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AdsEdA dd AN HA(humoral immunity) 2 A Evf7)
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w9 g2 (immunodiffusion) &2 =43 1ml EE 1 E2d 39
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Aol 5 H3le] 0.1% AL §AL Fe F o)A 30% Fot AA
3 BEol & 9 AN §AL WY
otk @l the 5u) Ee] 25% BANEF, 0.02% EELHN

SNE Ttk § HARo|A AMAB| 5] FHA AS ST
4., E4A9=AW (enzyme-linked immunosorbent assay)

Mz HAL 39S 75 ng/well ‘X & coating bufferol]l 34 d}o]

otk

5

96-well microplatee] A7 3+ 3 4Co|A 1647+ =<k ¥F-235}o]
S BAAAT FEY 0.05% Tween-207F %35 PBS (PBST)Z 33

A28+ & blocking buffer (0.2% Skim milk”7} ¥3t% PBST)E welld

olo

100 iy Ak F 37TCAA 1AZF &<F RESAIFT HE

5=
1%
i, o

microplate® PBSTE 33] A& 3}ar, 10 pg/ml High 5 vkl o]

oSt
(o,
o

serum dilution buffere] 1:1002.= 3]A3 A5 100 ul=

v}

ZkA1 71 96-well microplate®] ¥l 37TColA 1A17F 308 F<F wk-&A

.

o o

A 31248 dAHS wEAlZl 3o microplateE PBSTZ 33

0.



M=A3kar, 221 841 HRP7F A%+ rabbit anti-human IgGE 1:50,000
o= 3|3t 100 ply AHzlstal 2A17F Fet Aol A WAL 1
2 t}S microplate® PBSTZ 33] AJ#3a2 TMB solution (KPL,
Gaithersburg, MD, USA)S. & AFo|xl 10% =¢F ¥F2A]71 3 25 N
(1.75 M) kg ow kg
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o
o\

A7 & 450 nmoll A &4 =

il
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5. 32394 =AY (hemagglutination inhibition assay)

H| 5ol AAAE 2243t A17]7] A% 9 dAg AHe=, A
receptor destroying enzyme (RDE)<S 1:3 37} ¥ =& &3tstal 37C
o A 12A1%F vigE - 56T oA 30% &<t ¥3AA RDEE &&/d3}
Al

e g8 Aeo® %7 3 PBSE 6W] RyvtE Hrlste] 3o F

N
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1 t}8 B E H(sodium carbonate, NasCO4) o= F3FA F T 1

o
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M E=7F 101100 FA Ak A Wl vEe] $3UE AAI

$al, 9o WHo® RDEES AHuldh d3S HdFo 1:20 Hl&o] H=

Z Hrbsk 3 2 Aol FAa, 4ToA 1A e A7 & AR
(1,200 rpm, 10%, 4C)3F & 525 dHS AASGL. 29 gL 96-

well microplate®] Z} wello] PBS 25 uyl®¥S Y1 1:100= 3|A
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S zF wellol 50 WA WoHw gETFoRE PBS 50 ple AHEa}
Atk 19 welli-8 83 25 p® 2w @A A8 vxer 25 ul

H#H ok A= Fllx} nvlolg] A 3(8 HAU/2E uDS 7+ welld] #1238}

gl

84 gzl s 9 gl PBS 25 e H7bSHATE 0.5% HWE A

15

-

£

75 ZF wellel 50 w® ¥i 25C oA 30% "EEAIZ & &3

6. HAF3 2241 (microneutralization test)

a4 Wl T3 IA 97k SAHsH] Y@ MDCK AEE 96-well
culture plateo] 1.5X10* cells/welle] A star 37°ColA  wjdsle]
monolayer’} A= =S 3t S 56TAA 308 & A &
S| NS ZF welldl 50 pl¥ 2L F flolA AL dHs 10 uH
A etelar, tzaeds M dS 40 pl B HrRskgivh 1™ o 50
u® o 2n) wgE FgAegla wkAe 50 pleE Wt g33kdE
vlol# (100 TCID) 50 plE 2t wellel ¥ar 50 & 2¥] #j4=
Akl AA FI7E 100 pb HEE s H3 bt~
TFNS 37TCAAA 1AIRE REEAIL & o] WhEES MDCK Al

Azbatedeh, A ohg, 37CelAl 18A17F WlkElal A EE PBS®E



AHSn 80% ohIESE  wAAZh woleds wule] EA:

65 ¥ female C57BL/6 mice & 2 10714 & 47522 Yo
A ZF M=} npol#l 2~ A/California/04/2009 (HIN1, CA/04)9]
FAEZAA BEdAFAA)S 7 0.2, 0.5, 0.8 ng =2EE IHFAL
Attt 2 Fo] U3 whHo R 23 MAIHFES g on, Hiolg A
A4 A(virus challenge)s #al vz AddLS AAst] 23
MAHFE 25 Fo]  CH7BL/6  miceo] wHlolE2E  FY3I}F F
A ZWH3H(body weight change)®t AEE(survival rate)S FA133c}.
Tk MAHE 27 R AFAY] HE FEste] @A SHE B

FAUYSANS FAGAT AT 2AFE e 2

o
i
iy
o
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Week 0 Week 2 Week 4 Week 6
Vaccination Boosting Challenge

—

Group1 :PBS i Body weight & survival rate

Group2:0.2ug e ~ >
Group3:0.5ug
Group4:0.8ug
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Az} wlolglA~ HIN1S Alx3 HA1 oS o] &3k

—

=
=
xSy Aldae] A

S AY A FYor A Az HALS 27] 96

g3 QZFqlx  wlolel~  A/New  York/3561/2009 (HIN1)9]

Xbal SIx|AFo] U= ZFolm R A FTHS-(polymerase chain

reaction, PCR)= &3] SFatt. S3FE DNA ©AS st

A

Agdais dAdste] C-2de] 6X His-tagel U&= E. coli @A

gl g] ol pETo} upEEwHlo] 2] ~(baculovirus) Wz dkgwlg] Q]
pACgp67 (BD Bioscience, Franklin Lakes, NJ, USA)o] Argslit

(28 D).
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H1N1-HA1-18-344-
PAcGP67a

a7 1. JIEFA vpolE 2~ A /New York/3561/2009 (HIND)®| &l|nt=+F

E]
42 AR, FuEFFEd FAAE 5-"de] AdlaAs Bglll, 3-¥d

.

Atas Xbal AAALe] e ZeolHZ AHFHRSS &3 T3t
ZXy DNA 93RS 7H7te] Aetgsz duste] C-2ko] 6X his-tage] Y+

-17 -



72 v g
55 e
43 -
34
26 -
17 - %,
10 e
- P!
~ andund .
Coomassie blue staining Silver staining

g% 2. vpEEutolE s A AgoA ALk HALT o] kg gl SDS-
PAGEE F33le] HA1 @S Egslal FrpNEF 2 SdAaW e F3) HAL
&

At M mE] A% marker olH, &A1 WE HAL 1 g,

;O

High 5 A|3Z8jFe! 1 pg, HA1 8.6 pg, High 5 Al Zwjekod 8.6 ngs & st}

ATFAA vholels suEREUY 584 AF A

A%F HAL B9 ZR9ste] £ coli D vhEailolezs Alzxgdx

i
Fl
e
L

AAreth, His-HAL 0.2 mg/ml, &9 =% % 500 ng/well, 8%
34 w4 1:100, anti-human-IgG  1:10,000 Z7AoA AHS
33U, E coli A AArEl HA1 ©9S o]83}o] antibody capture
ELISA Alg3he Azste] a9l $A4 A7 1409 54 dHS

o)

s 2 oAs =X FUel WSS A @e AT % F 9

o

32
i3

>
o

(2" 3A). whdel, 9o} 2 A9 o= npgEnfolg oM A

HAL @5 o]gstol A dH3 o4 dHez aaudgsAd

%
o

F33 Ay =& AAAAE BT (19 3B).
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Reference standard Microneutralization test (above 1:160 is positive)

Test ELISA
Reference standard |Reference standard
is positive is negative
Test is positive 65 20
Test is negative 3 143
confidence interval 95
Sensitivity 0.9559 CI: 0.8781 to 0.9849
Specificity 0.8773 CI: 0.8181 t0 0.9191

o R, QAQEFAdA weolH 2~ HIN1S AZF HAL @S o] 8¢

3079 e FRSIaL, g AELS 20099 10258 12€ Aol
reverse transcription-polymerase chain reaction (RT-PCR)=
AFTAA HINL 79 e we 473o=yg A A=
HINI-HA1 @89S o] &3 vheE SAaWgdSAY AFdS A8std 9
Foagel Wsl AAE AR A3 Fold Aolg wEY & YA

(19 6).
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ololm  FAlo 3R AA A 977l 1:160 o]l dHS

AAste],  1doem  HAFE  FY AES 2w A

1800
1.5
1600
1400 1.21
——pooled serum
1200 E
c 094
E 1000 8
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~®=H1N1 immune O
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350 4
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Abstract

Development of the enzyme-linked immunosorbent assay for assessing

immunological correlates of protection against influenza virus infection

Eunsun Park

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Jae Myun Lee)

Influenza is a highly contagious, acute illness in humans. Influenza
viruses cause annual epidemics and occasional pandemic that have claimed
the millions of lives. And the burdens from influenza are the severe disease
and deaths and also great economic impact.

The two surface glycoprotein of the influenza virus hemagglutinin (HA)
and neuraminidase (NA) are the most important antigens for inducing
protective immunity in the host and therefore show greatest variation.

The RNA of influenza A viruses is segmented into 8 distinct genes and

as a result of genetic reassortment can occur in mixed infections with
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different viruses. The pandemic viruses may arise by genetic reassortment of
viruses of human and avian origin.

Up to this date, the pandemic influenza HIN1 2009 has spread
throughout the world with unexpected speed. Accurate and rapid diagnosis
of this influenza virus is critical for minimizing further spread combined
with timely implementation of antiviral treatment and public health based
measures.

Vaccination is the primary means to prevent seasonal and pandemic
influenza infections, however, antibody responses to influenza virus are
generally not cross-reactive neutralizing but rather strain-specific. Therefore,
development of effective vaccines is crucially important as a strategy for
minimizing the public health risk.

Most of the acquired protection against influenza virus comes from
antibodies in the blood. After the primary infection or vaccination, virus
neutralizing antibodies to the hemagglutinin and neuraminidase appear in the
blood. Hemagglutinin inhibition assay (HI assay) has been used most
commonly to detect anti-influenza virus antibody. Antibodies inhibit
hemagglutination and this correlates fairly well with the level of protection.
Hence often the level of these specific antibodies is used as a proxy for the
presumed level of protection to indicate immunity.

However, the labor intensiveness of HI assay is a major hindrance to its
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use on a large scale. Recently, enzyme-linked immunosorbent assay (ELISA),
such as its ability to deal with a large number of samples at a time, less labor
intensiveness, and higher analytic sensitivity has been developed for
detecting antibody against influenza viruses.

We developed ELISA with recombinant HA1 protein of influenza virus
HIN1 and investigated the ELISA IgG titer that correlates with immune
protection against influenza virus infection and validated immune correlation

of protection in animal model.

Key Words: Influenza virus, immune correlates of protection, enzyme-linked

immunosorbent assay (ELISA), ELISA IgG titer
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