Rapid Specific and Early Detection of Highly Emergency Pathogenic Avian Influenza
HS Subtype 2.3.4.4 Subclade in Chicken Feces
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Supplementary Method

Measurement of binding affinities

Surface plasmon resonance (SPR) was used to analyze both binding affinities and kinetic
parameters between peptide antibodies and HSN6 HA1 antigen by WOOJUNG BIO, Inc.
(Suwon, Korea) using CMS5 chip (GEHealthcare, Chicago, IL, USA).

Supplementary tables
Table. S1 List of viruses in this study
1 HINI1 A/HIN1/2009/CA
2 H3N2 Influenza A/H3N2 /2014 (RKBPV-VR-85)
3 H5N3 A/spot-billed duck/Korea/KNU SYG06/2006(HS5N3)
4 H7N1 A/common teal/Korea/KNU YSR12/2012(H7N1)
5 H7N7 A/mallard/Korea/KNU GPH12/2011(H7N7)
6 HON2 A/chicken/Korea/KNUSWR09/2009(HIN2)
7 | H5/2.3.4.4b RGV A/Anas platyrhynchos/Korea/W612/2017(H5NG)
8 | H5/2.3.4.4c RGV A/mallard/Korea/W452/2014(H5NS)
9 H5N6 A(H5N6)/Duck/Foshan/41/2019
10 H2NO9 A/wild duck/South Korea/KNU18-102/2018(H2N9)

Table.S2. Summary the result of clinical specimens testing. The Cut-off Values of FICT
were decided by highest ratio of TL per CL in normal group; cut off > 1.56; 0.3 for positive
samples in feces and cloacal sample, respectively. “+”, positive; “-”, Negative; “N”, Negative.

“TL/CL”, ratio of test line/control line.



2 day post infection
Clinical specimens Virus infection group Nunbe'r of FICT RDT base gold
colection rt PCR (Ct) TL/CL Result colloid
sample cut off > 1.56
1 N 0 - -
2 N 1.56 - -
None-infected ( Normal) 3 N 0.32 - -
4 N 0.45 - -
5 N 0.29 - -
Feces samples 1 25.30 0.00 - -
HI9N2 2 23.38 0.00 - -
3 N 0.00 - -
A/Duck/Foshan/41/2019 (HSN6) ! 2589 38.57 i -
234 .4¢ 2 29.31 18.4 + +
3 28.6 5.71 + -
2 day post infection
.. . . . . Nunber of FICT
Clinical specimens Virus infection group colection 1t PCR (Ct) Result RDT bas.e gold
TL/CL colloid
sample cut off > 0.3
1 N 0.3 - -
None-infected ( Normal) 2 N 0.02 - -
3 N 0.07 - -
1 29.61 0.00 - -
Cloacal samples HON2 2 31.91 0.00 - -
3 33.92 0.00 - -
A/Duck/Foshan/41/2019 (H5N6) ; 301;15 L 0'88
2344 3 27.52 0.06 - -
Control H5N6 ( Postive control) 20.81
DW (Neg Ctrl) N
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Figure.S1. Expression of recombinant influenza H5/2.3.4.4b subclades by reverse genetics

technology. (A), Transfection of plasmids into 293T and MDCK cells (scale bar, 20um;



original magnification, 400x). (B), confirmation of RGV by PCR with specific HS subtypes

primer. Specific band was obtained at 245 base pair.
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Figure S2. Designing of HA /H5N6 2.3.4.4c subclade globular head domain for antigen

expression in E. coli systems.
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Figure.S3. Production of mice monoclonal antibodies by Hybridoma technology. (A) mouse

was immunized by footpad method with 50ug recombinant protein or 128 HAU of recombinant

virus for thrice times. (B), Selection of Hybridoma cell under HAT and HT medium for 16 days,

the picture taken with original magnification, 400x and scale bar, 20pm.



(A), Covalent conjugation of antibody to europium nanoparticles for FICT assays
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(B), Schematic diagram rapid fluorescence diagnostic system for europium-conjugated H5 subtype specific antibody
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Figure.S4. Establishment of rapid fluorescent immunochromatographic strip test (FICT)
Europium nanoparticle-based. (A), the EDC reactivated with the carboxyl group on the surface
of nanoparticles to make a cross linker. In the presence of Sulfo-NHS EDC, it is create a more
stable amine-reactive intermediate, which can bind to the amines group of antibody. (B), the
antibody #11.4 conjugated to europium, #23.3 coated on strip with (3mg/ml) at test line.
Control line coated with anti-mouse IgG (0.5mg/ml).

(A), Summary data of Measurement of KD values for antibodies.

Ligand Analyte Conc. ka (1/Ms) | kd (1/s) KD (M) 't;‘;)x (CR'J:)
#9.1 0488, 03?7275 155531' 1322"25;?15 1563, 1953E+05 | 2.425E-05 | 1.242E-10 | 2082 | 0914

H5NG-HAT #233 625, 125, 250, 500, 1000, 2000, 4000 nM 5653E+03 | 3.315E-04 | 5.864E-08 | 9.844 | 0174
#11-4 625, 125, 250, 500, 1000, 2000, 4000 nM 9.769E+03 | 7.397E-06 | 7.572E-10 | 4699 | 0.183

Kp(Equilibrium dissociation rate constant), k. (association rate constant), kqdissociation rate constant)

(B), RAW data.
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Fig. S5. Measurement of KD values for antibodies by surface Plasmon resonance (SPR) with

Biacore T200 (GE Healthcare (Sweden) of WOOJUNG BIO, Inc. Company.

(A). pH6, 0.3% SDS.
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(B), pH6, 0.6% SDS. (Migration of conjugate is not good, so TL signal was not detected)




Nome | start|Stop | us | WL | Qr |Reange| Heght | s | mosH | mato Nome | stat | Stop | Pos | WL | Qr [Reange| Heght | Aea | mbsH | Rato Name | st [ stop | pos | W | ar [Remange| Heont | aes | st | mato
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(C), pH6, 0.9% SDS. (Migration of conjugate is not good, so TL signal was not detected)
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(D), pH9, 0.3% SDS.
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(E), pH9, 0.6% SDS.
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(F), pH9, 0.9% SDS.
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(H), pH11, 0.6% SDS.
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Paramé 3 23 3 10 @ 397216 1107... 476569 10000 Param3 2 23 169 10 @ 442695 1103.. 49714 10000 Paramz 65 23 168 10 @ 432126 |L1A7... 487859 (10000

Name st [ stop [ pos | m | ar [nemange| Hegnt | aes [ aos | mato T | Or [Memange| weone | Ares | mowt | hato Nome | Stat | Stop | Pos | WL | Qr |Reange| Heght | Aes | Absn | Rato
Param1 0 40 26 10 739757 171841 459223 146 10 100212 218055 134544 13624 Param1 0 s 27 10 462711 799377 3907.53 073
Porama 3 23 113 10 @ 408248 1177.. 478508 100.00 0 e 360935 601629 426211 |100.00 Param2 65 223 168 10 @ 434254 1098.. 48840 100.00

Figure.S6. Raw fluorescence peaks from the test line (TL) and control line (CL) in FICT are
showing for ( n=3) for Optimization of lysis buffer for fluorescent immunochromatographic
test (FICT) assay of Europium #11-4 and #23.3 strip coating. (A - I) Various concentrations of
SDS (0.3, 0.6, and 0.9 %) at different pH values (6.0, 9.0, and 11.0) in basic lysis buffer (0.1M

Tris, 0.1M EDTA, and 0.5% Triton X-100)

(A), LOD of RG-H5 (HA-2.3.4.4b)/PRS in Deionized sterile (DW)



HAU/ML 1 2 3

m = i m £ /i m s J

Nome [ sunt [ St | fos | B | Or [ efhange| Moo | am | sowt | mte Wome | st | St | Pos | B | Ov | nemange| Meom | Awe | Mowi | mao Name | stat | step | Pos | BL | Qr |Aemange| Hoont | Aes | Mo | hate
Param2 0 % B 10 12633 117691 388638 0.1 Param1 6 55 35 10 20024 3374 368549 053 Praml 3I» 27 0 234399 417109 417133 057
Param3 2 199 161 10 @ 391311 1107... 46080.6 10000 Param3 6 248 182 10 @ 417506 1204.. 481761 100.00 Param3 68 215 1711 10 @ 414709 1.246.. 48057 100.00

Name stant [ stop | pos | mt | cr [emange| megne | e | mowt | mato Name st [ stop | pos | W | o [nemange| meont | aea | s | nao Name stat [ Stop | pos | WL | ar [nemange| Hegnt | e | mosn | mawio
Paraml 3 » 10 546793 890835 402356 1.26 Param1 n 48 3 10 313345 484511 414624 076 Paraml n @ 3B 10 401932 669511 387634 096
Param3 6 25 1M 10 @ 434078 1.170.. 497208 100.00 Paramé. 01 25 182 10 @ 411136 1078.. 481153 100.00 Paramd 100 25 182 10 @ 418029 1168.. 477311 10000

Nome | sun [ step [ ros | m | ar [nemange| megnt | e | mest | man Name | sunt [ siop | Pos | B | ov [Rerlange| megnt | aw | mowt | mato wome | sun [ step [ ros | i | ar [emange| neow | aes | mes | R
Paraml n 48 £ 10 780.166 139615 455464 191 Param] 1m 44 35 10 765667 119322 436393 175 Paraml 0 8 2 10 859.606 138866 4477.86 206
Paramd 01 215 182 10 @ 40953 1.199.. 474375 10000 Paramé 01 215 182 10 @ 437856 1.194.. 497647 100.00 Param2 7 us 10 10 @ 417092 1240.. 475756 10000

Name stat | Stop | Pos | WL | Qe |Reunge| Heght | wes | s | et Name stat | stop | Pos | WL | Qr [Reange| Heght | A | aosi | mato Qr [nemange| Hegnt | wea | mes | mae
Param1 0 4 28 10 124369 258295 47738 308 Pacam1 o 4 28 10 120287 259823 475387 286 15581 355233 510362 379
Paam2 n oaus m o0 @ 403508 1213.. 469367 10000 | | param2 n oas 1m0 10 @ 434738 1202.. 498089 10000 ° 41060 1259.. 477838 10000

Wame | sun [ stop | P | L | Gr [ Aeange ] neort | we | Ao | mao W | G [emange] Heght | Arms | Ao | Mo 1 [Aeange | oot | mes | Mo | Ao
Param1 0 4 2B 10 214413 464154 540245 518 Param1 0 4 22 10 155153 347152 492588 356 176899 362707 51422 413
Param2 7 ons 1m0 10 @ 414285 1233.. 478366 10000 | | param2 nous w0 e 436094 1158.. 49779 10000 . 428468 1132.. 495144 10000

Name stun [[siop [ pos | w0 | Cu [Remunge| meont | aes | mown | mate Nome | s [ sup | Pos | W | r [Remange| megre | Aes | A | mao Name sun [sop [ pos | w0 | ar [nemange| meost [ mes | Aesn | o
Param1 o @ 28 10 362021 777045 6989.07 876 Param) o & 28 10 312205 666051 645949 7.40 Param1 o 8 8 10 382071 787573 720645 918
Pam2 nous 1m0 10 @ 4434 1159.. 475201 10000 | |poram2 noas w0 e 21983 1212.. 478847 10000 Param2 n ons w0 10 @ 416226 1196.. 476826 10000

ame Stan [ Stop | Pos | WL | Or | emange| meg | Aw | sow | Ao ame St | Stop | Pos | B | Or [etmange| megre | Ares | Aowi | hato Name Sunt [ Stop | Pos | B | Gr | Aemange| reon | Aves | Ao | Ao
roraml o @4 2 10 S13415 112361 855138 1210 Param1 0o 4 28 10 800268 165682 11569.4 1919 faraml 0o 4 28 10 643731 120895 9770.07 1489
Param2 7 oaus 1m0 10 @ 424368 1116.. 491535 10000 Param2 n a5 1m0 10 @ 416982 1241... 478845 100.00 Param2 7 ons 1m0 10 @ 432228 1171 497379 10000

Nome | sun | stop | Pos | W | Gr [ Aemange] eort | Arws | mown | hae e e e e e s Wame | sun | stp | P | B | Gr [Aemange| Heow | Aes | Mo | Ao
Paraml o 48 28 10 11498 243139 150066 2781 Poram1 o 4 2 10 143722 304215 178207 3289 Poraml o @ 28 10 111549 234941 145782 2564
Param2 7 ous 10 10 @ 413394 1078, 476739 10000 | [ pprama nous 1m0 10 @ 436972 1073.. 498214 10000 | ||Paam2 7 ns 1m0 10 @ 435023 1145.. 495844 10000

(B), LOD of RG-H5 (HA-2.3.4.4b)/PRS in spiked feces (1 SWAB)



HAU/ML

Name. st [ stop | Pos | m | r [nemange| Hoont | wes | msn | mato Name Stunt [ Siop | Pos | B | G | meflange| meone | Awa | mowt | fato Name Strt | stop | Pos | B | G | nemange| neont | wes | mosn | a0
Paraml s 7% 40 10 399.043 941276 512386 2.4 Param1 s % 40 10 360503 818542 4760 173 Param1 s 7% 40 10 312624 7467.4 483267 181
Param2 % 21 181 10 @ 231315 440298 299089 10000 | |raram2 % 21 181 10 @ 247516 471873 321396 10000 Param2 % 21 181 10 @ 219615 412099 28427 100,00

Name stat [ stop | pos | W | ar [Aemange| Heont | A | s | mao Mome [ s [ stop | ros | w | ar [memange| megne | wes | aomt | mwo Name stant [ swop [ Pos | L | r [Reange| Meont | aws | M | mato
Param1 s 78 4 10 30719 702785 496236 174 Paraml s 18 40 10 391838 831117 500468 258 Param2 31 66 40 10 20583 490685 461697 148
Param2 9 21 181 10 @ 20778.7 403789 268268 100.00 Param2 9% 221 181 10 @ 168863 321769 229066 100.00 Param$. 123 21 186 10 @ 172063 331158 22608  100.00

Name | Stan | top | Pos | | Gu | Aetmange| Heont | Ares | Absn | Aato Nome [ 5tan [ si0p | Pos | %L | v | emange] mowne | Aws | mowt | Ao Name | Stan | Sp | Pos | i | Gv | neange] oont | ww | Aosn | hato
Params 123 21 186 10 @ 125065 247155 174081 100.00 Param$. 123 21 186 10 @ 127809 246859 175648 100.00 Param$ 123 21 186 10 @ 128199 237419 173258 100.00

2 =l

Nome St [ Sp | pos | B | Gr [ nemange| negnt | Aw | Ao | nato Name | sunt | siop | s | ™ eange | Hognt | wes | mom | mawe e Surt [ Stop | s | BL | G [ nemange] negt | Ave | Ao | mato
Params. 123 21 186 10 @ 143969 270415 194862 100.00 Param$ 123 221 186 10 @ 149228 274170 202465 10000 Params. 123 21 186 10 @ 13687.6 263245 184274 100.00

ame St | Stop | Pos | W | Or | Acange| Mont | A | A | mato Wame | 5an [ siop | s | B | O [ emange] megre | Aves | sow | pati ™ Stun [ stop | Pos | B | | Aemange| meg | Aes | mown | mao
Param2 10 378299 836224 759812 2948 Param2 31 66 40 10 303244 667627 66018 3015 Param2 31 66 40 0 259752 595462 593814 2175
Params 123 21 186 10 @ 151214 283699 204405 100.00 Params 123 221 186 10 @ 118734 221414 162767 10000 Porams 123 21 16 10 @ 110493 214610 155043 100.00

Name strt [stop | pos | B | r [nemange| Moo | aws | Mo | mao Qr [ memange | meght | aes | mowt | o Name. st | stop | Pos | B | Qr |nemange| Hoow | Aw | A | mato
Params 123 21 16 10 @ 198146 372552 256311 10000 | | params 123 21 186 10 @ 166216 307843 233816 10000 Params 123 21 186 10 @ 17009.5 326499 22317.4 100.00

(C), LOD of RG-HS5 (HA-2.3.4.4b)/PRS in spiked feces (2 SWAB)
2 .I] - 2 : = £ !

_— P P o] (] T o) P et e Name San [ step | Pos | B | Or [emange] eone | Ama | abwi | ato Name. Stat | Stop | Pos | B | Or | memange| Heone | Aws | Ab | Rae
- % s 1 10 @ 225071 s0u413 291459 10000 [Pem3 6 8 12 10 @ 259841 476813 334612 10000 [l Param3 66 28 12 10 @ 276812 515060 361689 10000

ame Sturt | stop | os | W | Gr | Aemange| reone | wes | Ao | maco Name St | Stop | Pos | W | G |Aemange| heot | Ame | ow | Aate Wame | St | Stop | Pos | B | Gr |memange| veont | Aws | Awn | fao

Name Start | Stcp | Pos | B | G | Memange | Meont | e | Ao | mwio Name. Stan [ s0p | ros | ® | v [ emmange | meo | A | sow | maxe Name. Stant [ st | Pos | B | Gr | memange| veont | Aws | mwn | Ao
Param3 6 248 122 10 @ 201847 732534 428396 10000 Poram3 66 248 12 10 @ 271098 674737 463706 100.00 Param3 66 248 182 10 @ 267682 631828 45928 100,00

Name Stat | Step | Pos | ™ Aes At Ratio Name. stan | stop | Pos | W Qr | nemange | Heght A A Rato Name. Start | Stop | Pos | WL Qr | memange | Hegst | Aes Ao Ratio.

Name Start | Stcp | hos | W | Or [memange| newnt | Aea | mosn | Rao Name Start [ Stop | s | WL | G | Aemange| wewnt | A | mowi | e Name. Stan | Stop | Pun | B | Gr | emange| meint | Aes | Aean | mate
Poram1 6 55 35 10 225614 50955 661076 833 Param1 6 55 35 10 328469 737298 790051 1228 [f Poram1 ss 35 10 260673 598138 704497 992
Poram3 66 28 182 10 @ 27069.4 499908 351652 10000 Poram3 66 208 182 10 @ 267449 487691 34637.8 10000 || Poram3 66 248 132 10 @ 262642 479460 344537 10000

Name stat | step | s | w | Remarge e s At a0 Name Start | Stop | Pos | W Q| AefRange | Meght Ares Ao Ratio. Name Start | Stop | Pos | WL Qr | Remange | Heght Mes Ao Ratio
Param3 %6 248 1822 10 @ 24466 446047 353157 10000 Param3 66 248 182 10 @ 256833 486980 342598 100.00 Param3 6 248 182 10 @ 26950.3 505873 357388 100.00




(C), LOD of RG-H5 (HA-2.3.4.4b)/PRS8 in spiked feces (3 SWAB)
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Figure.S7. Raw fluorescence peaks from the test line (TL) and control line

testing of spiked samples.

(CL) in FICT for



(n=3).
(A), Standard curve for real time PCR of HA — H5.
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Figure.S8. Raw of rRT-PCR for LoD in spiked samples. The linear relationship between the
threshold cycle (Ct) and RNA copy number was shown for standard and LOD virus of FICT in
difference kind of spiked samples. Standard curve for real time PCR of HA — H5 (A). RG-H5

(HA-2.3.4.4b)/PR8 virus (B).



Virus titer
(640 HAU/ml) 1 2

TL CL TL. CL

Name Stat | Stop | Pos | B | Qr |Refange| Heght ey s Ratoo Qr | Refange | Hegt | Aves AbsH Rato Qr |neange | Heght | Mes A Ratio
Param1 0 071! 4 10 126107 225991 341078 032 112032 172926 353794 020 Param) 7% 3110 139.141 372034 355584 053
Param3 120 1m0 @ 355281 696633 399359 10000 . 409628 831828 461685 Param2 60 202 169 10 @ 336592 706226 382396 10000

Name | 'St | Sop | Pos | R | Qr |Reonge| egh | Aes | mewn | hao o [remunge | nepe | me | mowt | nwo
faram2 ¥ 055 S0 10 94751 160701 341666 026 12795 226175 356926 026 ware | sont [ sep [ pos [ w0 [ ar [nesange| oo | wm [ s | mao
aram3 6 200 167 10 @ 1931 769264 423271 10000 . 405529 862714 458563 1 Pram] u 5% 0 0 396639 852226 44268 10000

Name | Stat | St | An | T | v |Aemarge Woght | Aw | M | hao
| poamt 1 % 10 17842 12855 1350838 |0 Name | st | step | pes | B | or [Remange| et | we | men | mao Name | St | Stop | Pos | L | Or |Neonge] Mot | Am | Aost | Moo
ey © 200 169 10 @ 202 644702 363502 10000 Param3 61 200 167 10 @ 384565 781724 43311 1 Param] 4 1% 156 10 @ 307372 875528 445517 10000

Name. Stat | Step | Pos | ®L | Qr |Refunge| Heght Ao AosH Rato B | Qr |Refange| Heght | Am Ao Rato Stat | Stop | Pos | L | Qr |Reange| Hegn | Am AesH Rato
Rram 0 B 0 10 108546 189257 347033 021 127956 26175 356926 026 7 5% 3% 10 786118 652621 332476 010
Param3 200 1M 10 @ 414792 893046 464479 100.00 . 405529 862714 458553 100.00 60 202 169 10 @ 325812 658282 367249 100.00

Name sut | Swp | Pos | B | O [Aeange| meght | we | s | mato Stat | Stop | Pos | Tl | C |heange| Hegt | am | mn | Rato Name Strt | Stop | Ros | L | Q |RefRange| Heght | A | AbsH | Ratio
param3 62 167 . 07769 50971 458154 10000 61 200 167 10 @ 430864 957384 479197 10000 Param] 610 16 10 @ 34756 80422 427536 10000

mu o T =T m
Paraml 8 45 u w0 161081 285904 3376.05 041 131586 131 044 Name St | Stop | Pos | WL | Qr [Meonge| neght | Am | s | mto
aram2 6 1% 13 10 @ U6MB 696769 387022 10000 am2 @ 193 155 . 207129 67221 US863 10000 Pram] %% 16 10 @ 387916 806819 435738 10000

ar [remonge| negnt | wes | s | meo ar [ nemange | vegr | wm | s | mo Qr [nemange| vegw | wes | s | meo

385746 870048 434585 11484 974 879490 41005 9669 330694 719516 3
. 371539 757606 417054 100.00 . 407248 909558 455287 10000 Param2 4% 19 153 10 @ 237866 434026 281069 100.00
mm St | Stop | Pos | B | Qv |Reflange| Megh | Aw | Mot | Mo r [ remange | vegt | wes | mon | e Nane |'v' |lw P | W | or [memge| nogx | e | mes | o
Paraml 8 4 u 10 264552 S37336 306498 8308 381605 891035 425171 11083 Praml LI 34285 139524 392726 10580
RPm2 % 190 153 10 @ W2 646769 367501 10000 . 186826 803967 43881 10000 Param2 % 190 13 10 @ 342453 699006 388981 100.00

Figure S9. Specificity of the FICT assay. Raw fluorescence peaks from the test line (TL) and

control line (CL) in FICT are showing for difference subtype of influenza virus (n = 3).




A. HPAIV H5 RGV 2.3.4.4b B. LPAIV H5N3
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Figure S10. Detection of HS virus by using Bionote Influenza Ag test kit. (A). HPAIV H5 RGV

2.3.4.4b, (B). LPAIV H5N3 virus. Black arrow indicates limit of detection for each viruse.
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Figure.S11. Determination of 50% egg infective dose (EID50) of virus stock. (A), HS RGV
2.3.4.4b and (B), A(H5N6)/Duck/Foshan/41/2019) 2.3.4.4c. H5/ PR8 (HA-2.3.4.4b) was
diluted 20 folds from stock of 20480000 HAU/ml. After that, make serial 10-fold dilutions
of viruses then 100ul were inoculate into 10-day-old SPF embryonated chicken eggs, five eggs

for each dilution. The eggs were incubated at 37 °C for 3 days. Allantois fluid was harvested



and tested via HA assays and EIDS50 calculation of viruses was performed using the Reed and

Muench method. “-”: Negative; “+”: Positive.
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Fig.S12. Raw data of FICT test to detect HON2 and A(H5N6)/Duck/Foshan/41/2019 in

clinical samples. (A). Stool samples (B). Cloacal samples.
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Figure.S13. Performance of RDT kit to detect HSN6 2.3.4.4c in clinical samples by using

colloidal gold-based rapid diagnostic kit using the same pair mnAbs.



