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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 September 2018. Children were surveyed using questionnaire and
blood samples were collected. The HAI titers against 4 strains (H1N1, H3N2, B
/Victoria, B /Yamagata) were determined.

The results showed that children had low seroprotection rate of B/Yamagata
(18.3%) and B/Victoria (31.6%). It also showed the seroprotection rate of H3N2
IS 46.7%. It suggests that most children were more vulnerable to Flu B. In
addition, according to the vaccination records, we analyzed whether the
influenza vaccine could provide adequate protection. Although 83.3% of
children had been vaccinated previously, the antibody responses of B/Victoria
and B/Yamagata were still low, only 18~34% of the subjects have
seroprotection.

Taken together, we found that the seroprotection rate of Flu B (B/Vic and
B/Yam) and H3N2 were low in children. We suggest to keep close look on these
viral strains, especially B/Yam in the coming influenza season in Taiwan.
keywords : influenza virus, influenza vaccine, antibody response, seroprotection
rate, yearly epidemic
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i A pF (413} antigenic shift) » d % & - ;féﬂm/ﬁ% A4 0 X F Bk
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BRI BR2ZPE e hLl R EFREAE 1% HAl assay(= % &
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2o e FE I R R e A FIROE FR A RDERIF L ko
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>

R LI N R F E R E

LoV g Tapa 24 B R Ropd By h 2 inminEpd e
P i

2~ iRt Rl AL i g p A x> 5 32HA

w )R 4 A B2 1 A/Taiwan/80660/2018(H1N1)

2. A/Taiwan/79440/2018(H3N2)
3. B/Taiwan/98446/2017(B/Vic)
4. B/Taiwan/80527/2018(B/Yam)

3~ AU gt w fRA 2R FIRE i E PRy RAR > 1 HAD assay (o 3R R Fr

3556%)*@5@ IPE AR ;.;g- ﬁ}@l Fubl»z ,% .
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I+ HAI assay & 7 48Rl d A8 A3 R FHRFREF HAI
assayeHAl assay 44 &} fd m s Rand b g S ETE RSP R iTae
7 > ;2 (WHO Manual on Animal Influenza Diagnosis and Surveillance) (13)

Fim A Ao

- ~ & i RDE f% % (receptor destroy enzyme) # o 2 A 3
1. #1volume x jFie 8w 3 1.5ml g g @

#~ 3 volume RDE(100 units/ml) « 73 & - vortex

37°C i=* > overnight

56°C it * 30 4 48

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

N o 0o W N

-20C %73

= R R EFRS I
(A)zE# % 0.75%% & Qu B TER
At X ZRE IR NG PSRRI E A R o R
%i%&’%HﬂEZMﬁé%ﬁ’mﬁ$'¢®%é%ﬁ
1. X 2 & 285 mls 4 » 05ml endu@® %53 > LimRE » 7
RETF X - B
2. ks 7k B 2ml § Fp B o 4o » PBS 3 14ml 2 1500 RPM
RN TERIE 587 < % N A B )
AR o Lo~ PBS gEdEiR & 0 R E R3S 0



(s - = 11 2000 RPM #t.w 15 4 4
4 A o Beges (59 B RBC v 3¢ % 0.75%:0 RBC & i

(B)m+ HA titler ip 3

1. B~ U5 & ch96 344 » 355 = 513 % A~ 54 » 50 ul (hPBS 4%

2. %% — 74~ 100 pl sps 4 F F i > negative control {7 Y 12 100 pl
PBS B2~ X F

3. B % - Fe i 50 pl 4 x B2 ] UpRESE AR ER LB
50l 4e ~ % 2 50 et BRI S A7)

4. 4 wlte » 02 PBS R0 0.75% eh £ Bz 3% S0 pl fwell > 125 g

o\

At B3V 518 0 Z (ST ATV > BN R R 30 4480 2 (Sekr

AN T

Rl

R R AR EEE A2 = 256k 5 endpointe blke 1:256 % end point
TRk 5 256HA/50ul »

5. {7 B B Pri|Es&kw o R L1 PBS 3% ﬁ‘%#ﬁﬁ' Fie 3 & 50l
ﬁ“%’?iu’i} " 23 8HAunit shyLR o (1 HAuunit ¥ 5 107 i[%ff}a‘si )

(C)m # st & e85 (HAI assay)

LU R06 344 » 205 = 512 % A 74 » 25ul e PBS 73 7%

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

3. B — e 25 pl Ao r B2 A MGRESE LR ER > BB
25l Ae » B 2 5] et BRI B N 7

4. & u)4e o~ 25l ¢ AR D 8 HA unit/50 pl ek » 12 & g ok &
Bt EWFERTF BRI A&

5 4¢ ~ 11 PBS ﬁ-ﬁmO?S/ R 2 R e Ik 50 pl/well I 3t 3 8 T
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§ 3044 2 EiEki E
6.

o IR Prd) iR b aERE R BRI ﬁgcﬁmg % end point titer

(D) Quiality control
1. & =it {7 HI PAPFF ¥ F - FLk & duplicate’ e BF & serum control (=
treated serum (1:10~640) 25 pl +25 ul PBS + 50 ul 0.75% GP RBC) -
Z serumecontrol o R EF BV RBEESE o
2. & % HI P PR pm4 ok 2 back titration » mpg i #rig * 2
4 W &4 o — & back titration FF ¢ i 4HA, 2HA, 1HA, 0.5HA/25ul »
¥R AHA, 2HA = 258 0 IHA = > 8872 2§ - 0.5HA
SR o 0% FLR back titration %% % MpE > HI titer €7 %

BB o F o2 B Hltiter € F % & %Mo

,

WU SRR Y ARERET AT WS e 1 iRt B
i T ¥ f »c . Geometric mean titer (GMT) 2 » F i 3£ &
seroprotection rate » x - FEF TERP F4oT 0 HAI R s + 3+ 40
=g A I (the percentage of vaccine recipients with a serum HAI titer at

least 1:40 after vaccination) (13) -

e i> iR

FFE%P\ ?‘fi‘—"—r%\
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Fek BT OT 22p > £{cH 60 LM o B kAL iR ER G -

60 =% § 2 & v FpcdeT & Tablel T3oE#r 49 B 7 o A Gt F
T FFigl  H &% 4024 %7 ~36 B » & 17%; &% 4 37 7 ~48
B o b 36%;: £k 3049 B 7 ~60 B o f 20% k43 6L ~72

B b 27% -

Table 1. 3% ¢4 v 4 (o B # 2018 £ 83 -9 1)

Demographic characteristics of the subjects (2018 # 8 # ~9 %)

group (n=60)

Mean 49.68
Age(month)

Range 24~72

Male 30
Gender

Female 30

13



Fig.1 & # 4 # 1 5 J](The ratio of age distribution)
(e p ¥ 2018 &£ 8 7 ~9 3 )

FiR IR

W 24-36
m37-48
m49-60
m61-72

B BE AL R A R RRIRS

2L EQIUHTaL 2 g PLU  pAERY AR
ARITE oA FRAPEL S A8 AREE B R AL HA Ko
EHAEFRERI R ELRTARS I GEBF Boch > 3 32HA
AR
1. A/Taiwan/80660/2018(H1N1)
2. A/Taiwan/79440/2018(H3N2)

3. B/Taiwan/98446/2017(B/Vic)
4. B/Taiwan/80527/2018(B/Yam)

Mg d o & Ry AR 0 817 HAlassay @ #R[a i ¥ chdadg o
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2300 U R RS R
(- )i€2018 # 8 *» ~9 * A » £ fk 60 =% § 2 & i > & HAl assay
Rl F ¢ Al > A ie T 351 (Geometric mean titers, GMT) s % 4
Table 2 #77r - 3 35 th B 4]0 g * 98446/2017(B/Vic) -
80527/2018(B/Yam) - & H e GMT & = 5 20.7 §3 18 > & 7 = 3 M} ¥
AR BURE KO o A R 18 503 A 7 e % e Table 2-1 #5w o

7 4 GMT iEf® 4 M- 8> £ 3 BA|(B/Yam)F sttt L B o

Table 2. Geometric mean HAI antibody titers

(2018 & 8 ¥ ~9 ¥ L-“iﬂ"—‘}ﬁ‘)

Geometric mean titer 201848 H~9H
Child group (n=60)
1. A/Taiwan/80660/2018(H1N1) 61.3
2.A/Taiwan/79440/2018 (H3N2) 30.3
3.B/Taiwan/98446/2017 (B/Vic) 20.7

4.B/Taiwan/80527/2018 (B/Yam) 18

15



Table 2-1. Geometric mean HAI antibody titers--By Gender

(2018 # 8 # ~9 ¥ 2 # § 5 F-A {u])

Geometric mean titer
Child group

201848 H~9 5

n=60 M(n=30) F(n=30) t-test

1. A/Taiwan/80660/2018(H1N1)

2.A/Taiwan/79440/2018 (H3N2)

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

4.B/Taiwan/80527/2018(B/Yam)

61.3 60.6 62 P=0.344

30.3 23.5 39.1 P=0.4

20.7 19.1 22.4 P=0.153

18

15.2 21.4 P=0.012

Table 2-2. Geometric mean HAI antibody titers--By Age

(2018 4 8 3 ~9 3 2 % § & F-A &)

Geometric mean titer
Child group

24~72
month

(n=60)

201848 H~9H

24~36 37~48 49~60 61~72
month month month month

(n=10) (n=22) (n=12) (n=16)

1. A/Taiwan/80660/2018(H1N1)

2.A/Taiwan/79440/2018 (H3N2)

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

4.B/Taiwan/80527/2018(B/Yam)

61.3

30.3

20.7

18

26.4 56.6 80 95.1

14.1 30.1 25.2 56.6

16.2 18.2 17.8 32.2

16.2 16.6 15.9 23.8
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(=)o i U3 & (Seroprotection rate) - & 3+E HAI fsli»cif < »t %3¢ 40
R A K 0 B % 4o Table 3 #r% % 524+t Flu B : 80527/2018 (B/Yam)
S GRS K > B18.3% 0 & o1 % § ¥ B/Yamagata - H &8 k8 i
oA B RES o A ¥ HINL & F REFRF > F 66.7% 0 &7
Bif- A% 3 RPN 5 HINL B 5 R34 o A pm] 1 33 A 47 e & 4
Table 3-1 #77n » § 2 ch i S g™ 2 - g £ 3 B 3|(B/Yam) 7

B g B oo

Table 3. Seroprotection rate (2018 # 8 ¥ ~9 ¥ 2 % § » '}%)

Seroprotection rate 201848 H~9H
Child group (n=60)
1. A/Taiwan/80660/2018(H1N1) 66.7%
2.A/Taiwan/79440/2018(H3N2) 46.7%
3.B/Taiwan/98446/2017 (B/Vic) 31.6%
4.B/Taiwan/80527/2018 (B/Yam) 18.3%

17



Table 3-1. Seroprotection rate--By Gender
(2018 # 8 % ~Q ¥ 2 % F & F-4 49])

20188 H~9H

Seroprotection rate

Child grou
Jroup n=60 M(n=30) F(n=30) _ .
Chi-square

1. A/Taiwan/80660/2018(H1N1) 66.7% 63.3% 73.3% P=0.579

2.A/Taiwan/79440/2018 (H3N2) 46.7% 33.3% 60% P=0.07

3.B/Taiwan/98446/2017 (B/Vic) 31.6% 26.7% 36.7% P=0.579

4.B/Taiwan/80527/2018(B/Yam) 18.3% 6.7% 30% P=0.045

Table 3-2. Seroprotection rate--By Age
(2018 # 8 3 ~9 % 2 % § & F-A E#E)

201848 H~9

24~72 24~36 37~48 49-60 61~72
month month month month month

(n=60) (n=10) (n=22) (n=12) (n=16)

Seroprotection rate
Child group

1. A/Taiwan/80660/2018(HIN1) 66.7%  40%  63.6%  75%  81.3%

2.A/Taiwan/79440/2018 (H3N2)  46.7%  20%  455%  41.7%  68.9%

3.B/Taiwan/98446/2017 (B/Vic) 31.6% 20% 36.4% 8.3% 50%

4.B/Taiwan/80527/2018(B/Yam) 183%  20%  13.6%  83%  31.3%

18



oo Ry LR E S st
(-)a s i (® é_-w) de é—‘*‘ L > 3 E A X L3 NI R
Bk o B P BN E R Bt bldc@ o B % 4o Table 4 2 Table 5
G e G 60 g EE Y § 47 (T83%)NMAT L f i o 4
A T et By 612(12.8%) A X R H L a4 50 (83.3%)
B g 0 Y R E R A d) T e (14%) -

Tabled. £3%2 AL (fekp#H 2018% 871 -9 7)

LNRREFLAREE | BEHE 5
UAZESE2H)  BE | HESAR

FEUREHER THEE

= 47/60=78.3% = 175 S5 (B8R KA 38°C)AYIER -
6/47=12.8%  6/6=100%

2E WA TR AVER : 0%
3 R ERPA I 4/6=66.7%

AR FFRETUREEEY) > flaE
i EL: 6/6=100%

&
41/47=87.2%

& 13/60=21.7%

Table5. iFEM A2 A ke (fek P 2018# 8% ~917)

LEFELXREFENAZSE2 | BHE  # | HEHE  SEOAHEE
A) INARSBIEARSH | MEERR
FEVSEHIER TS

= 50/60=83.3% = 1 32 (B8R KA 38 C )RR
7/50=14%  7/7=100%

2E WA FRHIIER : 2/7=28.6%

3 RN RS < 5/7=71.4%
AR HRR DU R - fia
TR 7/7=100%

&
43/50=86%

= 10/60=16.7%
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(C)BEXEF R TR > B F 4o Table6 “im o W& 60 Xk

Y

¥

50 1(83.3%) % 3 2 % B AT 0 B ¥ § 42 4 4T 2017 iR A
5 (84%) -

Table6. %@ H2 A v &ML (JcRpH 2018287 -~91%)

3UNIA(SZaAFEEL | HEFT AR EE ARy - o5
RIATTERERES | BIEEA]

HYEEBI
50/60=83.3%

BT 2013: 4/50= 8%

2014: 9/50= 18%

2015: 14/50= 28%

2016: 33/50= 66%

2017: 42/50= 84% (H:

$T3(8:31/42=73.8% ;
4(8: 11/42=26.2%)

AT 10/60=16.7%
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B i
B EHE AL b HA A FA A
107 & B 2 %541 * 254 > i * *> 2018-2019 & 7 %
(1) A/Michigan/45/2015 (HIN1)pdmO09-like virus

(2) A/Singapore/INFIMH-16-0019/2016 (H3N2)-like virus ;
(3) B/Colorado/60/2017-like virus (B/Victoria/2/87 lineage)

A2t F F R I LT A Ak

1. A/Taiwan/80660/2018(H1N1)
2. AlTaiwan/79440/2018(H3N2)
3. B/Taiwan/98446/2017(B/Vic)
4. B/Taiwan/80527/2018(B/Yam)

&AL ﬁ’}}%i B F g e HA A F B 70 % > 407 B Fig. 2
(AB)(C)(D)

21



(A)
HA/H1IN1pdmO09 Taiwan

A WHO vaccines
’ tested antigen

A/Taiwan/79501/2018
— A/Taiwan/95749/2018
— A/Taiwan/80855/2018
_| Al/Taiwan/80869/2018
g5 | A/Taiwan/80875/2018
— A/Taiwan/80786/2018
A/Taiwan/80815/2018
g9 | — A/Taiwan/80850/2018
| -E AlTaiwan/79398/2018

A

A/Taiwan/79534/2018
[Taiwan/80681/2018

AlTaiwan 15/201
—|_— l% A/Taiwan/80660/2018
%L ATaiwan/80804/2018 6B.1
A/Taiwan/80677/2018 '
A/Taiwan/80825/2018
AlTaiwan/89772/2017
A/Taiwan/80778/2018
97 — A/Taiwan/89815/2018
- A/Taiwan/80840/2018
99 A/Taiwan/80655/2018
A/Taiwan/80761/2018
o8 ! A/Taiwan/80860/2018
97 A/Taiwan/92019/2017
74] A/Taiwan/89682/2017
% L A/Taiwan/95016/2017
— A/Taiwan/85606/2016 (11.3 6B.1)
L A A/Michigan/45/2015 *2018-2019 ¥ ik
AlTaiwan/85102/2015 (11.4 6B.2)
—— AlTaiwan/82278/2014 (11.2)

98

97

A/Taiwan/80813/2013 (11.1)
Bl'_l_— AlTaiwan/80962/2013 (11.1)
77 AlTaiwan/80699/2013 (11.1)
AlTaiwan/1749/2011(11)
4 100y A/Taiwan/80462/2013(12.1)
ﬁl L A/Taiwan/80417/2013(12.1)
” 9 AlTaiwan/80272/2013 (12.2)
A/Taiwan/5506/2011(12)
99 — A/Taiwan/2649/2011(10)
70 —I:A/Taiwan/1102/2011(10)
— A/Taiwan/1170/2009

AlTaiwan/5270/2010 (8)
AlTaiwan/6078/2009 (8.1)

” 99 A/Taiwan/0559/2011 (9)
AlTaiwan/1018/2011 (9)
79 A A/California/07/2009

0.005
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(B)

HA/H3N2 Taiwan

A WHOvaccines

0 tested antigen

AlTaiwan/80624/2018
AlTaiwan/80599/2018
AlTaiwan/80577/2018
AlTaiwan/80240/2018 (3C.2a.1)F
AlTaiwan/89995/2018 (3C.2a.1)
AlTaiwan/80818/2018

951 A/Taiwan/79369/2018

95

AlTaiwan/88211/2017 (3C.2a.1)
AlTaiwan/80849/2018

72

82

AlTaiwan/77938/2017 (3C.2a.1)
AlTaiwan/87302/2016 (3C.2a.1)F
AlTaiwan/77628/2016 (3C.2a.1)

94

89 82

A

88
99
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Seroprotection rate(fi By Pi e HAI
titer = 40)
H(n=47) fiE(n=13)
(47 \HH6 A Bt
TTHRVE)

1. A/Taiwan/80660/2018(HIN1) | 45/47=95.7% Jfe=se ek

2.A/Taiwan/79440/2018 (H3N2) | 35/47=74.5% Sflls=tzs

3.B/Taiwan/98446/2017 (B/Vic) | 15/47=31.9% 4/13=30.8%

4.B/Taiwan/80527/2018 (B/Yam) | 8/47=17% 3/13=23.1%
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HINL (68%) # Flu B (BIVic) (34%) # * et v ¥ -
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Table 8. A 17 & ¥ #fh M F Kenbl &
(e p #:2018 &# 8 3 ~9 §)

/NI () AR S T R SR e » B4

o FERI A %
& (n=50) $i(n=10)
GMT | Seroprotection  GMT | Seroprotection
rate rate
1. A/Taiwan/80660/2018(H1N1) =~ 023 | 34/50%68% 1 566 | 6/10=60%
2.A/Taiwan/79440/2018 (H3N2) =~ 30-7 | 23/50=46% 28.3 | 5/10=50%
3.B/Taiwan/98446/2017 (B/Vic) = 223 |17/50=34% 14.1 | 2/10=20%
4.B/Taiwan/80527/2018 (B/Yam) | 184 | 9/50=18% 16.2 | 2/10=20%
XL m sy R E LR
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Table 8-1. ~#1 & a4 (= 2017 #ing &£ v)
B F Rl %
(% p #:2018 & 8 ¥ ~9 ¥ )

INR (ZEE)VH BT 201 74E fURRe i B2

DLRE S FEAV R (%
H(n=42) 4 (n=18)
GMT | Seroprotection | GMT | Seroprotection

rate rate
1. A/Taiwan/80660/2018(HINT) | 749 |31/42=73:8% | 385 |9/18=50%
2 A/Taiwan/79440/2018 (H3N2) | 323 |19/42=452% | 262 |9/18=50%
3.B/Taiwan/98446/2017 (B/Vic) | 23.6 |15/42=35.7% 153 | 4/18=22.2%
4.B/Taiwan/80527/2018 (B/Yam) 19.7 |9/42=21.4% 14.7 | 2/18=11.1%

¥EEBP LT AT LS
RS ET R TR B

2 EE TR 60 % d ko S E IR E R AR
3% 5 L4 HIN2 2 B/Yam ehui i R 5 4 0 40T 4 Table 9 F)pt 22 3k
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Table 9. Seroprotection rate
(Jek p #p:2017 # 8 # ~10 3 2 % § % )

Seroprotection rate 20174£8H~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) 53%
5.B/Taiwan/88239/2017 (B/Yam) 32%
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Table 10. Seroprotection rate
(2015 # 8 7 ~2016 # 2 % 2 % § = i)

Seroprotection rate 201548 H~20164E2H
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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