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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 2~6 years old in this study from
August to October 2017. Children were surveyed using questionnaire and blood
samples were collected. The HAI titers against 4 strains (HLIN1, H3N2, B
/Victoria, B /Yamagata) were determined.

The results showed that children had high seroprotection rates for most
influenza subtypes except for H3N2 (35%) and B/Yamagata (32%). It suggests
that most children were more vulnerable to H3N2 and B/Yamagata. In addition,
according to the vaccination records, we analyzed whether the influenza vaccine
could provide adequate protection. Although 80% of children had been
vaccinated previously, the antibody responses of H3N2 and B/Yamagata were
still low, only 25~ 27% of the subjects have seroprotection.

Taken together, we found that the seroprotection rate of H3N2 and
B/Yamagata were low in children. We suggest to keep close look on these two
viral strains in the coming influenza season in Taiwan.

keywords : influenza virus, influenza vaccine, antibody response, seroprotection
rate, yearly epidemic
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20 ek S AR RS A FR 2T FR A RORAF LY ik o R
FTRpr o R ELI R EEP P HIRF T HEE T R F RS
PRLE ¥ x EGFIHLPRRBERRE  FEA AT H 2T

BRAVEMBY -

>
™

R L AR RS R B

s P2y 24 B 6 R Eo g kY h2 iRFRR B 2
P A

2~ P Rl BRA D R FIR R E PR ox il 0 & 16~32HA

= AR :;];ai R4 B & 1. A/Taiwan/88331/2017(H1N1)

2. A/Taiwan/98583/2017(H3N2)
3. A/Taiwan/88379/2017(H3N2)
4. B/Taiwan/98446/2017(B/Vic)
5. B/Taiwan/88239/2017(B/Yam)

3~ AU ptw A LR FIE B R RAR 0 12 HAL assay (s 3 ]
)Wk i A TR R R PR
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£ 200 1k Al i R

F1# HAI assay & (74iMp3E - d A ¢ FRIEA I AR R BT HAI
assay-HAl assay % & J ik s ik ends fo it S8 E Rl £ 0 L (738
7 > ;2 (WHO Manual on Animal Influenza Diagnosis and Surveillance) (13)

Fim A FAeT

- ~ = i RDE p% % (receptor destroy enzyme) =i a2 # 3%
1. #1volume x jFietw 3 1.5ml gg.v ¢ ¢

#~ 3 volume RDE(100 units/ml) £ x 532 & - vortex

37°C i®* > overnight

56°C it* 30 » 48

4v » 6 volume =7 PBS (Final serum dilution % 1:10)

N o O W N

-20C #%

S BRI
(A):a# 8 #:0.75% % £ K TR
A R ERL R ) RS SRR :},;‘3:’# g fd > PRIER
%ikﬁ’%Hﬁ%%mﬁé%ﬁ’ﬁﬁ*—+@%é@ﬁ
1. B2 2 Ra 25 mlo 4o~ 0.5ml shbu@@iFs% > vi3RE ¥
REEH- &Y
2. ks zh P 2ml F FusEA L o 4 » PBS 1 14ml 12 1500 RPM #t
NI TERIE 20 Y = S - BT
A FR o L 4er PBSo dEiR & 0 R SRgEe E R 30 ke



i5— = 12 2000 RPM &< 15 4 4
4. WH- L FiR o BgEo {5 ¢ B RBC o i¢ & 0.75%:0 RBC & ik

(B)fs# HA titler i3

LU K196 344 » 305 = 713 % A 74 » 50 ul (7 PBS 73 %

2. %% — 7|4~ 100 pl m),%:‘a‘; FLR J % > negative control = B 2 100 pl
PBS B X FL

3. BB - LR S0 pl e r B A MRS E AR AT £ B
SOpl4e » % = 71 > ot BAUHFRT F N7

4. /> wl4he r 12 PBS 8 60 0.75% chx 2 &z 7k 50 ul /well » 2+ g

Mt R 3V 515 0 2 (A UM H AT > B3R R 30 A4 2tk
P I

R AR REE A2 = 25k 5 endpointe 54 1:256 & end point
PR L 256HA/SOu -

B. i {7 G EprdliEsk o f A PBS B R 4R Rk 25 50l
ﬁg‘%,;} " 23 8HAunit sayLk o (1LHAunit ¥ 5 107 fl?-‘lliai )

(C)s 7k 3t & Hr] 38 % (HAI assay)

1. B~ U235 & 196 3445 » 305 = 73 § ~ 7 4c » 25 ul 57 PBS 13 7%

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

3B % - FlenfRl 25 pl de 2 B2 A R ESRE LIRS (S LB
25ul4e > F = 5] 0 et AR T F A7)

4, & Bl4e ~ 25l © ﬁ%—%i 8 HA unit/50 ul s& &k - 0+ 38 ek &
9063t EFRETF B30 A4

5. 4c » 11 PBS - e 0.75% 1% 2 Bliza 3f 50 pl/well> 3 >0 F 8 T #
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B 30 & 48 0 2 {8 iudkd
6. o IR B Pra iR o ERERr BItEEE X A = end point titer

(D) Quiality control
1. & =t i 7 HIRIREF 4 F - #2k & duplicate = pF i serum control(=r
treated serum (1:10~640) 25 pl +25 ul PBS + 50 ul 0.75% GP RBC) -
Z serumcontrol R EF R FHEBEESE o
2. 5 HI R PEFH S Jﬁai#‘a}i‘zi back titration - " FEiFATid * 2
¥4 W & 49 o — 4k back titration FF ¢ 4 4HA, 2HA, 1HA, 0.5HA/25p1 »
¥ R AHA, 2HA = 25 8 0 IHA = 224337 = 238 B - 0.5HA
23t o 4ok PR back titration % % i i<pF > HI titer ¢ v R %

BB o F 2 B Hltiter & % & %o

A E RS

Jui

® T 35 FL R sx % Geometric mean titer (GMT) 2 & #F i # 5
seroprotection rate » x - EF AR PN F 4T 1 HALFR i < 3 40
=9 4 5 (the percentage of vaccine recipients with a serum HAI titer at

least 1:40 after vaccination) (13) -

FFH%P\ E’QE"’T%I
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TRt SRR AL LU

SIS EGN Y FAMBERLA U 28 1 p Bk B

2107 24P > £4ch 60 t%F 0 FCETRHLERERE

60 =% § 2 A v Hpcho™ 4 Tablel» T32& #3985 B 1 » £ % 430
24 "~ B P > EE A I X T B Figl B &R 42400 ~36 B4

d 33%> &% 37T ~48 B > f 52%> @ x348 2 nr F 15% o

Table 1.% ?;éi—'gf SR E= ¥ 4

Demographic characteristics of the subjects (2016 # 8 # ~10 ¥ )

group (N=60)

Mean 39.85
Age(month)

Range 24~69

Male 31
Gender

Female 29
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Fig.1l ##& & % v 5 @ (The ratio of age distribution)

W 24-36
W 37-48
W 49-69

‘E’»
11\1.

R R T8 F E R S8 TR

s QY TASRE 2L 6 PR wAERFY FHA K
AETEoRAPRTPEL LS ESB L RINFT BN A A ke
BR 3 R Epd o R RIRS A 2R i ol
16HA~32HA » 4 ] &_

1. A/Taiwan/88331/2017(H1N1)
2. A/Taiwan/98583/2017(H3N2)
3. A/Taiwan/88379/2017(H3N2)
4. B/Taiwan/98446/2017(B/Vic)
5. B/Taiwan/88239/2017(B/Yam)

Hpl s & Ry RALR 0 G817 HAlassay o BRI P Shdal o
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(- )i€_2017 4 8 # ~10 * > £ fc § 60 = § 2« 48 > ‘546 HAI assay
fRiRl ¢ Al o B e 32 iE (Geometric mean titers, GMT) i % 4o
Table 2 #777 o3 LA # 98583/2017(H3N2) HGMT & & $ 18> 24 i -
%77 % 4 BN 40 44 98583/2017(H3N2) » &7 i 4 A8 F J 5 @
88379/2017(H3N2):» GMT &+ 4p % i< » ¥ 4 20.9 ¢
¥ orhd ¥ IA $R B Al R 198446/2017(B/Vic) f- 88239/2017(B/Yam)>
B K AGMT £+ i R § 24989214 257 % 3 P # B AR

R F Ry s Mo

Table 2. Geometric mean HAI antibody titers

(2017 & 8 3 ~10 % 2 % 4 i i)

Geometric mean titer 20174E8H~108
Child group (N=60)
1. A/Taiwan/88331/2017(H1N1) 54
2.A/Taiwan/98583/2017 (H3N2) 18
3.A/Taiwan/88379/2017 (H3N2) 20.9
4.B/Taiwan/98446/2017 (B/Vic) 24.9
5.B/Taiwan/88239/2017 (B/Yam) 21.4
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Table 2-1. Geometric mean HAI antibody titers

(2017 # 8 # ~10 * 2 % § & jF-4 14])

. _ 201748 H~10H
Geometric mean titer

Child group Male Female

(N=31) (N=29)

1. A/Taiwan/88331/2017(H1N1) 65.4 44
2.A/Taiwan/98583/2017 (H3N2) 16.7 19.5
3.A/Taiwan/88379/2017 (H3N2) 20.9 20.9
4.B/Taiwan/98446/2017 (B/Vic) 26.1 23.6
5.B/Taiwan/88239/2017 (B/Yam) 21.3 214

Table 2-2. Geometric mean HAI antibody titers

(2017 & 8 3 ~10 % 2 % § & -4 E# )

WA 2017458 5 ~10

Geometric mean titer 24~69fF | 24~36{H | 37~48(F | 49~69(H
Child group/4y4Eisf@ A A A A
(N=60) (N=20) (N=31) (N=9)
1. A/Taiwan/88331/2017(H1N1) 54 69.6 33.6 117.6
2.A/Taiwan/98583/2017 (H3N2) 18 13.7 16.8 27.2
3.A/Taiwan/88379/2017 (H3N2) 20.9 12.7 15.7 50.4
4.B/Taiwan/98446/2017 (B/Vic) 24.9 23 34.8 31.7
5.B/Taiwan/88239/2017 (B/Yam) 21.4 23.8 22.2 21.6

16



(= ) 7 3£ 2 (Seroprotection rate) - 43

HAI 88 5c )+ *t 40 9

A% % 4o Table 3 %57 o % 2443 98583/2017(H3N2) - Flu B :

88239/2017 (B/Yam) e i Feik 5 % th < A 5] £_35%% 32% % 7 60

%5 § T3t H3N2 2 B/Yamagata > H 2 Ff8 @ i 1< 2 B 5 iR

4o 3T HINL » e - X RE 5 T2% 0 41 8 & - & h% 28

P HINL & 4 R4 o

Table 3. Seroprotection rate (2017 # 8 # ~10 % 2_ % § & 'J%)

Seroprotection rate

20174E8 3 ~108

Child group (N=60)
1. A/Taiwan/88331/2017(H1N1) 72%
2.A/Taiwan/98583/2017 (H3N2) 35%
3.A/Taiwan/88379/2017 (H3N2) 40%

4.B/Taiwan/98446/2017 (B/Vic)

5.B/Taiwan/88239/2017 (B/Yam

)

53%

32%

Table 3-1. Seroprotection rate (2017 # 8 * ~10 ¥ 2. % § & F -4 ## k)

W ZEHARY: 2017428 H~10H

Seroprotection rate 24~69 24~36 37~48 49~69
Child group/5>4E 88 EH A EA EH
(N=60) (N=20) (N=31) (N=9)

1. A/Taiwan/88331/2017(H1N1) 72% 80% 65% 78%
2.A/Taiwan/98583/2017 (H3N2) 35% 20% 39% 56%
3.A/Taiwan/88379/2017 (H3N2) 40% 20% 45% 67%
4.B/Taiwan/98446/2017 (B/Vic) 53% 60% 48% 56%
5.B/Taiwan/88239/2017 (B/Yam) 32% 35% 26% 44%
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E R L R

()P B (R RS ERFIRARA S E T B LFF R

BOUR Bk 0 X IR Gt Bl o % e Table 4 f7on o gk

60 % 3 ¢ 4 41 2(68.3%) sk @ § NIMAT IR b A B P vy

o 65.8% ~ i i -k 80.4% - Uk 43.9% o @ X 3EE Pt G 43 =
(71.6%) & AT 8§ e » 2 ¥ viet 69.7% ~ 5 ff -k 83.7% - 3%

44.1% -

Tabled. $t3* 2 g &ML

LNHR(ZBEWESETAR | HEERAYEES]
HREHIMER - ARLREE

AREYEEBT

41/60=68.3% 1.11:27/41=65.8%
2. £47K:33/41=80.4%
3.55)52:18/41=43.9%

19/60=31.6%

25T A BRI RIS HEREARTIELBY

R > INHESBHHR AR

&

BB EAREYEL BT

43/60=71.6% 1.I%1:30/43=69.7%
2.7 £ 7K:36/43=83.7%
3.8)5:19/43=44.1%

17/60=28.3%

(C)RARFHPLLERAEE > HrdoTable5#rm - B¢ 1 &d <* RAE
i

% 3EE G 73.3% 0 b

p
% o
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Table 5. i3t % g4 chi & RAR

3/NR(ZAZFFE A | SHIEEH]

B i /2 EH R

FHACEE 12/60=20%
X EE 44/60=73.3%
OREE 5/60=8.3%
4R 9/60=15%

(C)H B EEF R o B > %% 4o Table6 #757 o £ 60 =% ¥ ¥ §
48 1= (B0%) 1% s 2 W T A 0 @ 2 48 4 ¢ % 47 2016~2017 i
Byt 85.4% -

Table 6. $uv3t#& a &g

A/NRR(ZBE)ARA | BFTR B eIELy - GRIEE

IR IEEB | Bl
= 48/60=80% 2014-2015:9/48=18.75%
2015-2016:16/48=33.3%
2016-2017:41/48=85.4%
iy 12/60=20%

.

IR AT R w BB B R el

(- )R EF A T B RATOE PR £ E A iR s 4
7}% ’ ;}’T—L’&ﬂi,{fﬁ = %,\Ef-%l\ 40 Ej/’j—ﬁ /ln\ ) ‘f%%—ﬁr' Tab|e7 }_«'Li—_/_’F ° 71;‘! v 4}3 ZE‘E:TJ/(

B b A e HINL 2 FluB/Vic g F s - & % 75.6%% 60.9% -
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(=

AR R RO B 0 $ HIN2 2 FluB/Yam bRl F e
3 B » 4> 31.5%~47.3% o

Table 7. A 455 ¢ £ 4A8F b

H(N=41) fiE(N=19)
1. A/Taiwan/88331/2017(H1N1) 31/41=75.6%  11/19=57.8%
2.A/Taiwan/98583/2017 (H3N2) 15/41=36.5%  7/19=36.8%
3.A/Taiwan/88379/2017 (H3N2) 15/41=36.5%  9/19=47.3%

4.B/Taiwan/98446/2017 (B/Vic) 25/41=60.9%  7/19=36.8%
5.B/Taiwan/88239/2017 (B/Yam) 13/41=31.7% 6/19=31.5%

VAT R E Y G AT IR A W A L AR A R P
3 H 40 e At % do Table 8 im0 4 60 XK Y o 48
AT B A Y 0 P i 48 Y HINL fhfRl F b 0§
36 = (75%) A r(f + »t %3 40 o & 44> H3N2 2 Flu B/Yam =i
HWF EHI > B F 25~81.2% % R F Rl sl A 0 B0 400 A7 AW
Frevi R B w5 & H3N2 2 FluB/Yam i 3 47 i 3 & s 4 o
gruleng s B9 4 12 AL G wH B p AT o RiE12 4% 4 84
WL ET Y §8mg y avpk @it 12 4 ¢ 4 9 4 (75%)% HIN2
FUEF e~ 0830 400 5 ¥ AR A XA R A 0 FREP

Baciy A oo

20



Table 8. & #7# v & HHAF Kl

SRS iter = 40 /NR (25 ) PARTA T iEAURR

g

4E(N=12)
(512 N1 > 58
B SF7HA
FURVE TER)

1. A/Taiwan/88331/2017(H1N1) 36/48=75% 7/12=58.3%
2.A/Taiwan/98583/2017 (H3N2) 12/48=25% 9/12=75%
3.A/Taiwan/88379/2017 (H3N2) 15/48=31.2%  9/12=75%

4.B/Taiwan/98446/2017 (B/Vic) 27/48=56.2% 5/12=41.6%
5.B/Taiwan/88239/2017 (B/Yam) 13/48=27% 6/12=50%
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- ~ B utRE AL k2 HA KL FIR 7 4

106 # & > F 247t % 2w 0 * 3 2017-2018 # 5 7 % ¢
(1) A/Michigan/45/2015 (H1N1)pdmQ9-like virus ;

(2) A/Hong Kong/4801/2014 (H3N2)-like virus ;

(3) B/Brishane/60/2008-like virus -

A d F R e E T A 4 Rk

1. A/Taiwan/88331/2017(H1N1)
2. A/Taiwan/98583/2017(H3N2)
3. A/Taiwan/88379/2017(H3N2)
4. B/Taiwan/98446/2017(B/Vic)
5. B/Taiwan/88239/2017(B/Yam)

LA IN R R TR HA R FIR S M T 0 4T W Fig. 2
(A)(B)(C)(D)
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(A)

94

HA/H1N1pdmO9 Taiwan

A WHO vaccines

’ tested antigen

94

92

99

A A/Michig

97

A/Taiwan/88300/2017
A/Taiwan/88365/2017

1l AT aiwan/78105/2017

A/Taiwan/88259/2017

A/Taiwan/78075/2017
A/Taiwan/77882/2017
A/Taiwan/93999/2017
A/Taiwan/93998/2017

A/Taiwan/88439/2017

A/Taiwan/87982/2017
A/Taiwan/88448/2017
AlTaiwan/85606/2016 (11.3 6B.1)

7_|0 | A/Taiwan/88088/2017
- 99 iWan/77843/2017

@ A/Taiwan/88331/2017
alwan
A/Taiwan/94655/2017
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Table 9. Seroprotection rate
(2015 # 8 # ~2016 # 2 % 2 % § & i)

Seroprotection rate 201548 H~201652H
Child group (N=70)
1.A/Taiwan/85102/2015(H1N1) 90%
2.A/Taiwan/85606/2016(H1N1) 52.3%
3.A/Taiwan/84913/2015(H3N2) 78.6%
4.B/Taiwan/85823/2016(B/Vic) 40%
5.B/Taiwan/85540/2016(B/Yam) 37%
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Table 10. Seroprotection rate
(K32 95~100 & &)
OS4ERE O64ERE OTEERE 984ERE 99 100EE
Local Strain (2005~2006) (2006~2007) (2008~2009) (2009)  (2010)  (2011)
Seroprotection _ Child  <2year  Child <2year  Child  Child Child
0 Child group
rate (%) (N=30) group group group group group group group
(N=60)  (N=24) (N=60)  (N=28)  (N=63) (N=60)  (N=70)
HIN1
Pre-vaccination 57% 25% 17% 15% 17% 21% 17% 71%
H3N2
Pre-vaccination 73% 55% 42% 92% 83% 84% 32% 79%
Pre-vaccination 22.7% 90% 79% 78% 76% 65% 32% 49%
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