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= Random mutation
= Selection
« H1DRHPY: Natural selection: Growth advantage
= E2DBEPY: Pressures
= Immunologic pressure
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Evolutionary dynamics of human influenza A and influenza B
Victoria and Yamagata viruses.
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Pandemic Virus HA Amino Acid Position (H1 Numbering)
187 216 222 224
1918 SC18 (ol.6) D A D A
2009 WT pHI1N1 D I D E
al 6 pHINI D A D A
al 3 pHINI E A a A I
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= References
= England (Eurosurveillance Volume 20, Issue 31, 06 August 2015)

= Canada (Eurosurveillance Volume 20, Issue 36, 10 September
2015)

s A(H3N2) clade 3C.2a viruses
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(Influenza and Other Respiratory Viruses 2008; 2: 147-154)

s MMV IVOFIEETHEA IV IVFRYEEERL S,
(Critical Care 2007, 11:209)

= H7N7: 82/89 (92%) (Lancet 2004; 363: 587-593)
= H5N1: 14/37 (37%) (N Engl J Med 2008; 358:261-273)

s HIN1pdmO09 (9%) (Handbook for Pandemic and Mass—Casualty
Planning and Response. IOS Press 2012)

= H7N9: 0/111 (0%) (N Engl J Med 2013; 368: 2277-85)
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Test—negative case control study

s AVINVIVTHREEBTREL-EETREDS Hﬁ’é"ﬁb‘l R
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DOFEEE A/A+B <? C/C+D

Vaccine Effectiveness = (1 —0Odds ratio) X 100
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A(H1N1)pdm09 ' Type B ®

E% VE%
(95% Cl) (95% Cl)
| All Ages6 mo-15yio  Crude 62 (55-68)  (265/876) [1303/2446]* (17/66) [281/468]* 32 (22-40)  (615/1405) [1303/2446]*
Adjusted - 63 (56-60) 26 (14-36)
Adjusted =* 63 (56-69) 25 (13-35)
Adjusted = g 67(58-74) 85 (65-93) 33 (20-45)
Age 6-11 mlo Crude 4 (-77-68)  (8/49) [34/166] 29 (82-73) (B 56 NA ¢ (0/2) [8/36] NA 9 (2/10) [34/166]
Adjusted * 21 (-87-67) 30 (-85-74 NA NA
Age 1-2 yio Crude 61(49-70) [ (114/342) [451/803] : (63/224) [451/803] 67 (15-87)  (8/21) [102/157]  41(12-680)  (51/118)[451/803)
Adjusted ® 63 (51-72) 67 (15-87) 41 (10-81)
Age 6 m/o-2 yio Crude 55 (42-65) | (122/391) [485/969] (69/263) [485/969] 60 (1-84)  (8/23)[110/193] 30 (-252)  (53/128)[485/969)
Adjusted ® 57 (44-67) 67 (54-76) 62 (4-85) 29 (-6-52)
Age 3-5yio Crude 58 (48-67) 72 (62-80)  (73/248) [406/675] 85 (44-96)  (3/17) [78/134] 43 (24-57)  (135/291) [406/675]
Adjusted @ 60 (49-69) 73 (63-81) 84 (43-96) 44 (25-58)
Age 6-12y/o Crude 36 (23-4 195/1169) [371/694] 55 (41-86)  (113/331) [371/694) 88 (64-96)  (5/23) [85/123] 27 (11-40)  (382/838) [371/694]
Adjusted ® 39 (26 58 (44-69) 90 (67-97) 30 (13-43)
Age 13-15 ylo Crude 207-17-57)  (55/182) [41/108] 32 (-57-70)  (10/34) [41/108] NA 9 (1/3) [8/18] 29 (-21-58)  (45/148) [41/108]
Adjusted ® 22 (-33-54) 12 (-115-84) NA 9 23 (-34-56)

& HEDEELE T 2013/14>—X>. 6HRA~15m. 47271\
ROHEDH RS THE 2013-2014 season: A(H1N1)pdm09 (43%),
subtype A(H3N2) (21%), and type B (36%).
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»HY 43 79
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Bt 135 139
L_DOF EER 31.90% < 96.80%

DOF I ETEE=44.5%
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Vaccine Effectiveness: 64.5% (95% confidence intervals=42%-78%)

Vaccine Effectiveness = (1 —0dds ratio) X 100
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DOF R 95% confidence
intervals

0~3% 49.5% 64.5% 17~85
0~58 47.2% ~4.0% ? -100~47
6~ 155 38.9% 48.0% -13~76
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= Rapid Risk Assessment On "Drifted’ H3N2 Viruses
= WHO: 2014/10/12
= CDC: 2014/12/3
= ECDC: 2014/12/22
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HA Mutations in 2014-2015 H3N2 Viruses
Cell Reports 2015;12, 1-6

2014/15HBR DT F 2 Texas (3C.1) ERGATER
BERD2016749Fy — BARD2014/1579F> — BAERD2015/1677H9F >

Eaaes 159160
3C.2a 3C.3 3C.3a
L3l 144 145
T128A — s :
A138S 142
R142G R142G
+ HE4H
N1455 N1455 N145S
F159Y F159S
— B8
N225D N225D
Q311H

Shown are HA residues (H3 numbering) that differ between the A/Texas/
50/2012 H3N2 vaccine strain and most clade 3C.2a, 3C.3, and 3C.3a
viruses isolated during the 2014-2015 Northern Hemisphere influenza
season.




Genetically Distinct H3N2 Viruses Circulated during 2014-2015 Influenza Season in
the United States Shown are the percentage of viruses that belong to each HA clade
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i 2014/2015:Vaccine Effectiveness

= MMWR 2015; 64: 10-15 (January 16, 2015) CDC U.SA.

s SFEALTILIVTDHFY EBEIE23% GBEI0CERDAUIILIVFIIFUD
BAxhEIL10%~60%: 8 EZRE>=-DHITTIIELY, )

s SEOVIFUENEIT, EERNE~1TEDOFELT260%EREEL, 18~49ET
12%. 50&% LL L T14%,

s February 26, 2015 CDC U.S.A.
= A H3N2: 18% (95% confidence interval (CI): 6%—29%)
= Influenza B: 45%.
= Eurosurveillance 2015; 20 (29 January, 2015) Canada
= A(H3N2) viruses: —8% (95% CI: —50 to 23%)
= Eurosurveillance 2015; 20 (February 5, 2015) United Kingdom
= A H3N2: 3.4% (95% Cl: —44.8 to 35.5)
s SFEQOAVINIVY 6BITIIFUMRIET (3A 128 585365 NHKzE) BHA
= BELLWTF—4%L



Influenza vaccine effectiveness in the 2014—-15 season
CDC: February 24, 2015

All A(H3N2) 1415 53% 3281 57% 18%  61t029
A(H3N2) vaccine-like 115 39% 3281 57% 18 to 69
(group 3C.3/3C.3b)

"~ A(H3N2) 624 55% 3281 57% : -5 to 30
(group 3C.2a)

A(H3N2) 25 60% 3281 57% Yy -177 to 53

(group 3C.3a)

2014/15[ZAntigenic DriftZi#2_ L1=-3C.2a&3C.3alZIEZh R AL o1 =,




ERTRERBELISORE/INVIVFARBENSE, EEMALBEIO
2015/2/6

ERFAEEBEAINDAIVINIVFIZLIAREBEDODRBHEEDOHR

A —AX BT, 2014/159—X
VlE. 60k LLE D FE B TH24E,




i Antigenic driftBA\/NRICEEN DT HT1-EH

s AT HFICRELI-CELGVLFES
s memoryM7FK, HEHETIFUDTHE N DTN,
s EDAVITILVIUYTE, BITHE,
 ZELTH, WEEIRAZITNIE, BEITDZ0,




i DOF DB R

» BEBRIETIIF UMV AZBOTBETORREDOEL



007 Riatk REIEIER) OERE

“'( Y reassortant virus

cgg

HAD i RTEDZEE

high-vielding
strain PRE

EHERE (PRE)EDEITEEFEESVAMILA(HGR)A fEHIEh D

l . BRTOIHFUREMEE EFBI0I2. THFUIALRALRE

» DOFUEERTIX HGRERWT I 9F U BEETES

Jb 3 BRWHO HE 32 1%k

A/TXH R /50/2012%k

3C.1

2014/15: H3N2 D HF>

BARDOF %

3C.3

A/=21—3—%/39/2012




i DOF DB R

= HI (FRinERAESRE L &) il O Z bk



957> O iEER
Estimated probability of protection according to the level of HI titre.

(All Model — Posterior Mean value and 95% credible interval)
BMC Medical Research Methodology 2010, 10:18

HI Protection curve*ﬁwﬁ;ﬁg (HIfi = 1:40DE4 . SPR)
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Recommendations for Prevention and Control of Influenza in Children,
2015-2016 PEDIATRICS Volume 136, number 4, October 2015

People at Higher Risk of Influenza Complications Recommended for Antiviral
Treatment of Suspected or Confirmed Influenza

American Academy of Pediatrics

Age: Children <2 y, Adults =65 y
High risk patignts

Children <2 y

Adults =65 v

People with chronic pulmonary (including asthma), cardiovascular (except hypertension alone), renal,
hepatic, hematologic (including sickle cell disease), or metabolic disorders (including diabetes mellitus)
or neurologic and neurodevelopment conditions (including disorders of the brain, spinal cord,
peripheral nerve, and muscle such as cerebral palsy, epilepsy [seizure disorders], stroke, intellectual
disability [mental retardation], moderate to severe developmental delay, muscular dystrophy, or spinal
cord injury)

People with immunosuppression, including that caused by medications or by HIV infection

Wnmen who are nrednant or nostnartim (within 2 wk after delivery)

FAYAH:2012/134V DIV IoHF—X 0 AV TIVIOFEHREE DI EEBE
NAIs{# FH : 16% (underprescribing); ¥t B 2 {# FH : 30% (overprescribing)
(Clin Infect Dis. 2014; 59: 774-782.)
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Antiviral Res&arch”2005; 68: 43—48



Complexity of sialylglycans recognized by influenza A virus.

Trends in Microbiology 2012; 20: 11-20

(a) _ (b)
Core Modifications
(i) Sia structure Neu Acetyl Phosphate
Kdn Glycolyl Sulfate
Lactyl Methyl < =
(if) Sia linkage 23 026 w28 029 :

w

(ill) Underlying sugars  Topology
Modifications

Branches

(iv) Glycan class N-linked
O-linked

Cone-like receptor

Short a2,6 sialylglycan
(Bird)

Umbrella—like receptor

Long 2,6 sialylglycan
(Human
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Glycan microarray: H3N2™2 1 IILRZ{EH
PLOS ONE 2013:8 :e66325
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Human influenza virus

HA

Sialic acid

RIP o Ui Ve HAILRDentry|EE
/ ~ « HEEREOFEIZS T ILE(sialic acid-

v R g 4mm containing glycoproteins)\ &£, 7
N-acetylglucosamine ’f)bX':ﬁé bf::@&?)b@&ﬂ] U EE
« . L. BUDAMIILRZERSE, DMILAD
i A 19, ( Virology Journal 2013;
£ A MBI T o 10: 321)

= NA: AHIN1): G147RZEE: A(H3N2) :
D151GZE & [&receptor-binding activity®
¥ (SEER) (J Virol 2015: 89: 3737-45)

Current Opinion in Virology 2012; 2: 160—-167



Glycan microarray: H3N2™2 1 IILRZ{EH
PLOS ONE 2013:8 :e66325
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B Oseltamivir-susceptible, all age
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$0Os versus Non, P < 0.01

Pediatr Infect Dis J 2010;29: 898—904
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A Oseltamivir-resistant, all age
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Pediatr Infect Dis J 2010;29: 898—904
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Enterovirus D68




Enterovirus D68

20145F8A ~12H

= FRUEZR (ffiz, HIREX L) DFi1T (Colorado, USA)
= 1,152 people in 49 states (14D IETHI)

States with Confirmed EV-D68 States with Lab-confirmed Seates with Lab-conficmed
Liics o EV-D68 Infections EV-Dé68 Infections




Enterovirus D68

fever

runn¥ nose, sneezing
mouth blisters

cough

difficulty breathing, wheezing |

body, muscle aches

Less commonly, a person
may develop:

- myocarditis (infection of
the heart)

- pericarditis (infection of the
sac around the heart)

- encephalitis (infection

8§ (1€ DAl

- paralysi
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Acute flaccid paralysis and cranial nerve dysfunction

| (Acute flaccid myelitis: AFM)

201448 A ~201547H : 120 children in 34 states (CDC)
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MRL: 8D ERE. RBDODIKAREDRE.
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Clade B1

Lancet 2015; 385: 1662—1671; Lancet Infect Dis 2015; 15: 671-682
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Zika virus
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Brazil and French Polynesia




* Zika Fever
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Sexual Transmission ?

Zika Virus
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