI5EH

T-SPOT %5 5L HIWrAHXT &2, {H BELISA 9% 7 i [A] 4
Ko, AR IFN-y SR Z 3 h DLE, mHR
TR R S 55 T-SPOT M 22—

F1 RSB ESIEN 3 HHEXFTZHRERILE

Tab 1 Comparison of the results of flow cytometry fluorescence immunoassay with 3 commercially available reagents

Flow cytometry T-SPOT QFT Wantai TB-IGRA
fluorescence
immunoassay Positive ~ Negative Total Positive ~ Negative Total Positive ~ Negative Total
Positive 35 9 44 12 5 17 42 18 60
Negative 1 88 89 3 27 30 13 139 152
Total 36 97 133 15 32 47 55 157 212

T-SPOT: T lymphocyte spot test; QFT: QuantiFERON-TB Gold; TB-IGRA: Tuberculosis interferon y release assay

F2 RAXAERESTES 3 MHELHASRNE RN - ST

Tab 2 Consistency analysis between flow cytometry fluorescence immunoassay and 3 commercially available reagents

Comparative reagent Positive coincidence rate (%) Negative coincidence rate (%) Total coincidence rate (%) Kappa coefficient

T-SPOT 97.2 90.7 92.5 0.822
QFT 80.0 84.4 83.0 0.622
Wantai TB-IGRA 76.4 88.5 85.4 0.630

T-SPOT: T lymphocyte spot test; QFT: QuantiFERON-TB Gold; TB-IGRA: Tuberculosis interferon y release assay

M CHRPE TR T 2OCIA IR .
T R S S e R A5 o A PR A 2 IR
AR, B, miuss . P AT
DERARF P, AT RAE T . IRITIE . i
SEOYHIT L S AORITC AT ) BT S 22 AT B A AR
TN 2 B IFN-y PR RES TR B AR
IR &% RPE I, JE AR IO 1 R AL,
MV TB R 5 b 5 3 4 i AR A< 7= A4
f) IFN-y, R R fE 1 h NoER, 1 BEREE
T-SPOT. QFT #1 TB-IGRA 25 )58, S %

f/b

AWFFEARYE CLST SCIFE 2K R G 4 vk
M T (EP6-A) 1, B i 5O g o b
ERI TFN-y 9Zya il 2~1 000 pg/mL,
HARKMBE S 0.5 pg/mL; 1 18 [F12E 7 5 7 %8
TB-IGRA 50 & iR e Ya o 12.5~400
pg/mL, AR A 2 pg/mL; T-SPOT k5 &
T o A B S ROk ST B AR, BB T
PESHT; QFT 50 & AR RERE A H] ELISA R
DU AR Y TFN-y J&PE(E (U/mL) , {HEHFZ
WEEZ, FIHERAHBOOZEmA TB it
JRIMHE ) TB 45 AT BRI 2K B Nil 45 %) Hok

FIWT PR EE R YE, JCER e &, el 0L, 3
BN/ 0 o Ty iR L 5 i S EN I N A gL
FREEAC, HEMEmATE L, WD T30 8k AR
A H B ARG REAS I B R, 1T 2T ARG s [) B 3k )
BUAS S AL 1) SRRk &, PR e
ik 98.0%, ULHIZ TR AIATAY . A 4 v i
Bl 100 pg/mL F1 500 pg/mL 2 N4 JE (hn A ik
T ERE MY, Hd 100 pg/mL 434K CV A
4.58%, 500 pg/mL #5341 CV J 2.46%, Uili%
IEMEE L, WEERE. AP THRS RS
BB, MBS =B H <50 mg/mL., HZL
£<0.6 mg/mL, MZHEHA<10 mg/mL A, XJ
IFN-y K45 I T4

FUFHAEDXS 57 Bl RARA T & B T-SPOT
AN REE R 83.3%, FrtEN 96.4%; HiFk
T Z B QFT X5 78 AL 2 W7 S S
78.57%, FFSIE N 84.62%; JiZE TB-IGRA k7
B Z5 X 1 228 BIA SRR REE R 78.3%,
FEREEN 76.2%; AR IS S 43 b
XF 120 il R4 MARASFEA A, A IR LA e AR AT
{H 10 pg/mL MAnifERT, REEN 82.46%, FEFAE
i 87.30% ANMFFEIA XTI A B Mk S T
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BRI i BRI — B e T T 30IE, 453 R
RICHRPE TS T-SPOT ikH) & . QFT ik#| &
FTZ& TB-IGRA XA & LA K= —8E, B
ERINHN 92.5% ., 83.0% 1 85.4%, Kappa ZH4y
S 0.822, 0.622 F10.630, M FiREHET LIF H,
TIPS TR AR ) R R e ST B
[ A 2 o U6 B AS IR ST R T A I e iy
FEIR B T T R 2 S SR, I LR S IS I
B KGINTEIE . RS BRAERRE . ARSI R Sy
THHA BRI, ARFESERAH .

VAR, —SUH) TB SR AH TR bR ,
41 IFN-y 5545 10 (IFN-y inducible protein 10,
IP-10) . Wang ZEPWF 5% K 2R 4 1 245 4% 45 S vk 1)
IP-10 A5 AT 68 BA 45 5 B2 Wi i P s 2 —
Jeong SRS FM 1IP-10 185 B SPEMiS5 4 5
TRARPE S B B 5 Qiu MRS R
IP-10 & —Fpf & BRI SIS W R TB JBRGem)
EYIbREY) . ik, W DR S o ik
ZARHRIR A R I B D FA TR AN BG TAS I EsE 8] 1)
BUF, SEPE IFN-y. IP-10 2 B 238 bR [a) 46
M, PR e TB YL WiRMER S, has
SRR e

(B % X Wk
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