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Abstract

According to Taiwan CDC, there were more severe influenza cases than before in
2015-2016 influenza season in Taiwan. Since the beginning of this influenza season on
July 1, 2015, as of April 20, 2016, a total of 1,960 severe influenza cases, including
352 deaths, have been confirmed. The overall epidemic situation is more serious than
past 3 years. In order to strengthen the control of influenza in Taiwan, we need to
gather evidence to understand what are the reasons behind this unexpected large-scale
influenza epidemic and could we predict this in the future? The aim of this project is to
investigate the influenza seroepidemiology of children 6 months to 12 years age in
Taiwan. We could also understand the antibody titers following vaccination based on
the vaccination history.

We have included 89 serums from children aged between 6 months and 12 years of
age in this study. They were collected between August, 2015 and April, 2016 (70
serums were collected between August, 2015 and February, 2016). The HAI titers
against 4 strains (HIN1, H3N2, B/Vitoria, B/Yamagata) were determined. The results
showed that against Flu B, the geometric mean titer (GMT) was about 20 and the
seroprotection rate was about 40%. It means there was lacking of protection to Flu B.
It might be the reasons why there were more severe cases in 2015 flu season. And also
the GMT and the seroprotection rate for 85606/2016(H1N1) were low. Combining
these results, large-scale influenza epidemic caused by influenza A (H1N1) and
influenza B virus in 2015 could be explained. The results further support that we may
predict the scale of influenza epidemic through detecting the antibodies of children in
the future. On the other hand, there were 19 children who had been vaccinated before
collecting blood. All of them had low antibody titers against influenza B virus. The
antibodies responses against influenza B virus vaccine was sub-optimal. We suggest
that yearly surveillance of child serology status before influenza season may guide the

prevention measures.

keywords : Flu vaccine, Flu antibody, seroprotection rate
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Local Strain OGAEE 964EE OTHEE O84ERE  994EFE  1004ERE
Seroprotection  (2005~2006) (2006~2007) (2008~2009) (2009)  (2010)  (2011)
rate (%) Child group  Child  <2year  Child  <2year  Child  Child Child

(N=30) group group group group group group group
(N=60) (N=24) (N=60) (N=28) (N=63) (N=60)  (N=70)

H1N1
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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F1#* HAl assay i& F4BR3F - 0 A A A2 TR FR 217 HAl assay ©
HAI assay %4 & R 2 e dimchi b g L8 E R £ P {77202
(WHO Manual on Animal Influenza Diagnosis and Surveillance) (13)

EimHh FhAeT

- ~ & i~ RDE fi% % (receptor destroy enzyme) @ 2 A
1. #-1volume x /e %= 3 1.5ml g« ¢ #

#~ 4 volume RDE(100 units/ml) 7 & 72 & - vortex

37°Cit* » OIN

4v » 3 volume [Jsodium citrate(2.5%) » vortex

56°C it* 30 » 48

4v » 2volume 7 PBS (Final serum dilution % 1:10)

N o ok~ w D

-20C %77



EN S TS TN

(A)zE# W H% :0.75% % # Bl sk R xR
AEAIY X HEE TR 05 PEAE A B SRR A R R A kR
B ATRLRE A UK A B kS - ] FIBEE A
L P2 Rz 5mls ser 0.5ml chpu@ ) ik » AR E » T G5
-4
2. ks zk ¢ B 2ml Z FpE AL % 0 40 ~ PBS I 14ml vz 1500 RPM 3w 5
LAB(E B a0 F R ORIGR)

EH R fher PBSodEdEiR & R e £ R 350 Ao X
2 2000 RPM gt 15 4 48

4 FR o B i8¢ B RBC o j & 0.75%¢:0 RBC & i

(B)7 & HA titler il 3%

1. U35 & 096 34 45 » 25 % = )3 % A 5]4e » 50 ul 7 PBS 73 5%

2. 3% % = F4e ~ 100 pl s = FUk Rk 0 negative control {7 B0 100 pl PBS
B~ R

3. % - Fling 50 ul der % = 5 MGRESRCR LR ETS 0 £ P 50 pl
fer F 2] dept BRI R A

4. & wl4e 02 PBS frf§en 0.75) 0% £ Rz 2k 50 pl /well - 72 =+ d ik &
FUARRS 0 2 (SRR ATV > BV F R R 30 4480 2 (SRS o

P~5 B ﬁrﬁ B#cg A2 = 23t f 5 endpoint o &4 1:256 % end point >
% 256HA/50ul °

5. &7 FREFrdliEsk s 0 LA PBS R fFRiR Rk 1 50 ul -1
#? 73 8HAuUNit ihFR o (1 HAunit & 5 107 TB:,}%-% )

(C)xt 7k B Hr 3% 3% (HAI assay)



i

1. 3~ U R 96344 » 305 = 713 8 ~ 740 » 25 ul 5 PBS 73 i

2. 3% — 74 » 50 ul RDE treated serum

3. B - bRl 25 pl de 2 B )0 MBS E AR E S £ 525 pl
AP = b}fg,;uﬁ—f$_Lq;\;|

4. 2 w4~ 2501 = - 2 8 HA unit/50 pl shif 2 ok > 2+ deficds & 96 3¢
dEs 0 BN TR TR 30 A4

RETH#EE 30

w

5. 4¢ » 17 PBS ﬁrﬁ e 0.75% e 2 Bl w 3k 50 ul/well » I 3%
kg 2 (s iekrE S
IR HE L R REF BRI ﬁ % end point titer

(D) Quiality control
1. & =i {7 HI PAFF ¥ F - FR & duplicate - F BF 2 serum control (<
treated serum (1:10~640) 25 pl +25 ul PBS + 50 ul 0.75% GP RBC)
Z serumecontrol o R EF BV HEPESE o
2. = HI PRI PFH T :)}%i $m 2 back titration » roFE T * 2 44§
% 33 - — 4 back titration B¥ € & 4HA, 2HA, THA, 0.5HA/25ul > & ¥ ¥ 3%
4HA, 2HA = 2 B> 1IHA = 2 29 4537 = 2 - 05HA 30 o4r % 1
J back titration & % i M pF > Hl titer ¢ . R "2 @B > & 2 B Hltiter ¢+

O A o

BETASHE ST RR TR R

UT:%ﬁﬁﬁﬁﬁ?ﬁlr%#&F?é%Wﬁ% Lmﬁﬁ. $ i L 3a
g2 GMT, Geometric mean titer % x 75 3% 5 seroprotection rate» x 7 i
EF AN F Ao 0 HAIFpE»c iy ~ > 40 e 4 5 (the percentage of vaccine

recipients with a serum HA\I titer at least 1:40 after vaccination) (13) -

10
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89 % F 2 A v PFicic™ & Tablel» L3520 428 @ " » 2 A3 1L B2

~131 B o E# L B FAoTBFiQgl HEX A6 ~12B 5 F 18% 0 &

A I3 BT ~36 2 o F 29% > M 37T B ~T2 2R F 37%0 <372 0 ?
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Tablel. % ;e.‘é—'g A v

Demographic characteristics of the subjects (2015 & 8 ¥ ~2016 & 4 7))

group (N=89)

Mean 42.8
Age(month)

Range 11~131

Male 51
Gender

Female 38

Fig.1 & # 4 % * & ] (The ratio of age distribution)

m6~12
m13~36
m37~72
m>72
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SN R A RS TR RESE T

EHAEFRERIR 2 FHTHE 5 RALIRE RS REFR A TR L
o % %42 16HA~128HA :

1. A/Taiwan/85102/2015(H1N1)

2. AlTaiwan/85606/2016(H1N1)

3. A/Taiwan/84913/2015(H3N2)

4. B/Taiwan/85823/2016(B/Vic)

5. B/Taiwan/85540/2016(B/Yam)

B A2 R RS O S A FI A S S 780 1180 & 2015 £ ~2016 £ WHO
Fou Rz B AARIT e PUE Ik o B s :/Iiai Ry gk 0 i 7 HAl assay @ 18

Pl 7J TP ekl o
LR oY o8 - R e

(- )f<$ 2015 # 8 » ~2016 # 4 » B & 89 =% § 2 & F 1% > 546 HAl assay & /P
o il o g 5 B B e T 35 1E (Geometric mean titers, GMT)4-™ Table2 -
Z# I H ¢ 85102/2015(HIN1) 4= 85606/2016(HIN1):n GMT & » Jﬁfj}u’ﬁ P &
177 f > 85606/2016(HIN1): GMT £ ® 3 33.2 5 £ 77 % & B #0444
85606/2016(HINL) A8 »x i i€ o ¥ b ¥ A R B J|in R -
85823/2016(B/Vic) {- 85540/2016(B/Yam)> &  ch GMT & { > 7§ 22.1 1 17
57 231 P H B AR afut i 2Ly i o

1 SAS St F 445 0 R PE'#\},%-» £ £ > sample size 89 FF » 17 3| ¢

power>0.80 » ¥ 2 4 & K Jgeio

13



Table2. Geometric mean HAI antibody titers

(2015 & 8 7 ~2016 & 4 3 2 % % & )

Geometric mean titer Child group (N=89)
1.A/Taiwan/85102/2015(H1N1) 72.3
2.A/Taiwan/85606/2016(H1N1) 33.2
3.A/Taiwan/84913/2015(H3N2) 66.9
4.B/Taiwan/85823/2016(B/Vic) 22.1
5.B/Taiwan/85540/2016(B/Yam) 17

(= ) i %3k & (Seroprotection rate) - # 77 HAI $i8»c i < 3 40 e A 5 > 3

% 407 Table3 - 2 % &7 > 33 2 Flu B : 85823/2016(B/Vic) r

-+
=

85540/2016(B/Yam) st i -2 5 % Uy 1 0 & W] E_40.4%% 37% > &7 89 2%

$ T B AR RWA MBS 3R BES T R

85606/2016(HINL) e i # %3 % + £ 56% - A M th X o @

85102/2015(HIN1) 2 4913/2015(H3N2)iz ™ tk » i i 3k Z ek » 5 80~87% »

Fo7 B~ s 2R % 85102/2015(HINL) % 4913/2015(H3N2)$ i

4 o

14



Table3. Seroprotection rate
(2015 & 8 * ~2016 # 4 # 2. % § & 7F)

Seroprotection rate Child group (N=89)
1.A/Taiwan/85102/2015(H1N1) 87.6%
2.A/Taiwan/85606/2016(H1N1) 56%
3.A/Taiwan/84913/2015(H3N2) 79.7%
4.B/Taiwan/85823/2016(B/Vic) 40.4%
5.B/Taiwan/85540/2016(B/Yam) 37%

() 70 L #5104 # 8% 3 105 # 2 % BF 3w e-GMT 12 (Geometric mean

titers)fr k. 73 i3k 3¢ (Seroprotection rate) s % 4= Table4 ~ Table5 - #4285

ppuul

%k o st 4o 89 & i k4700 0 %44 44 Flu B : 85823/2016(B/Vic) 4r
85540/2016(B/Yam) . i F-3E & % i 1 0 A B F F 40%7e 37% o $3

85606/2016(HINL) s 5 i3k 5 » ¥ 5 52.3% » A Hc ik i o
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Table4. Geometric mean HAI antibody titers
(2015 & 8 * ~2016 # 2 # 2. % § & 7F)

Geometric mean titer Child group (N=70)
1.A/Taiwan/85102/2015(H1N1) 68.3
2.A/Taiwan/85606/2016(H1N1) 31.5
3.A/Taiwan/84913/2015(H3N2) 61.2
4.B/Taiwan/85823/2016(B/Vic) 20.8
5.B/Taiwan/85540/2016(B/Yam) 16.6

Table5. Seroprotection rate
(2015 # 8 7 ~2016 # 2 % 2 % § = i)

Seroprotection rate 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%

()R a PR RE Ao izt X 3B LA 104#87 3 104 & 12 " B

i ¢ho GMT & (Geometric mean titers)frsi iF i3 5 (Seroprotection rate) .
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% 4o Table6 ~ Table7 « 5# X35 » Ap 4>t 89 £ = 70 £ HGMT i % » §
T AR FUMR R R 0 Ao B R R AT 0 #2058 3 Flu B :
85823/2016(B/Vic) fr 85540/2016(B/Yam) c s i 3 & % i K o # 3
85606/2016(HIN1) s iF 3 & » F F 51.5% » f fif i< o

Table6. Geometric mean HAI antibody titers
(2015 & 8 * ~2015 # 12 % 2 % § & i)

Geometric mean titer Child group (N=33)
1.A/Taiwan/85102/2015(H1N1) 62.2
2.A/Taiwan/85606/2016(H1N1) 29.8
3.A/Taiwan/84913/2015(H3N2) 50.4
4.B/Taiwan/85823/2016(B/Vic) 20.9
5.B/Taiwan/85540/2016(B/Yam) 17.6

Table7. Seroprotection rate
(2015 # 8 # ~2015 # 12 % 2 % § & i)

Seroprotection rate Child group (N=33)
1.A/Taiwan/85102/2015(H1N1) 87.9%
2.A/Taiwan/85606/2016(H1N1) 51.5%
3.A/Taiwan/84913/2015(H3N2) 72.7%
4.B/Taiwan/85823/2016(B/Vic) 36.4%

5.B/Taiwan/85540/2016(B/Yam) 42.4%

17



(I)FHEE A~

A2 B)TERS R >89 AP s 2 g T (Age<T2

month)+ 3 75 % » =~ g2+ (Age>72 month)= 7 14 4 > GMT i&(Geometric

mean titers)fr o j# i%:£ & (Seroprotection rate) =% % 4™ Table8 -~ Table9 -
F

442 4L 4B 4 -
ek #x =

TEREEE T

\

itz y o 2 GMT e i ik 5 enilicie ¥

Table8. Geometric mean HAI antibody titers

CET T

FRUT AR

Pod o b

20154E8H 201548 H
Geometric mean titer "20164£41 "20164247 | 2015685
) Age<72 Age>72 ~2016F4H
Child group month month (N=89)
(N=75) (N=14)
1.A/Taiwan/85102/2015(H1N1) 67.1 107.7 72.3
2.A/Taiwan/85606/2016(H1N1) 30 56.6 33.2
3.A/Taiwan/84913/2015(H3N2) 60.6 113.1 66.9
4.B/Taiwan/85823/2016(B/Vic) 19.8 40 22.1
5.B/Taiwan/85540/2016(B/Yam) 15.4 28.3 17
Table9. Seroprotection rate
(REBRFTLrEZARuTAESRUDY)
20154£8H 20154E8F
. ~20164E4H ~2016£E4H 2015485
Seropr_otectlon rate Age<72 Age>T72 ~20164E4
Child group month month (N=89)
(N=75) (N=14)
1.A/Taiwan/85102/2015(H1N1) 86.7% 92.9% 87.6%
2.A/Taiwan/85606/2016(H1N1) 52% 56.6% 56%
3.A/Taiwan/84913/2015(H3N2) 77.3% 92.9% 79.7%
4.B/Taiwan/85823/2016(B/Vic) 37.3% 78.6% 40.4%
5.B/Taiwan/85540/2016(B/Yam) 33.3% 57.1% 37%

18



()% F 19 A48 > fdd i o F 354 104 £ 5 W ek > B34 491 GMT &
frd i 3 F ehid % 4o Tablel0 ~ Tablell - % % %+ - $1*0 4 $k Flu B :
85823/2016(B/Vic) {r 85540/2016(B/Yam)h GMT i frst if i3 5 3 ifh 15> ¢
BF @ gAY 0 mEEEF REIE o § b #3 85606/2016(HIN1)
G i W K 58% o A Ao S o & &%t 85102/2015(HINI) %
4913/2015(H3N2)iz " th > i F FFEF BB > § 89~95% > £ 7 B id 4 & %
5288 N %+ 85102/2015(HINL) % 4913/2015(H3N2)+ ik 4 o AR k3 » B %

$FIUB b A 2 > %R w98 B AR Y s

Tablel0. Geometric mean HAI antibody titers
ey 104 20EET)

Geometric mean titer Child group (N=19)
1.A/Taiwan/85102/2015(H1N1) 71.7
2.A/Taiwan/85606/2016(H1N1) 28.8
3.A/Taiwan/84913/2015(H3N2) 92.6
4.B/Taiwan/85823/2016(B/Vic) 24
5.B/Taiwan/85540/2016(B/Yam) 18.6

19



Tablell. Seroprotection rate
ey 104 E0EET)

Seroprotection rate

Child group (N=19)

1.A/Taiwan/85102/2015(H1N1)
2.A/Taiwan/85606/2016(H1N1)
3.A/Taiwan/84913/2015(H3N2)
4.B/Taiwan/85823/2016(B/Vic)

5.B/Taiwan/85540/2016(B/Yam)

95%

58%

89%

42%

42%

20



£ - it
- S HEHMR T 2 FPAER A VR TR AR & & M I
BRI FMLEFR 2 GMT & (Geometric mean titers) e i if-3& &

(Seroprotection rate)s7 £ £ > 4™ Tablel2 ~ Tablel3 o = &7 3w PFFRE » 53t 4 47

—

soFMAOSFRAET N g LR o FRFARAT > GMT Efom i R F A% o
d S5 @@ BAME SAGMT £ 8§ 20 =+ ~d FREF R 5 40% =+

207 4 B AR i R4 0 % 4o b 85606/2016(HINL) e GMT & fesi i %38 5

SR HBAEF BABOIR) AP T A 2016 £ 40 AR A ek IR 4
SR A HINL 2 BAIRRE « SF& it > A E4 3 0 FHtlraf fikd 7
Rle g FRNFLmdo FREG A QMR duk jf RS M 50% > 7RI %

SR M R E R LR
Tablel2. Geometric mean HAI antibody titers
(P e o )

Geometric mean titer 20154281 2015481 20154281
Child group ~zo15;’E|512 =i ~zo1(i£|52 =i ~zo1<i£|54J5,l
(N=33) (N=70) (N=89)
1.A/Taiwan/85102/2015(H1N1) 62.2 68.3 723
2.A/Taiwan/85606/2016(H1N1) 29.8 315 33.2
3.A/Taiwan/84913/2015(H3N2) 50.4 61.2 66.9
4.B/Taiwan/85823/2016(B/Vic) 20.9 20.8 22.1
5.B/Taiwan/85540/2016(B/Yam) 17.6 16.6 17
P value <0.001 <0.001 <0.001

% P value was measured by Kruskal-Wallis Test.
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Tablel3. Seroprotection rate
(F“ A )

Seroprotection rate ~§gigii?}a szzllfféﬁﬁ szzllsﬁgé
Child group (N=33) (N=70) (N=89)
1.A/Taiwan/85102/2015(H1N1) 87.9% 90% 87.6%
2.A/Taiwan/85606/2016(H1N1) 51.5% 52.3% 56%
3.A/Taiwan/84913/2015(H3N2) 72.7% 78.6% 79.7%
4.B/Taiwan/85823/2016(B/Vic) 36.4% 40% 40.4%
5.B/Taiwan/85540/2016(B/Yam)  42.4% 37% 37%

SRR A YL AR T i

104 # 547 ain g & W A B At
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Tablel4. Geometric mean HAI antibody titers

(+* #& 2015-H1IN1 ¢ 2016-HIN1 ¢.n GMT &

Geometric mean titer Child group (N=89)
1.A/Taiwan/85102/2015(H1N1) 72.3
2.A/Taiwan/85606/2016(H1N1) 33.2

P value <0.001

% P value was measured by Wilcoxon Signed Rank Test.
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Tablel3. Seroprotection rate

. 20154E8H | 20154E8H | 20154E8H

Seropr_otectlon rate ~20154£12 5 | ~20164E2 | ~20164E4 5
Child group (N=33) (N=70) (N=89)
1.A/Taiwan/85102/2015(H1N1) 87.9% 90% 87.6%

[ 2.A/Taiwan/85606/2016(H1N1) 51.5% 52.3% 56% ]
3.A/Taiwan/84913/2015(H3N2) 72.7% 78.6% 79.7%
4.B/Taiwan/85823/2016(B/Vic) 36.4% 40% 40.4%
5.B/Taiwan/85540/2016(B/Yam) 42.4% 37% 37%
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Tablell. Seroprotection rate (3 s % 3 7 104 # g £ %)

Seroprotection rate Child group (N=19)
1.A/Taiwan/85102/2015(H1N1) 95%
2.A/Taiwan/85606/2016(H1N1) 58%
3.A/Taiwan/84913/2015(H3N2) 89%
4.B/Taiwan/85823/2016(B/Vic) 42%

[ 5.B/Taiwan/85540/2016(B/Yam) 42% ]
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