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Abstract

Influenza virus is one of the main causes of pneumonia of the elderly and
children each year. It can cause otitis media, acute bronchitis, pneumonia,
encephalitis and other diseases. With the gene mutability of influenza virus, it
often causes yearly epidemics around the world, which lead to many people being
sick, and even death.

The aim of this project was to investigate the influenza seroepidemiology in
preschool children to correlate with the extent of yearly influenza epidemics. The
hemagglutinin inhibition (HAI) assay was used to detect the serum antibody of
influenza virus. In order to understand the effect of influenza vaccine, we
analyzed the relevant demographic data and influenza vaccination record. The
results of this project could serve as references for the forecast of influenza
epidemic strain, epidemic scale and the policies of vaccination in the future.

We have enrolled 60 healthy children aged 2~8 years old in this study from
August to September 2021. However, there have been fewer influenza cases in
this flu season of Taiwan than in any on record. There was no isolation of
influenza virus to complete HAI assay. Because of this reason, we cannot to
predict the epidemic virus strains this year.

We have optimized an in-house ELISA against COVID-19 N and RBD protein
that is sensitive and specific. The ELISA test was performed on 60 samples and
identified were all negative.

keywords : influenza virus, influenza vaccine, antibody response, seroprotection
rate, yearly epidemic
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7 > ;% (WHO Manual on Animal Influenza Diagnosis and Surveillance) (13)
T FAeT
- ~ = 77 RDE fi# % (receptor destroy enzyme) v e JZ 4 3
1. #1volume x jFie w3 1.5ml gp.v ¢ ¢
#~ 3 volume RDE(100 units/ml) s x 72 & - vortex
37°C i¥* > overnight
56°C it* 30 » 48

4 » 6 volume =1 PBS (Final serum dilution 3 1:10)

N o W N

-20°C %3¢
=R R ERR I
(A)zE# % 0.75%=% & 8o BT R
AEAI R 2R ) PR B ST A e RIE
FRE TR E IR EEME ) RS - ) gL AN
1. X 2R 2595ml> e r 0.5ml endru@ @ %132 > LimiRE > &
BEg- 2
2. Fied 7k 0 B~ 2ml 7 FuE A s R o 4o~ PBS 3 14 ml 12 1500 RPM
oo 5 A4B(E WA BT B F R PIRE)
3. ElH- iR e r PBSodEiER S R R3S 0 A
t5— = 11 2000 RPM 2w 15 A 48
4. FI3- iR o Bgte i8¢ B RBC o 2 2 0.75%:0 RBC f& i

(B)f#+ HA ftiter il 3#
1. U Re9634 4% > 3% = 7|3 % ~ 74 » 50 ul (7 PBS 3 7%
2. 3% - 74~ 100 pl E'?'T}Iiai FLR % > negative control = B2 100

ul PBS B~ &% g



3. B % - Fehp R 50l 4~ & = A R E LR £ 18 | B 50
Wl4e x5 2 3] 4o B LR 5 7
4, A w4 ~ 12 PBS 7}%‘%‘5”70-75/0 R 2 R IR 50 ul /well » 12+ 4

Beth ke 1 6 2 (AT S BN ERE 30440 2 632
[
p

h R REe A4 = 255 5 endpointe 4 1:256 % end point -
TR & 256 HA/50ul -

5. i 7k SR B Fr RS &0 PBS 3R fFALR R T F S0l
iR ? 73 8HAUNt shykh o (LHAUNIt 5 5 107 Bp4 £ )

(C)s o & § 1325 (HAI assay)

1 B~ U )R eh 06344 » 455 = 7|3 % ~ 74 » 25 ul chPBS i3 7%

2. % % — 7|4 » 50 ul RDE treated serum

3. B % - Flenpul 25l 4e » B o A kBB RS RL P25
e » % = 5] > Aot B 3']7%‘1"?_—? NN

4. A wl4e » 2500 © FrE D SHA unit/S0 ul chfR B Fuh » 14 = oot &
906 L4 B FRTE BRI AL

-

5. 4v » 11 PBS ﬁrf?m 0.75% eh=x = &lizx Zf 50 pl/well » I 3%

N
pira

w}

#E 3044 2 el
s B G dliEse  ow Th R E K T 8B % 5 end point titer

(D) Quality control
1. & =ti& 7 HIRIEPF ¥ — #k & duplicate > Fe P i serum control (=
treated serum (1:10~640) 25 ul +25 ul PBS + 50 ul 0.75% GP RBC) -

% serumcontrol o R EF 1 FHEBE2 % o
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2. & % HI B PFRUE m4 ok 2 back titration > rigg itz * 2
Fu4 i & 49 - — 4k backtitration PF € & 4HA, 2HA, 1HA, 0.5HA/25ul>
T ¥ PRz AHA 2HA = 2 8 > IHA = > & 3317 % 28 8 - 0.5HA
530G E o 4o FUk backtitration 5% i MpF > Hititer €t 5 %
BB 0 F 2B Hltiter € ¢ "% &< o

o R FHERE A

O S EORAR R Y AR e TR T T ST R ohdg R L B

P T 3o L8 2k i Geometric mean titer (GMT) 2 & 5 & £ &

seroprotection rate » x i FEF AP F4oT 0 HAL IR T+ 3+ 40

= 4 5 (the percentage of vaccine recipients with a serum HAI titer at least

1:40 after vaccination) (13) -

S MixIEEAR

FH%P\ 75'&‘"—1‘-%\
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$ 3 300 0 ATE L L F R R
&4t > £ 429a.a.¢7 COVID-19 N protein & = 3-v F 2 COVID-19
splike 3-v 7 2 317-539 RBD % £ DNA » 14 f 7 4 7 % 5t
( Escherichiacoli ) iz 7€ e dv £ ¥ 87355 Fv 2 H $hintld >
P EpPR g E- P2 Eedy 3 RAPER 2o BEd L AR

iz (ELISA) enfgip] > 2 » B Eacg ¥ v 2. ELISA ## 2

iy BT
- ~EEFO 2 WHES
(A) COVID-19 N protein %] #

1 * ~ % 4% F(Escherichiacoli )™ # &g it 2 it A 4 4 3o 7
o5 f8 ik gk - B L1395 Refseq YP_009724397.2 - 41* PCR ¥ 5] COVID-19
nucleocapsid phosphoprotein #-v & > & 79 DNA 7 £ o -t DNA ¥ E:E 7
I pET28a # 1% ¥u(Novagen) #& ;3 BL21(DE3) > 12 BL21(DE3)# 3 &
24 2ml #i% 4 » 400 ml > Luria Broth # > 14 37°C 200 rpm 3% % = OD600
0.8-1.0 = 4> £ 4t » 4ml 1 IPTG (100 mM)>4 -] B {4 r2 10000 rpm (KUBOTA

6000 Rotor A-5006)&t 10 4 4& o #-fFi% & %> 10ml Lysis buffer (50 mM

TrispH8, 1 mM PMSF, 0.15 mM NaCl) 41 * 42 3 & & F &L w¥e 8 &2 3 min>
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#L ) t¢ 10000 rpm (KUBOTA RA-508C) 10 /a\ﬁ_“,f—i AL 2 kP o

Bot R a0 e 5B LmlNi-NTA resin i & » Je i ™ %
;% 48 % Flowthrough (Ft) =3t & o 3 18 » 20 ml %5554 e (Wash buffer
50 mM Tris pH8.0 - 150 mM NaCl - 50 mM Imidazole) i o 4v » ik 3 b7
% (elution buffer; 50 mM Tris-HCI » 150 mM NaCl > 300 mM Imidazole - %
e pHER 2 80) » & Imljcd-¢ > £4cf 10 ¢ » i2 7 SDS-PAGE
T % Western Blot 4 47 - & % j£{F C 4% His-tag ¢02> & 42%.a.& e»
COVID-19 N protein £ ‘e 3o F -

(B) COVID-19 RBD protein %l #

B £ 1295 Ref seq UIW77551.1 #- COVID-19 splike #v % 2 317-539
RBD % £ 7 DNA # » pcDNA3.4 £ 4 H & % 3 293F wre @ 2 (7 4 3o
72 ) FEis g 400ml 2 & % 2 3000 rpm (KUBOTA 6000 Rotor A-5006) g
s 10 A48 0 B iR T EE A R0 e 5P~k 2 LmINi-NTA resin 2 & o
Jo B n T ke k8 5 Flow through (Ft)engi & o %@ ~ 20 ml e s i e
(Wash buffer 50 mM Tris pH8.0 » 150 mM NaCl - 50 mM Imidazole) % ° 4
» &k ¥ % (elution buffer; 50 mM Tris-HCI » 150 mM NaCl > 300 mM
Imidazole - % iz pH @33 5 80) » & 1mljcf- ¢ » 2§ 10§ > &

= SDS-PAGE % /2 Western Blot 4 78 % £ C x4 5 His-tag =7 300a.a.
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£ 1 COVID-19 RBD protein £ & 3¢ % o

= ~ COVID-19 ELISA binding test:

&%) 2 Sug/ml COVID 19 N protein 12 2 Sug/ml COVID 19 RBD protein,
50 pl/well £ 2 F-9 % 4°CT F§ e fif(coating) i 96 44 ELISA jic g »< i %
+ oo TBST e 4 =xis £ * 200ul 2. 2% BSA (Bovine serum albumin:
BioBasic 9048-46-8 in TBS )** 37°CT™ i& = 1 -] ¥ blocking i¥#* - 12 TBST
i 4 S0 be r 150 ffAE Rl 2 fH R F s 1) e 2 TBST
k4 s 4e ~ 1:10000 AR 2 L E A I9G it -dg AR R R £ T o
*37°CE g 1 ) pFor2 TBST ‘}%'Jﬁa 4 =t B {6 4v » fEE X F 48 TMB (BioLegend

421101) » vz 8 v % 10 A48 » £ 1L & 450 nm Bl k B o
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T ok fde 0 A RA LN IPFR o
60 =% 3 2 A v Ficdc™ & Tablel > T35&8& 74 B » & 4324
B2 ~107 B2 ;9% &L

Table 1.5 g ¢4 v 3k (Jck P # 2021 & 8 7 ~12 1)

Demographic characteristics of the subjects (2021 # 8 ¥ ~12 %)

group (n=60)

Mean 74
Age(month)

Range 24~107

Male 30
Gender

Female 30

EA H X4 T B Figl 24 32 ~36 37 & 5% 37 %2 ~48 @2 }
8% 49 B 7 ~60 B 7" } 5% 61 B2 ~72 @2 } 17% > 73 B ? ~96 i *

¢ 55% 97 " ~107 B2 & 10% -
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W 24-36
W 37-48
W 49-60
W 61-72
W 73-96
96-107

w

Fig.1 # # 4 # ' & §](The ratio of age distribution)

(fek p #2021 83~127)

CER TR S FER-F ER T Tl LR

\4

RAFGEF 107 3l pwep g ¥ rinmpdthao i &
dNATE R U AL AR A AR e Tt Mt H R A0
273l paepgfd grtintipdro@o s & 127 3190

Y 52 T TR F ER AR EL R

¥ Z IR0 PR RS B A

d A9 5% 3 i {7 HAl assay #& Bl:%#+ 60 5 523 ¥4 & &2 e p }];5_%
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2,

Fow iy R R st

(C)R AP E(RRE)ERRF LR L B2 LF G AR R
ok 0 28 BRI R h 9 Bldefe o 5% 4o Table2 2 Table3 #7

oo & 60 lf_si;i"%‘ P 329 m(48.3%) IR IR b sk o H P&

TR B ek Beh 0(0%) o @ o R B R A G 29 (48.3%) )

WAR IR otk > B0 BN EFRE b A B L 0(0%) e

Table2. £38¥ 2 AR (fck P 2021 & 87 ~12 1)

L/NAREEFELR(ESE | HERE > F | HEE  FAEOREE

NHESF2H) BE |BHEEAR
BEELORERER | THRE

& 29/60=48.3% & 1A SRR AT 38°CHVIEIN : 0%
0/29=0%

2. B HLAEJEEVIEAR : 0%

3. BB 14 0%

4.8 HHMBUREEY) - fla5
i EL: 0%

&
29/29=100%

x  31/60=52.7%
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Table3. %3 %M 2 AK L (fck p #2021 &£ 89 ~12 1)

LEFAREFUNARES | BHEHE 5 | GEHR  FHAOMTHEE
F2H) MNEREEIGR | HESRR

AREARLREER | THEE

&= 29/60=48.3% = 1.5 & (B R 38 C)HYIEAR : 0%
0/29=0%
2. G HLAE JRIIRERR : 0%
3R HRETPA T : 0%
A5 HEHREE TR LY - f140
T E: 0%
&
29/29=100%

A 31/60=52.7%

()R EXFF PR e B 0 B hdo Table 4 #7774 60 LK ¢

T 54 O0%)R R F L mw TR E Ay 0 ST B R RRARAS RS D
Tabled. ZiFH 2 R &ML (JcHp#H 2021 # 8% ~12 %)

3/NHR(ZEE) | FEF T BE RSy - GHIEEE]
PARTE T 7R

e HIELABI

HiT#  54/60=90% 2016: 33/54=61.1%
(FHAFTHERTH1/33=3%)
2017: 37/54= 68.5%
(ELrhdTa{&E1yHE2/37=5.4%)
2018: 38/54=70.4%
(FHHFTA{EHT52/38=5.2%)
2019: 35/54= 64.8%
(HFTa{E1y7521/35=60%)
2020: 40/54= 74%
(Hh$T4{E4540/40=100%)

ST 6/60=10%
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ELISA assay © F i {8 5 pl2EiEresc (Fig2.) - 60 =523 ¥l %1%

NT test (wuhan RBD) [1-(OD of sample/OD of Negative)]*100%
100- =>20% =positive
<20% =Negative

oS
S 80-
E NIBSC code: 20-136
T 60 NIBSC code: 20-168 (150,148,142,140)
qg Sl e
7] Wuhan Wuhan
2 aqp 10X RBD RBD
]
[1:] 0,
s Wb 136 0.2 62.48%
2 S mE e 150 0.377 29.27%
© 0 o P 148 0.413 22.51%
1 1 1 1 T T
140 0.519 2.63%
>° & g > W \i(@" ’
@ 142 0.541 -1.50%
buffer 0.533 0.00%

Fig 2. SARS Covid2 Neutralizing Antibody ELISA test - &% 552 3P| i
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2022/1/9-15) #4408 2020 & % 8 F B doini o 5 2 fic < vy ™ % (Fig 3a) »

AOEALY BT AR E (P 2021 E 107 1P A) s B2 i BAER LA
AR R B ER R K A kAR A R LR

(Fig3b) - AL % p 2 &5 7 H & efuif 54 (Fig3c)» A 2021 # 5 7 42
|.§Aa\é{,ﬁ_4'm\1iv;\3£}?5.* LHWMRB }?54;28;7!\;%,* 0

ATREP WA RINEEF LB AL BIEF (2020 10 7 1
P 22021 97 30 P )R 26img &g Eom (1 & HIN2~1 5] A A4

A ) B LB o
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Fig 3c. = b‘uiﬁ v;a% & )%
3 A % B ii R iE R 2022 # % 2 3F (2022/1/9-15)
RERRRESHTRE - $RERFHDEE

120 RSV @ FParainf. HSV cMv ® Adeno. 90 %

® Influenza % Positive
(7))
Q
e > LTE N
(1o}
S 80 $iEW$g/)[L{TE/\j 60 % L
o RS =R o, BE
5 IR 7 B oy BEL A 2

wn
— RS == Ne===A -
5 s MR =
a 40 30% o
S
z . i
1
i .I . |I I|I .|
||| |||.. HIH | 1IEAHT HHH SN eHHTRH o
0 0%
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Year-Week of Specimen Received
— > — 2 v N\
N L NG -0 A

2021 & 57 B4R S AL RN T OURP R g IR Ak bR
Rp ke + 2 (Figd) Z % E XS p 7 & #%%Eﬁ o NRIR BrAR
B RFE- AR F RS EErE ] o d gt AP R fRie- R
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