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Taken from: Ruigrok R, “Structure of Influenza A, B and C Viruses” Chap 3, in Nicholson
KG, Webster RG, Hay AJ: Textbook of Influenza. Blackwell Science, Cornwall GB, 1998



Influenza vaccines: why?

 Influenza causes a substantial burden of
disease

— Elderly
— Children

— Those with underlying disease



Influenza hospitalisation risk, Australia, 1993 to 2000,
by age group and sex
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Risk of hospitalisation
pre-vaccine era, Australia

Disease Annual risk of Reference
hospitalisation

Rotavirus 260/100,000 Med J Aust 2012;
0-4 years 197:453-7

HIB 60/100,000 Pediatric Inf Dis J 1990;
0-4 years, Victoria 4:252-7
1985-7

VzVv 9/100,000 all ages; J Paed Child Health
most in younger 2005; 41: 544-52
patients

Influenza 50-100/100,000 Commun Dis Intell

0-4 years 2007;31 Suppl:S1-152



Risk of death
pre vaccine era, Australia

Number of deaths

Rotavirus 13 (coded) deaths 1990-2002 J Pediatr Child Health 2006;
3 deaths in people aged >70 years 42:521-7
HIB Up to 19 deaths/year Med J Aust 1994; 160:483-

46 may have neurological damage 8
Children aged <18 years

VZV 7 to 8 deaths per year J Paed Child Health 2005;
43% in people aged >60 years 41: 544-52
Influenza 2 to 5 deaths per year Commun Dis Intell 2007; 31

Children aged 0-4 years Suppl:S1-152



Influenza vaccination: who? #1

e NHMRC Handbook 2013

— Anyone aged >6 months for whom decreased risk
of becoming ill with influenza is desired

— All adults aged > 65 years
— Pregnant women
— Obese people

— Aboriginal and Torres Strait Islander people aged
>15 years

— Children aged < 5 years



Influenza vaccination: who? #2

— People with co-morbidities
* Cardiac disease
e Chronic respiratory disease (including asthma)
e Chronic neurological conditions (eg MS)

* Immunocompromising conditions: HIV, malignancy,
chronic steroid use

* Diabetes

e Chronic renal failure

* Alcoholism

* Haemaglobinopathies



Influenza vaccination: who? #3

— Residents of aged-care facilities
— Homeless people

— Persons who may transmit influenza to vulnerable
persons

* HCWs
— Poultry & pig workers
— Persons working in essential services
— Workplaces for other workers
— Travellers



Influenza vaccine coverage in Victoria:
flu negative patients aged > 65 years
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Influenza vaccination: who elsewhere

* Precisely the long list of persons that is recommended
for influenza vaccination in Australia led the US to
recommend (and fund) influenza vaccination for the
entire population from 2010

— LAIV was preferred for children until the last influenza
season

* |n the UK, children were funded for influenza vaccine
(LAIV) starting in 2013-14. Other funded groups are
similar to Australia

— LAIV is still preferred
— Cost effective from societal viewpoint



Influenza vaccination: what?

* To date, only inactivated vaccines are available in
Australia

* |In 2015, only trivalent [A (H3N2), A(HIN1), B

(best guess lineage)] vaccines were funded by the
NIP

— QIV to be funded from 2016

* Other vaccines available elsewhere
— LAIV (>2 years)
— adjuvanted vaccines (for the young and old)
— ‘Double dose’ vaccines for elderly patients



Influenza vaccination: why?

* Recognised disease burden
— Children
— Elderly
— Underlying co-morbidity
* Requires an effective vaccine: How effective is
TIV?
— <50%"?
— 50-70%
— 70-90%



Protection from influenza vaccines:
efficacy and effectiveness

 Efficacy measures the per cent reduction of disease
in the in the intervention (vaccination) compared to
the placebo arm of an RCT
— A controlled environment (Question: can it work?)
— Endpoint is laboratory confirmed infection
» Effectiveness is the same measurement from an
observational study
— An uncontrolled environment (Question: does it work?)
— Endpoint is laboratory confirmed infection
— Although Cochrane Collaboration reports ILI endpoint



Efficacy from a meta-analysis of
studies using PCR/culture endpoint

* Meta-analysis of VE from trials (mostly TIV/1I1V3)
— Healthy adults aged 18-64 years

— Efficacy shown in 8/12 seasons in 10 RCTs
— VE=59% (51-67) adults aged 18-65 years
* Observational VE estimates
— 6/17 analyses in 9 studies showed protection
— VE median =52%

— Range = 47%-72% for significant protection ( ie, 95%ClI
excluded zero)
Osterholm et al. Lancet ID 2011;26 Oct online



Vaccine efficacy and match

e 34 RCTs; 47 influenza seasons
— 94,821 subjects with PCR/culture endpoint

* LAIV among children aged 6 to 36 months
— matched VE = 83% (75-88)
— mismatched VE = 54% (28-71)

* TIVamong adults
— matched VE = 65% (54 -73)
— mismatched VE =52% (37-63)

Tricco et al, BMC Medicine 2013, 11:153



VE estimates from the Victorian Sentinel

Practice Influenza Network, 2008-13
Year (season) Crude VE |Adjusted VE | Adjusted VE

Aggregated VE (95%Cl) (95%Cl) (95%Cl)
2009 excluded

Years 2008-2013 2008-2013 2011-2013

Influenza 79 (61,88) 75(51,88) 73 (34, 89)
A(H1N1)pdm09

OERPERAGELNPARY 32 (11, 48) 42 (19,59) 40(8, 61)
Influenza B 71(54,82) 63(38,79) 64(31,82)

Any influenza all 53(41,62) 53(38,64) 52(32,64)

years




Results for meta-analysis
Poster presentation, ID week, San Diego,

Influenza type or subtype VE (95% Cl)
Live attenuated and/or inactivated
Monovalent A(HIN1)pdm?2009 76% (56,87)
A(HIN1)pdm?2009 65% (60,88)
as part of multi-valent vaccine
Influenza B 63% (56,69)

A(H3N2) 38% (31,44)



Adjusted VE by type/subtype (N;cases), all ages
by season, I-MOVE 2010-11 to 2014-15

100

80

-20

Courtesy
Esther
Kissling
Do not
distribute

¢ 59

(3876;1751)

2011-12

(3012;672)

2012-13

(2351;614)

2013-14

AH3N2

(4491;1722)

2014-15

(3255;1139)

2010-11

(3196;978)

2012-13

(2113;521)

2013-14

AH1IN1

(2920;514)

2014-15

(2885;754)

2010-11

(4344;1860)

2012-13
B

(3732;1002)

2014-15
19




Summary: protection of adults in
community studies

* Protection (all influenza) is generally the range
40-70%
— Occasional exceptions
— Consistent estimates from trial and observational data
 Monovalent pH1N1 protection was high
— Lower as part of trivalent/quadrivalent vaccine
* Protection against H3N2 most often <50% in
recent years
— Consistent across seasons and hemispheres



Influenza vaccine protection estimates for

children
55% (95% Cl includes 0) 66% 59%
1 RCT 2 seasons Meta-analysis of Meta-analysis of trial
66% observational data data (<16 years)
1 cohort study 1 season 65%
859% < 5 years, 4 seasons
TND 4 seasons (WAIVE) TND (WAIVE)
allv. 79% 86% No data
1 RCT 1 season 1 RCT 1 season
LAIV  Notlicensed 82-83% 53%

Meta-analyses of trial Meta-analysis of trial
data data



Influenza prevention in children

Review: Vaccines for preventing influenza in healthy children
Camparison: 1 Live vaccins versus placebo or na intervention (RCTs by age group)
Outcame: 1 Influenza

Study or subgroup Vaccine Control Risk Ratio Weight
niN niN M -H,Random.55% CI

Risk Ratin

M-H Random_ 95% CI

1 under 2 years

Subtotal (95% CI) 0 0 0.0 %
Total events: 0 (Waccine), 0 (Control)

Heterogeneity: not applicable

Test for overall effect: not applicable

2 under 6 years

Belshe 1998 1471070 85/532 - 17.2%
Belshe 20002 15/917 517441 - 17.0%
Clover 1991 5/27 20/51 —— 129%
Vesikari 2006a 2371059 971725 - 186X
Vesikari 2006b 31/658 148/461 E 3 19.6%
Subtotal (95% CI) 3731 2210 > 853 %
Total events: 68 Na((me) 411 t(unuul)
Heterogeneity: Tau® = 0. L df =4 (P =0.01); F =70%
Test for overall effect: B 9 tP < 0. 00001)
2 over £ years
Clover 1991 7129 16/31 —— 147 %
Subtotal (95% CI) 29 31 - 14.7 %
Total events: 7 Waccine). 16 (Control)
Heterogeneity: not applicable
Test for overall effect: 2 = 2.04 (P = 0.041)
Total (95% Cl| 3760 2241 -> 100.0 %

)
Total events: 95 Naccme) 427 (Contral)
Heterogeneity: Tau? = 0.27; Chi* = 22.81, df = 5 (F = 0.00037); B =78%
Test for overall eﬂect .98 (P=0. 00001)
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Review: Vaccines for preventing influenza in haalthy children
Camparison: 2 Inactivated vaccine varsus placabo or no intervention (RCTs by ags group)
Outcame: 1 Influenza

Study or subgroup Waccine Cantrol Risk Ratio Weight Risk Ratio
niN nin M-H.Random,95% CI M -H,Random,55% C1
1 under 2 years
Hoberman 2003a 150273 22/138 —a— 191 % 0.34[0.18 0641
Hoberman 2002b aj252 4122 —_— BlX 1.10[0.35 250]
Subtotal (95% CI) 525 261 ——— 272 % 0.55 [ 0.18, 169 ]
Total events: 24 (Waccine), 26 (Control)
Heterogeneity: Tau® = 0.45; Chi* = 3.00, df =1 (P = 0.08); F =
Testfor overall effect: Z = 1.04 (P = 0.30)
2 under € years
Clover 1991 8/35 20/51 —a— 18.0% 0EE[0.34,127]
Gruber 1950 319 a9j27 _— B.0% 4700151521
Subtotal (95% CI) 54 78 g 259 % 0.61 [ 0.34, 108 ]
Total events: 12 (Vaccine), 29 (Control)
Heterogeneity: Tauz = 0.0; Chi# = 0.23, di = 1 (P = 0.63); F =0.0%
Test for overal| effect: Z = 1.71 (P = 0.087)
3 over 6 years
Beutner 15792 28/300 82/275 —— 287 % 0310021, 047]
Clover 1991 0/19 16/31 +—mm 1.7% 0.05[0.00,076]
Gruber 1330 7i3s 28/50 —a— 16.5% 0.36[0.18.072]
Subtotal (95% CI 354 356 - 16.9 % 0.31[ 0.22, 0.45 ]
Taotal events: 25 (Waccine), 126 (Cantrol)
Heterogeneity: Tauz = 0.00; Chi# = 2.02, df = 2 (P = 0.36); F =2%
Test for overal| effect: 7 = 6.46 (P < 0.00001)
Total (95% CI 933 695 - 100.0 % 0.41 [ 0.29, 0.59 ]
Total events: 71 (Vaccine), 181 (Control)
Heterogeneity: Tau® = 0. Chi* = 3.35, df = 6 (P = 0.15); F =36%
Test for overall sffect: Z = 4.76 (F < 0.00001)
0.z 05 1

0. 2 H
Favours treatm ent Favours control

Jefferson T et al. Cochrane 2008



LAIV vs. [IV—2-8-year-olds—Lab-confirmed Influenza—
Randomized Studies

Studies Risk of

) Bias | Inconsistency | Indirectness | Imprecision RR Risk Difference
[95% CI] with LAIV [95% CI]

9 Mot Not Mot Mot 0.46 43 fewer per 1000 BEEOE
serous Serious Serious Serious [0.39 - 0.54] [37 — 49 fewer] High
LAIV 14" Risk Ratio Risk Ratio
Study or Subgmup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Ashkenazi 2006 (6-71M) 29 1050 B0 1035 15.4% 0.48 [0.31, 0.74] -
Belshe 2007 (6-59M) 153 3916 338 3936 B45% 0.45 [0.38, 0.55) .
Total (95% Cl) 4966 4971 100.0% 0.46 [0.39, 0.54] .'
Tatal events 182 398
i 2= “Chif= = = C 2= I i i i I |

?et?;ugenem-lflT?ru ;gPDE,;::Sh|P—{DﬁDD4d;£1-1 (F=0285),F=0% 11072 05 1 3 & 10

estfor overall effect Z=8.95 ( ' ) Favors LAY  Favors IV

* Influenza cases included all influenza types/subtypes Cour(tjesy
« AllA(HIN1), A(H3N2), and B Brendan
Flannery,

*  Without regard to antigenic similarity to viruses in vaccine cDC




LAIV and IV vaccine effectiveness among 2-18 yrs over 3

seasons, by influenza type/subtype
Presentation to ACIP Influenza Working Group, August 2014
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LAIV and [IV vaccine effectiveness among 2-8 yrs over 3

seasons, by influenza type/subtype

Presentation to ACIP Influenza Working Group, August 2014
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Relative effectiveness of LAIV to IV during past 3

Influenza seasons, by age group
Presentation to ACIP Influenza Working Group, August 2014

Influenza Season Adjusted OR (95% CI)
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Summary of observational data: protection
of children

adapted from a slide by Brendan Flannery

3 US studies during 2013-14 season using test-negative design reported
low VE for LAIV4

A All 3 reported higher and significant VE for IV among
children/adolescents

All 3 studies reported low VE (non-significant) for LAIV4 against
H1IN1pdmO09 in 2013-14

Medimmune post-licensure study reported significant VE for LAIV4
(similar to 1IV) against influenza B-Yamagata, but not HIN1pdmO09

A Biological plausibility has been explored

No preferential recommendation for LAIV in the US for 2014-15

r

A Importance of observational data



Comparative vaccine effectiveness against
hospitalisation, Australia and Victoria

2010-14/Aust FIUCAN
Victoria FIUCAN -
2011-13/VicSPIN

2011/Aust FIUCAN
Vic FIuCAN -
VicSPIN

2012/Aust FIuCAN
Vic FIuCAN -
VicSPIN

2013/Aust FlIuCAN
Vic FIUCAN
VIcSPIN

2 4 .6 .8
Vaccine effectiveness

e Y e e T N
[ ]

FIuCAN: adjusted for age group, medical comorbidities, pregnancy, Indigenous status.
VicSPIN: adjusted for age group, time within season, co-morbidities.
Source: FIUCAN unpublished data; VicSPIN manuscript submitted. Not for distribution



Country

Australia

Canada

usa

usa

Spain

MNew Zealand

MNew Zealand

Mew Zealand

Mew Zealand

Australia

MNew Zealand

Spain

Mew Zealand

Mew Zealand

New Zealand

Spain

Spain

Spain

Season

2010

201002011

201142012

201142012
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2013

2013

2013

2013
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2013

2013
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20122012
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Community vs hospital VE

Courtesy Elaine Feng, Sheena Sullivan, Ben Cowling
Not for distribution

Author Setting Age Typelsubtype Vaccine Effectiveness (95% CI) p—value AVE
Cheng inpatients 18y+ AcrB —_ 32% (-0%, 57%) |
Levy oulpatients  18-84y [ BO% (—13%, B4%) 0314 —
Fwong inpatients Gigy+ AorB E —.— 42% (20%, 53%) i
Skowronski outpatients  SOy+ — s 26% (-28%, 57%) D413 =
Talbat inpatients 18y+ AorB o e 71% (17%, D5%) 0404 :
Chmit outpatients all ages E — 47% (36%, 58%) . ' .

: !
Talbat inpatierts  E0y+  AorB L m TT% (24%.08%) 0473 :
Ohmit outpatients  50-64 P —— 54% (23%, 72%) : —
Martinez-Baz inpatients allages AocrB : —_— m T4% (33%, D0%) i
Martinez-Baz ~ outpatients  all ages N —— 55% (1%, E0%) 0387 —
Turner inpatients all ages  AorB E —a— 52% (32%. 06% :
Turner outpatients all ages H —_— 58% (4%, ?O%} 0745 H
Turner inpatients Bm-1Ty AcrB —_— 78% (2%, B5%) 0.415 :
Turmer outpatients Bm—17y e 58% (6%, 79%) . !

: !

: !
Turner inpatients 18-84y  AorB H —_— B81% (4%, 77%) |
Turner outpatients  18-B4y P 555 (24%, 73%) 0.704 —
Turner inpatients BSy+ AorB R S 349 (-25%, B6%) 0158 :
Turner outpatients GEy+ e — 76% (15%. 03%) . ¢ . !
Cheng inpatients 18y+ HiN1 G —e— 40% (13%. T0%) :
Fielding cutpatients 2084 ; &+ BO% (50%. 58%) n.o7e —
Turner inpatients allages HIN1 H 48% (~74%. B5%) 083 H
Turner outpatients all ages 40% (-00%, B6%) : T

!
!

Fuig—-Barbera inpatients 18y+ H3M2 P —.— 31% (1%, 47%) |
Jimenez-Jorge outpatients all ages — 45% (0%, B80%) D.4s2 !
Turner inpatients allages  HINZ P om 349 (2%, 57T%) :
Turner outpatients  all ages : — B1% (32%. 77%) 037 —
Turner inpatients all ages A D — 0% (10%, 528%) .
Turner outpatients  all ages : e BE% (32%, 74%) 0233 —
Turner inpatients allages B : — - 76% (54%, 87%) :
Turner cutpatients  all ages J E4% (10%, 75%) 0.140 T
Martinez—Baz inpatients allages B 1 —a 27% (52%, D6% 1
Martnez-Baz  outpatients  all ages — 56% E—E%. 8 1%} 0113 T

: !
Martinez—Baz inpatients allages B i —a 27% (52%, 06%) 0.070 i
Jimenez-Jorge outpatients all ages H —_— 50% (24%, 75%) . !
Martinez—Baz inpatients allages B : —_— = 87% (52%, 96%) 0420 |
Jimenez-Jorge outpatients all ages ! —_— 82% (33%, T7%) : 1 *

I T T 1
-50% 0 50% 100% -100% 0 100%

Vaccine Effectiveness Vaccine Effectiveness




Effectiveness against community-treated
and hospitalised confirmed influenza

Setting/vear | Age group m

VE (95% Cl) VE (95% Cl)
Auckland >6m 1459 56% (34,70) 1042 52% (32,66)
2013
Auckland >6m 1154 56% (35,70) 1039 42% (16,60)
2014
Perth 2008- >6m - <5y 2001 65% (34,81) 306 63% (-6,87)
12 (ex 2009) pairs (includes 2013)
Navarra >6m 1296 75% (11,84) 1362 60% (17,75)
2010-11
Navarra >6m 525 21% (-45,57) 645 35% (4,56)

2013-14



Summary: protection in hospital and
community

Community studies more widely performed
using TND (>80 published)

Hospital studies now published from Australia,
NZ, US, Europe, South America

VE estimates in same range (Cls overlap)

— But studies not designhed to test differences in VE

VE similar when estimates are made from
same source populations



Evidence summary

* |Influenza vaccines provide significant protection
against laboratory confirmed symptomatic
infection

— generally in the range 40-70%, with variation by year
— similar for children and adults

— similar for inactivated and live attenuated vaccines in
children

— similar in community and hospital settings, all ages
* Protection against H3N2 often <50%

* Conclusions may evolve as studies continue to be
published



Conclusions

* Influenza burden is well established
— Serious disease is the tip of the iceberg

* Influenza vaccines are not as effective as some
other vaccines funded by the NIP

— but cost-effective modelling suggests that even with

effectiveness as low as 30%, vaccination of the elderly
is cost-effective (Newall et al, Vaccine 2010)

* Vaccination of the elderly is better value than
many other accepted interventions in the elderly

* Reminds us why vaccination is such an important
public health intervention
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VE = [1 - OR] x 100%

— Adjust for age, time, comorbidity

— Stratify by type/subtype and age group



Seasonal excess pneumonia and influenza (P&I) and all-cause mortality rates in persons 65 years
or older from 1968 through 2001
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VE by lineage, US FLU VE Network
2012-13

Table 4. Influenza B Lineage-Specific Unadjusted and Adjusted Vaccine Effectiveness (VE), by Age Group and Vaccination Status

Irfluerza BfYamagata Detected Influenza BNictaria Detected

Cases/ nadjusted VE Adjusted® VE Cases/ Unadiusted VE Adjusted” VE

Age, Vaccination Status Total (%) 95% CI) {95% CI) Total (96) 195% CI) (95% CI)
Al ages

Vaccinated 138/2220 (6) 69 (62-75) 66 (58-73) 98/2180 (&) 53 (39-63) 51 (36-63)

Unvaccinated 44412507 (18) Reference Reference 205/2268 (9 Reference Reference
6 mo-=17y

Vaccinated 69/787 (9) 70 (60-77) 68 (57-76) 63/781 (8) 45 (24-60) MR

Unvaccinated 25411081 (24) Referance Reference 127/924 (14) Reference Reference
=18y

Vaccinated 691433 (5) 66 (55-75) 65 (53-75) 351399 (3) 58 (37-72) 58 (35-73)

Unvaccinated 190/1456 (13) Reference Reference 78/1344 (6) Reference Reference

Mclean et al, JID December 2014



