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Influenza Virus

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 
hospitalisation

Reference

Rotavirus 260/100,000 
0-4 years

Med J Aust 2012; 
197:453-7

HIB 60/100,000 
0-4 years, Victoria 
1985-7

Pediatric Inf Dis J 1990; 
4: 252-7

VZV 9/100,000 all ages; 
most in younger 
patients

J Paed Child Health 
2005; 41: 544-52

Influenza 50-100/100,000 
0-4 years

Commun Dis Intell
2007;31 Suppl:S1-152



Risk of death
pre vaccine era, Australia

Disease Number of deaths Reference

Rotavirus 13 (coded) deaths 1990-2002
3 deaths in people aged >70 years

J Pediatr Child Health 2006; 
42:521-7

HIB Up to 19 deaths/year 
46 may have neurological damage
Children aged <18 years

Med J Aust 1994; 160:483-
8

VZV 7 to 8 deaths per year 
43% in people aged >60 years

J Paed Child Health 2005; 
41: 544-52

Influenza 2 to 5 deaths  per year 
Children aged 0-4 years

Commun Dis Intell 2007; 31 
Suppl:S1-152



Influenza vaccination: who? #1

• 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

• Chronic respiratory disease (including asthma)

• Chronic neurological conditions (eg MS)

• Immunocompromising conditions: HIV, malignancy, 
chronic steroid use

• Diabetes

• 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

0

10

20

30

40

50

60

70

80

90

100

2007 2008 2010 2011 2012 2013 2014

VicSPIN

FluCAN

Data provided by Ben Coghlan
and Kristina Grant



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

• In 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(H1N1), 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/IIV3)
– 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%CI 
excluded zero)      

Osterholm et al. Lancet ID 2011;26 Oct online



Vaccine efficacy and match

• 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)

• TIV among 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) 

Aggregated VE
2009 excluded

Crude VE 

(95%CI)

Adjusted VE 

(95%CI)

Adjusted VE

(95%CI)

Years 2008-2013 2008-2013 2011-2013

Influenza 

A(H1N1)pdm09

79 (61, 88) 75 (51, 88) 73 (34, 89)

Influenza A(H3N2) 32 (11, 48) 42 (19, 59) 40 (8, 61)

Influenza B 71 (54, 82) 63 (38, 79) 64 (31, 82)

Any influenza all 

years

53 (41, 62) 53 (38, 64) 52 (32, 64)



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

USA

Influenza type or subtype
Live attenuated and/or inactivated

VE (95% CI)

Monovalent A(H1N1)pdm2009 76% (56,87)

A(H1N1)pdm2009
as part of multi-valent vaccine

65% (60,88)

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
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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

6m - 2 years 2-7 years 7- < 16 years

TIV 55% (95% CI includes 0)

1 RCT 2 seasons

66%
1 cohort study 1 season

85%
TND 4 seasons (WAIVE)

66%
Meta-analysis of 
observational data

65%
< 5 years, 4 seasons 
TND (WAIVE)

59%
Meta-analysis of trial 
data (<16 years)

aTIV 79%
1 RCT 1 season

86%
1 RCT 1 season

No data

LAIV Not licensed 82-83%
Meta-analyses of trial 
data

53%
Meta-analysis of trial 
data



Influenza prevention in children

Jefferson T et al. Cochrane 2008

LAIV: 

82% of influenza 

infections were 

prevented

TIV: 

59% of influenza 

infections were 

prevented



Courtesy 
Brendan 
Flannery, 
CDC 



LAIV and IIV 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 IIV 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 IIV during past 3 

influenza seasons, by age group
Presentation to ACIP Influenza Working Group, August 2014
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Summary of observational data: protection 
of children

adapted from a slide by Brendan Flannery

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

ÁAll 3 reported higher and significant VE for IIV among 
children/adolescents

Ç All 3 studies reported low VE (non-significant) for LAIV4 against 
H1N1pdm09 in 2013-14

Ç MedImmune post-licensure study reported significant VE for LAIV4 
(similar to IIV) against influenza B-Yamagata, but not H1N1pdm09

ÁBiological plausibility has been explored

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

Á Importance of observational data



Comparative vaccine effectiveness against 
hospitalisation, Australia and Victoria

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

2010-14/Aust FluCAN

Victoria FluCAN

2011-13/VicSPIN

2011/Aust FluCAN

Vic FluCAN

VicSPIN

2012/Aust FluCAN

Vic FluCAN

VicSPIN

2013/Aust FluCAN

Vic FluCAN

VicSPIN
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Vaccine effectiveness



Community vs hospital VE
Courtesy Elaine Feng, Sheena Sullivan, Ben Cowling

Not for distribution



Effectiveness against community-treated 
and hospitalised confirmed influenza

Setting/year Age group Community Hospital

N VE (95% CI) N VE (95% CI)

Auckland 
2013

>6m 1459 56% (34,70) 1042 52% (32,66)

Auckland 
2014

>6m 1154 56% (35,70) 1039 42% (16,60)

Perth 2008-
12  (ex 2009)

>6m - <5y 2001 65% (34,81) 306 
pairs

63%  (-6,87) 
(includes 2013)

Navarra 
2010-11

>6m 1296 75% (11,84) 1362 60% (17,75)

Navarra 
2013-14

>6m 525 21% (-45,57) 645 35% (4,56)



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 (CIs overlap)

– But studies not designed 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



GP ILI presentations

Swabbed

Cases

PCR -ve

Controls

PCR +ve

VE = [1 – OR] x 100%

– Adjust for age, time, comorbidity

– Stratify by type/subtype and age group

Exclusions

– Age

– Sex

– Symptom onset

– Vaccination

– Comorbidity

Vaccinated

Unvaccinated
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Simonsen, L. et al. Arch Intern Med 2005;165:265-272.

Seasonal excess pneumonia and influenza (P&I) and all-cause mortality rates in persons 65 years 
or older from 1968 through 2001



VE by lineage, US FLU VE Network 
2012-13

Mclean et al, JID December 2014


