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B OE.[86)] 9T HINO AR RAERS ALY, FHL2ERRT SR BEEK, A,
A EEF HING &R 09 e R — A Y, mBBE %5 e WA ikt 2o+ 5%,

AR GEES —F R, Fk. SR FEEBE HING A &7 7 A4k 18] 38552 %, 72 R
R (ELISAE M 7 k. [ k) i@ id & RAF KRB AL A %A AL BT WL, W2-A F= W2-B
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4% HA & & (H7-53TM). 44 HA & 2L & T 4 EATLLBE A4k, @id ELISA A2
H7NO & i a4k, [ RV ELISAFFMH., AN EIHRXBLEREEF, BERXREHR T
Z%7 HA & & ELISA %9 & Ak, L H7-53TM A3t /R 4 ELISA 7 ik LA 44509 & 4 1%,
SN Aedlia]) T H A BN T 10%, Rf 3FTAER HA B G 535 fif BE ki fdbie] % 7 2
KT 10%, F4 M4 £, Bbik4d H7-53TM & @4k 4 ELISA @R, #Bit %K T4
AE ) & (ROC W1 £K) 9 #7, vA H7-53TM 4 #0/R 69 ELISA #8543 X 4 HTNO T A 7L 2k 40
PRFRPE AR TR Mt i, i iEAR R, Z ELISA 7 ik 5 134 i do i HI RIe 4 R LA B %%
A8 %t (r=0.854 6, P<0.000 1), FFHE5 30 XA GRS E A F 6 HI X4 REEA L HA4
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Establishment of an indirect ELISA for detecting H7N9 subtype
avian influenza virus antibodies applied with hemagglutinin
containing a replaced transmembrane domain
WANG Yang WU Zhi-Hui  XUE Chun-Yi CAO Yong-Chang

(State Key Laboratory of Biocontrol, School of Life Sciences, Sun Yat-sen University,
Guangzhou, Guangdong 510006, China)

Abstract: [Objective] H7N9 avian influenza virus can infect chickens, and high pathogenic avian
influenza (HPAI) H7N9 strains have appeared after natural mutation. Thus, H7N9 vaccines
immunization in chickens would be a tendency, and developing an antibody detection method for
immunization is a need. The present artical is aimed at estabilishing a sensitive, rapid,
high-throughput enzyme-linked immunosorbent assay (ELISA) to detect H7N9 subtype avian
influenza virus antibodies in chickens. [Methods] Three wild-type hemagglutinin (HA) proteins
belonging to W1, W2-A and W2-B clades were expressed by an insect cell-baculovirus expression
system, and one recombinant HA (H7-53TM) containing a replaced H3 HA transmembrane domain
(TM) was expressed as well. Four HA proteins were purified by ion-exchange chromatography and
used as ELISA antigens to detect H7N9 avian influenza virus antibodies. [Results] The results of
specificity, sensitivity and repeatability assays showed TM replacement mainly affected the
repeatability of the HA antigen. The intra- and inter-coefficient of variables of H7-53TM were
less than 10%, showing better repeatability; whereas those of 3 wild-type HA proteins were
more than 10%, showing worse repeatability. Therefore, H7-53TM was chosen as ELISA
antigen. The results of the Receiver operating characteristic curve (ROC curve) analysis showed
that the established ELISA could accurately discriminate between H7N9 subtype avian influenza
virus-positive and -negative serum specimens. Based on correlation, the established ELISA had
significantly strong correlation with HI assay to test 134 chicken serum specimens (r=0.854 6,
P<0.000 1), and the established ELISA had significantly correlation with HI assay to test sera
collected from chickens vaccinated with vaccine strains belonging to three different clades
(r>0.5, P<0.05). [Conclusion] The present study suggests TM replacement can increase the
repeatability of the HA protein to detect H7N9 avian influenza virus antibodies, and establishes
an indirect ELISA for detecting specific antibodies against H7N9 subtype avian influenza viruses
belonging to different clades applied with HA containing a replaced transmembrane domain.

Keywords: Influenza virus, H7N9 subtype, Indirect ELISA, Hemagglutinin, Transmembrane domain
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ELISA AT LI A A5 45 6 HA BRIk, 71—
AV TR S [ ot LA o s e ™), ELISA L
A TR . R, R i A S I R 2 S R
WP, RIARESS B e —Fh LT HA &
FIRY H7TNO SR & B #E bR+ ELISA #l
itk

H7N9 HA HE P 7EmAT B k4 T sy
5, BT VL = U & (Yangtze River Delta,
YRD) 1k 71. = ffi il & (Pearl River Delta, PRD)
P47 (Lineage)®!, XPIANR XA LI R E
/b6 A~4r3(Clade), fuff W1, W2-A, W2-B,
W2-C. W3-A I W3-B 43371 oy 7 gy ki 22
ANy HAE AT ELISA KGN 532, FAi1 4331
FORMAAL T BT W1, W2-A Fil W2-B 333211
3 H7N9 stk HA HIAER ELISA Hitlit,
i1 Z "5 A B 5% & 78 B5 B X (Transmembrane
domain, TM)%4ty H3 HA TM ) H7-53TM &1
(W2-B 733 BA A ARR e, PRIt [RIny ek |
4l T H7-53TMAE AL, HLAEs B X B4 X HA
BEERI HINS & it B BE bt i, JFgiar
— P ATEE R HTNO 7 7R & Yt J8is 2P LA ] H2 ELISA
R
1 ARSI
1.1 SHMERRE

H7N9 %/ 2 87k A/Chicken/Guangdong/53/
2014(H7N9) (H7N9-53). A/Hangzhou/1/2013(H7N9)

(H7N9-HZ13) #1  A/Chicken/Guangdong/MCX/
2014(H7N9) (H7N9-MCX)fy) HA ZL[H . H7-53WT

(GenBank & % 5 . KY221841) . H7-HZ13
(GenBank % 3% ‘5 . KCB853766.1) fll H7-MCX

(GenBank % 3¢5 . KY221844) /3 H| HH Thermo
Fisher Scientific /A FlE e KBRS wl G, [FIEE&
HCRIR B H7-53WT LA | AR IX B4 H3 HATM
) H7-53TM &K Fr Bt NHEREESRIE T A/Puerto
Rico/8/34(HIN1), NA JEFRJET H7NO-53 Btk

HA JE 23 551 5 F H7N9-53 . H7N9-HZ13 il

H7N9-MCX AT £H H7NO Vi Jiis 2 rH7N9-53WT |
rH7N9-HZ13 1 rH7N9-MCX, Hi A S8 25 45 3F
A,
1.2 EERFIFNE
Sfo L4l . pFastBacl Bk ph s S 2
f%; KA DH5a, DH10Bac &7 2 A S2 i %
il & IR AE s HIND /8o . HENL 8 i Jds
B . HON2 BB es . SR E RN
(IBV) . B s (NDV) B £ B SPF X 1fi i
S22 45 I RAE . STO00IT JC Iy 5 35 38 A
Thermo Fisher Scientific 23 %] ; H7NO 77 i
HA AR 19G FRs PRI F SGRM M A F
HRP (AR o AL W) bRic 0% 19G(H+L) .
HRP FRICY LA 1gY (H+L)LL K2 Cy3 FRic it
IgG(H+L)IJ A Proteintech /A7) ; H7N9 & I /2 2
HI BT F R IELERHA ]
OB R i (Leica TCS-SP5), f [k
B ARGEABRA A B4 (FACSCalibur)
BD Biosciences A w]; 4= [ 3l it 1L (ELx800),
BioTek A H],
1.3 FHERRAMEHTRFEEHWE
1.3.1 EHABRMAEE: D11 REEm 4 AR
B, L PCR A AN I HAJE ], 5F:
SrBIAE A pFastBacl ki rp M, Bkt i H 4 Tk
AT O AI P 67 T4
1.32 EHEFRFESHME: 250K 4 A EA TR
AL Z S A FPAR I B S R 4L 5% )86 T (Bacmid) 1) K i
P DH10Bac, & A HA &K () & 45 )k
(rBacmid)ifiit M13 5447 PCR %7€ . W% IE
Wry rBacmid YL E SO 4fifl, 2842 °C HiE
72 h JG I 4E(4 °C. 3 000xg B5.0» 5 min)E YL |3,
Ry EH AR B2 (rBV) Pl 85
1.4 ZTRFE. g5
141 Z|AFRESHEL: 50K EA 44 HA R
AR B2 LU S E(MOI) 1 /2%y SF9 2
ML, JEYL 65 h S U (F iR 500%g B5.00 5 min)4i i
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1.4.2 SDS-PAGE 5 Western blot: B0 il 22k
o H AR T 10% 0 58 7R s TR e B I A 7
SDS-PAGE Hi 7K. #5 HLUK 43 25 J5 1Y BE B 3% BN &2
PVDF i, PVDF £t 35, 40l HTN9 HA
HHR—H0 . HRPARICHIFEHIAR 19G i1 s
H, Wniid ECL k7 ff.
1.43 [EERERANFA): 430KERG 4 F BV
s A FPIRIR B (Wi-BV) Y SO 4 i A7 [ /€ )
3% L3 I EE 1 (BSA)EHAT, LA H7TN9 HA Hifi
H—Hi. Cy3bRiciEHitR 109G S —FHibric HA &
1, J DAPI Jut%, i@l WO R A B it 1 ol
= IEISEr
144 FRNHBEAR: rBV 5 wt-BV JEYLAYETE SO
A, A 70%LEEEE, LA HTINO HA i h—
Hi. Cy3 ARicHI it 19G N —Hikric HA B )5
T A AGHT 53T
15 SPFBM;EHNE

S ELL HTNO 3B rH7TN9-53WT |
rH7N9-MCX . rH7N9-HZ13 1l £ it 495 25 K I 9%
W% SPFAY, L PBS i i) SPF Ay BH Xt e
SyRITE 2 S AT E ISR, B IR S 2 SR TAH
) A8 TR TR e, A e s 2 SR T A =
PRI, T R B 92 I AR 3 UK 2 i % X8 144 3 e
JCR M B M3, FRalad HI SR A0y i
9 HIHERE . JLIAE HTNO PHEXS I 3% 90 17y, H7N9
FHYERS I 44 )
1.6 MAANSHI(HI)RIE

B H7NO &R H HI PURHI 24 4 BN
Jit, RIS A 19XS LT, HI 10 F IR B2 0 )
W T
1.7 |83 ELISA R R &R E

IR AR E (4% ELISA Y ML IEAE S B
FE L PR BB R Y BIS 1gY R

&, F ELISA J53kXt 44 £ HTNO BRI 55 647
K, 5 Cutoff (B, Cutoff B34 )y vk N B M
T V44 ODyso EL(X )+3xPRUEZ(S)
1.8 HFRMiRE

G35 4 Fh HA R ELISA Jr ik
X HINL, H5N1, HON2 ji/dka: . 1BV, NDV
ERIF-BHPE SPF XS I IF A T4 ,  [R]EsE L H7NO PR
XM IEVE R BH T R, H545 201 ODaso (A5 Cutoff
(HHEAT HEBCHA 2 ELISA J5 1 A4 Sk
1.9 SRR

Ay ) B rH7N9-53WT . rH7N9-HZ13 i
rH7NO-MCX K i ¥ v G5 1) BH MRS Il 35 24 766 5
FiBe, LA ELISA Z5% ODyso fH/NT Cutoff {HH}
M MIEFBE R ELISA R, 5 HI LT
F#s
110 EEMHRLE

HCH7NO PR I 355 FBAVENS M 7545 3 4y, %
HEA7 AIIAIEE ELISA J7itt 3 Mtk & 1A T 3 1A
W, AL e S R
1.11 ELISA M A ERNFKITFE S

I A% ELISA J5iixt 44 4y BV if 35
90 13 H7NO 5 it Jedi 2 FHAA: XS ML 35 264 A o AS: U
45 H3d 1k GraphPad Prism 6 345213 T AERRE h
2 (Receiver operating characteristic curve, ROC Hf
LRSI IT X4 ELISA J7 Eib ATl St 43404
HR4E ROC BHZR /BTS2 AR AU, B
W& 2 Flfs K Y Cutoff (B4 kAL Cutoff (i, #F
Mifiik ELISA Jrikiyinnik™, it Spearman’s
SEYHMF LN ELISA 5 HI I8 A A 7
G3HT

2 HREHH

2.1 H7N9 fiRUmE HA EEMIREF4EL
211 FEMKFEIME: HA EH H7-53WT,
H7-HZ13 1 H7-MCX 73l )& T W2-B . W1 Fl W2-A
Gy 0O T B AN -F PR R R A R G R
ik HA JER, 2350 HAf A pFastBacl ki, 3k
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TIZ AT S IR 25 R R B IR IX B4 H3 HATM 14
H7-53TM HA M e, M THhHRHES
H7-53WT fEJylaj4 ELISA A g2 HAT 2%
5, [P H7-53TM JL R4 A pFastBacl ki .
4 NEA ORI Y S 25 R A, R
A2 ORI T . 2 Jeilad 1.3.2 Hhi ik
F AR TE(BY), it PCR K, 45555
AT, HidEA 4 Fh HA JER R BV 2 HilAh
B

212 HA EEWIFRIE: o5l H7-53WT,
H7-53TM. H7-HZ13 # H7-MCX JEH 1) rBV JgiL
STO 4Nt AT HA 25 FIFEAIM )35 . Western
blot Z5 /R 4 F HA SR I¥REERE, IFHAF
FRUMHEIT, B/NT 70 kD (B 1), IFA 455 8R
4 Ff HA A E AT SO A (& 2A), ik
A ARG I GE T s, rBV YL i SF9 4 i (21 (7,
k) ik 4 Fp HA 8 P19 EL 134 7E 95.67%-95.81%
Z[E)(El 2B).

213 HA ZEEBMZEL: K S AfRIAN HA &
M Zad B 2 2okt raife, 4ifbiy HA &
F1iE1T SDS-PAGE 5l 25 H 5w 4 Ff HA 4k
fRIESEREAR 2, w] LR3Iy 90% (& 3).

A

H7-53WT H7-53TM

25 ym

jov}

H7-HZ13

kD M NC 1 2 3 4

100 —
70 —
55 —

40 —
35 —

25 —

1 HA ZEHH Western blot 4

Figure 1 Western blot analysis of HA protein expression
. M: T Marker; NC: 3% wt-BV ) SO 4iififd; 1: H7-53WT;
2: H7-53TM; 3: H7-HZ13; 4. H7-MCX.

Note: M: Protein marker; NC: Sf9 cells infected with wt-BV; 1:
H7-53WT; 2: H7-53TM; 3: H7-HZ13; 4: H7-MCX.

2.2 4Fh HA EBEH ELISA R/ bLES

221 &% ELISA REZFZMHHME: LI 4 F HA
H PRSI ELISA R, Z55R 8
71 4R HT HA ZE 1 A B 44 90 ng/AL,
AEXS M IEFBREE Y N 1:200, HUWY 1Y —HidedE:
il REY A 1:5 000, AR¥E 44 £ BIHE i 6 2

H7-MCX NC

25 um 25 um 0 25 um

120 120 120 120

2 95.77% 100 95.81% 100 95.80% Cells infected
g 80 80 —_.
g iy A i with wt-BV
g M 60 A 60 H )
= fo o A Cells infected
3 Vo 40 J‘w,ﬂ | 40 2 — with 1BV

‘j\}' ,“ ] 20 d i ; “';‘ 20 o \,I\ with r!

L A= )| BPE, SO W o () beecdd AL (| B, N .

10> 10° 10* 10° 10" 10> 10°® 10* 10° 102 10° 10* 10° 10' 10> 10° 10¢

Fluorescent intensity

2 HAZEBA® IFA (A)FEAN(B)
Figure 2 Detection of HA protein expression by IFA (A) and flow cytometry (B)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TEVRAE N A R DX ) IR A P T HTNO & U JBms BEPTIARA] 422 ELISA K6 7 v 2817

kD M 1 2 3 4
100— w

70— - R B .
55— -

40—

35—

25—

3 #hfk HA EAH) SDS-PAGE #ifll

Figure 3 Analysis of purified HA proteins by SDS-PAGE
A M: & Marker; 1: H7-53WT; 2: H7-53TM; 3: H7-HZ13;
4: H7-MCX.

Note: M: Protein marker; 1: H7-53WT; 2: H7-53TM; 3: H7-HZ13;
4: H7-MCX.

H7-53WT. H7-53TM. H7-HZ13 #il H7-MCX % H
MBI Cutoff {4351k 0.256 7. 0.273 1.

0.268 1 #10.274 5, 47 0.25-0.28 [l

222 HEREMHRE: RS R PR

H7-53WT. H7-53TM £ H7-MCX Rt )5 xs
HINL. H5N1. HON2 jit/diae . 1BV Fl NDV FHYE
X 137 ELISA K () ODaso fH/INF Cutoff {l, HAT
AP HELL H7-HZ13 (W1 43 32) sk
PrEXF HIND F1T H5NL 3 /8 2 FHPE XS I3 ELISA
JNEE R T Cutoff (i, RIAMERAYE, HARRE
BFE(FR ).

223 HURRMERI: USRI TR, 4F HA

B FVENPUERI WL, W2-A F1 W2-B 433 Kk
BEAE T AL 0 LI HAT AR TR P UM (G- 2)

224 FEMIRIE: UL 3 PHLKEIEN 4 F HA &
PR R HLE A3 B 3 453 HTNO BHYE Mg F0 3 453 B
MG AT EE MR, 45RE/R: H7-53TM fEh
Bus, #HENAE SR RE(CV) R 0.6%—6.3%, HEEIAESH
RECH 4.1%-6.7%, H/NF10%, EEHERL. H
& 3 PR AR T HA B 6 43 L I R 1) 28 57 2R 5
Ml 10%, HEE PR, Hf, H7-53WT 1k
PuE, MNZERRECH 1.5%-16.6%), A7 &
Bl 1.7%-16.0%; H7-HZ13 1 RhHilst, #tNas s
Z B H 07%-255% , it AR R B HK
2.7%-9.1%; H7-MCX fEMHitlt, #N2ERRECH
0.9%-16.5%), #tiE)2s 5 ZEHh 3.3%-7.8%.

2.3 LA H7-53TM iR Ry (a4 ELISA 757%
2.3.1 ROC #iZk44h: 4 F HA A, H7-53TM
E Rt BA s ke A mEZ M, Witk
H7-53TM fid A5 HTNO W7 F5) 88 37 s 25t Ak ]
$ ELISA KlJrikpili. PL H7-53TM AHTEixt
134 (3G IE HEA TR , @4 ROC #HZ 43Hriz s i
TSRS . SRR, A L T 1E
F(Area under curve, AUC)>4 1.0+0.0 (P<0.000 1),
IXF N IZA I 7 HAT s i 2 5 R 1 (] 4A) . 24
Cutoff {4 0.273 1 s}, AT LUK ¥ X 43 BAE AN B 1)
X 1ML (K] 4B).

232 ELISA A5 HI iRIGHEEM: 134 (i
HITEE 5 L H7-53TM AR ELISA 25 S ARG
SRTEER RN, HAHCFRECH 0.854 6, P<0.000 1,
g B SR AR (K 5A). LRI RN -

x1 HRMARLS

Table 1 Results of specificity test

Pl Antigen NDV (ODiso) IBV (ODsso) ~ HIN1(ODssy)  H5N1(ODus)  HON2 (ODssp)  H7N9 (ODiso)
H7-53WT 0.076 0.134 0.139 0.247 0.218 1.800
H7-53TM 0.062 0.145 0.122 0.193 0.153 1.995
H7-HZ13 0.123 0.151 0.332% 0.499* 0.160 2.068
H7-MCX 1.150 0.154 0.111 0.180 0.148 1.963

Note: *: False positive.
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F2 HREABLER

Table 2 Results of sensitivity test
H7N Jit 8 27 FH 14 I 775

ﬁ_ﬁ Positive serum of H7N9 influenza virus
Antigen 1 5 3
H7-53WT 729 000 2187 000 2187 000
H7-53TM 729 000 2187000 2187 000
H7-HZ13 729 000 2187 000 2187 000
H7-MCX 729 000 2187 000 2187 000

e 1.2 A3 4RilERAAE rHTNO-53WT ., rH7N9-HZ13 i
rH7N9Q-MCX I P2 1 (1 48 I 175

Note: 1, 2 and 3 represent sera collected from chickens vaccinated
with rH7N9-53WT, rH7N9-HZ13 and rH7N9-MCX respectively.

Y=5.793 7X—1.894 0 (X }y ODuso fE., Y}y HI T EE),
AR 0.864 3, P<0.000 1. N T PEMHAHFITEE ST
() ELISA J5 i BE 7S R AN AS [ 43 S 338 Vi i e
PB4 X AN [R] 43 529 v BR G 2E 14 It
HI %5 ELISA 255 BMI eI T T 40 Hr, HHE
P ZH05 91 0.822 9 (H7N9-53WT, P<0.000 1),
0.517 0 (rH7N9-HZ13, P=0.003 4) f1 0.540 3
(tH7N9-MCX, P=0.002 1), FHWi#E7# ELISA J5
25 W2-B. W1 Fil W2-A 73 SR Bk E 3 HI
% B BT B 2 A G (8] 5B-D).
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1-Specificity

=
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=
=

2.3.3 G5PRM4AES ELISA AERTEM: BTk
EEAIBAPE L3 (% 347 LASE) HIBLiAi B R T4 T
2%, N T AMNTEEST 1Y ELISA J5 % T35 FHAERE i 2
ERFEEA RAFISEEE T, BEYLER 17 3 PHE
MERE S TRE R RS, KRB HI R A 2521
DL RAG A A B R R TR R A ELISA Jridk
AR, F ROC #iZk /AT s HIRE ). ROC
IrEE R BN, % ELISA J7: AUC h 0.9620.02
(P<0.000 1), HATHAFHI%HIEETI(E 6A), M4
L1197k, % ROC &t m] LU F1ifk Cutoff
. 24 Cutoff (EHUE M 0.527 5}, % ELISA Jiik
MIFESER 97.7%, UMl 82.4%, Wi Z Ak
Bl gk, Rl 28w R S T v B Y e
RERSHERN DX 4> HI BAME s A BHPE M, ks
Cutoff {H1#% 4 0.527 5 (K] 6B).
3 Wik

H7NO V70 6 i Jeoli 25 1L 37 = A 00 o) X6
H7NO MV 7Y 5 37 i 25 1) B I 1L G 2 /K- A
MEATEEE Y, HES, H7 WS RER L5
SR i R SR HUIRIRRS T ELISA ik A
AW hnER . . EE S, I B

25
| 1] L LU (11}
20 F um man
s
R -
S
Q 1.0 b
0.5 |
0273 1 B
0.0 ‘
Negative Positive

4 [F H7-53TM &H ELISA #& 134 {438 1175
Figure 4 Detection of 134 chicken serum specimens by ELISA using recombinant H7-53TM protein

. A: ELISA B ROC #hZk43#r; B: XS A ODaso fH.

Note: A: ROC curve analysis of the ELISA; B: ODas, values of chicken sera.
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Figure 5 Analysis of correlation between ELISA and HI assay
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Note: A: Correlation between ELISA and HI assay of chicken sera (n=134); B-D: Correlation between ELISA and HI assay of sera collected
form chickens vaccinated with rH7N9-53WT, rH7N9-HZ13 and rH7N9-MCX, respectively.
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Figure 6 Detection of weakly positive serum specimens by ELISA
TF: A: ELISA ) ROC fhZkrtT; B: BHEEFRRAYMLIERE Y ODyso fH.
Note: A: ROC curve analysis of the ELISA; B: ODas, values of gradient diluted serum sample.
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