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Abstract

Vaccine effectiveness in pandemic influenza — primary
care reporting (VIPER): an observational study to
assess the effectiveness of the pandemic influenza

A (HINI)v vaccine

CR Simpson,'* LD Ritchie,> C Robertson,** A Sheikh' and | McMenamin*

'Allergy & Respiratory Research Group, Centre for Population Health Sciences, The University of

Edinburgh, UK

2Centre of Academic Primary Care, University of Aberdeen, UK
3Department of Statistics and Modelling Science, University of Strathclyde, Glasgow, UK

“Health Protection Scotland, Glasgow, UK

*Corresponding author

Objectives: To determine influenza A (HINI)v
vaccine effectiveness (VE) in the Scottish population
at an early stage of the 2009—-10 HINIv vaccination
programme, using a sentinel surveillance network of
41 general practices contributing to the Practice Team
Information (PTI) network.

Methods: Retrospective cohort study using record
linkage. Using the Community Health Index (CHI)
number, general practice patient-level data were
extracted and linked to the Scottish Morbidity
Record (SMR) catalogue, containing information on

all inpatient hospitalisations in Scotland. The Health
Protection Scotland (HPS) data set was also used,
consisting of laboratory-confirmed cases of influenza
A (HINI)v from the practices. The study involved a
longitudinal evaluation of the aspect of the influenza A
(HINI)v vaccination programme implemented through
general practice in autumn/winter 2009.

Results: At 25 December 2009, vaccine uptake
estimates for the study population were 12.0% (95%
CI 1.9 to 12.1). For those patients in an at-risk

group (n=59,721), the uptake rate was 37.5% (95%

Cl 37.1 to 37.9). Among the 1492 patients swabbed,
467 were positive for HINI, giving a positivity rate

of 31.3% [95% confidence interval (Cl) 29.0 to 33.7].
Among those in a clinical risk group who were not
vaccinated, 41.3% (95% Cl 35.6 to 46.9) tested positive
for influenza A (HINI)v, a significant difference from
the HINI positivity percentage among patients with
no clinical risk (p<0.01). Among those vaccinated and
in a clinical risk group, only one patient (5%, 95% Cl
0.3 to 23.6) tested after vaccination was positive for
influenza A (HINI)v. By comparing postvaccination
swabs in those who were vaccinated with swabs
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taken in those who remained unvaccinated, the VE
was found to be 95.0% (95% Cl 76.0 to 100.0). In

the study population there were 2739 admissions to
hospital, of which 1241 were emergency admissions;
all 48 emergency hospitalisations for influenza and
pneumonia occurred in patients who did not receive
the vaccine. VE for single or combined end points of
influenza and pneumonia hospitalisation for all patients
was estimated at 100.0% (95% CI « to 100.0). There
were 132 hospitalisations in the unvaccinated group
versus five in the vaccinated group for cardiovascular-
related conditions. There were 193 hospitalisations in
the unvaccinated group versus nine in those vaccinated
in the group of patients admitted for influenza,
pneumonia, chronic obstructive pulmonary disease
(COPD) and cardiovascular-related conditions. VE
for cardiovascular-related conditions alone, or in
individuals with influenza, pneumonia COPD and
cardiovascular-related conditions, was 71.1% (95%

CI 11.3 to 90.6) and 64.7% (95% Cl 12.0 to 85.8)
respectively.

Conclusions: Evidence from swabs submitted from
patients in the cohort who presented in general
practice with influenza-like illness suggests that

the introduction of influenza A (HINI)v vaccine

in Scotland during 2009 was associated with a

high degree of protection. Influenza A (HINI)v
immunisation in primary health-care settings appears
to be both effective and widely acceptable, and should
continue to be the mainstay of disease prevention for
at-risk patients. A further analysis encompassing the
whole influenza season is required to cover more days
of vaccination exposure and increase precision.
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Executive summary

Objectives

To determine influenza A (HIN1)v vaccine
effectiveness (VE) in the Scottish population at

an early stage of the 2009-10 HIN1v vaccination
programme, using a sentinel surveillance network
of 41 general practices contributing to the Practice
Team Information (PTI) network.

Methods

The P11 network of general practices covers a 5%
sample of the Scottish population (n =246,368).
Using the unique Community Health Index (CHI)
number, general practice patient-level data were
extracted and linked to the Scottish Morbidity
Record (SMR) catalogue, which has information
on all inpatient hospitalisations in Scotland. We
also used the Health Protection Scotland (HPS)
data set, which consists of laboratory-confirmed
cases of influenza A (HIN1)v from the practices.
The study involved a longitudinal evaluation of
the aspect of the influenza A (HIN1)v vaccination
programme implemented through general practice
in autumn/winter 2009. Primary care practices
were given financial incentives to record and code
additional data electronically, over and above

that routinely recorded for clinical care or as part
of the PTT project, including: HIN1 vaccination
status, age, deprivation status, pregnancy, and,
where it was feasible, health worker status. During
the study period, we assessed the vaccination
uptake in the relevant high-risk populations, i.e.
pregnant women, children (<5 years), health-care
workers and patients with at-risk comorbidities.
For VE using information from linked virological
swab data, a logistic regression model was fitted
adjusting for the effects of gender, age, deprivation
and being in an at-risk morbidity group.
Admission rates to hospital for influenza-related
serious morbidity were determined in vaccinated
and unvaccinated patients, stratified by at-risk
populations, age bands, sex, and socioeconomic
status. VE estimates were derived from Poisson
regression models, adjusting for gender, age,
deprivation and clinical risk group. Influenza-
related serious morbidity in vaccinated and
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unvaccinated patients in the whole population was
calculated according to vaccination status for the
target groups. An adjustment to the standard error
of the estimated effect was made to account for
clustering of patients within practices.

Results

At 25 December 2009, vaccine uptake estimates for
the study population were 12.0% [95% confidence
interval (CI) 11.9 to 12.1]. For those patients

in an at-risk group (n =59,721), the uptake

rate was 37.5% (95% CI 37.1 to 37.9). Amongst
2203 pregnant women (4.3% of women aged
15—44 years) and 1314 health-care workers (0.8%
of working-aged people aged 18-65 years), rates of
vaccine uptake were 33.0% (95% CI 31.0 to 34.9)
and 26.4% (95% CI 24.0 to 28.8), respectively.
More male [odds ratio (OR) 2.67, 95% CI 1.44 to
4.96] health-care workers were vaccinated than
female health-care workers. Among the 1492
patients swabbed, 467 were positive for HIN1,
giving a positivity rate of 31.3% (95% CI 29.0

to 33.7). Among those in a clinical risk group

who were not vaccinated, 41.3% (95% CI 35.6

to 46.9) tested positive for influenza A (HIN1)

v. This represented a significant difference from
the HINT1 positivity percentage among patients
with no clinical risk (p <0.01). Among those
vaccinated and in a clinical risk group, only one
patient (5%, 95% CI 0.3 to 23.6) tested after
vaccination was positive for influenza A (HIN1)

v. By comparing postvaccination swabs in those
who were vaccinated with swabs taken in those who
remained unvaccinated, the VE was found to be
95.0% (95% CI 76.0 to 100.0). There were 2739
admissions to hospital in the study population,

of which 1241 were emergency admissions. All

48 emergency hospitalisations for influenza and
pneumonia occurred in patients who did not
receive the vaccine. VE for single or combined end
points of influenza and pneumonia hospitalisation
for all patients was estimated at 100.0% (95% CI
to 100.0). There were 132 hospitalisations in the
unvaccinated group versus five in the vaccinated
group for cardiovascular-related conditions. There
were 193 hospitalisations in the unvaccinated
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group versus nine in those vaccinated in the group
of patients admitted for influenza, pneumonia,
chronic obstructive pulmonary disease (COPD)
and cardiovascular-related conditions. VE for
cardiovascular-related conditions alone, or in
individuals with influenza, pneumonia COPD and
cardiovascular-related conditions, was 71.1% (95%
CI 11.3 to 90.6) and 64.7% (95% CI 12.0 to 85.8),
respectively.

Implications for practice

Policy-makers and clinicians should be encouraged
that the VE estimates obtained are comparable

to those found for seasonal influenza and should
strengthen the evidence base for health-care
practitioners involved in distributing vaccine

in other countries. Influenza A (HIN1)v
immunisation in primary health care settings is
both effective and widely acceptable, as evidenced
by high uptake rates, and should continue to be the
mainstay of disease prevention for at-risk patients.

Research recommendations

A further analysis encompassing the whole
influenza season is required to encompass more
days of vaccination exposure, which will increase
precision (with resulting narrower confidence
intervals). For pregnant women and under-5-year-
olds, a further study using a greater time period
of exposure is required to calculate and present
meaningful results. A future study that will repeat
this data linkage and allow the calculation of

longer-term VE (in reducing both morbidity and
mortality) should be undertaken later in 2010.

Conclusions

Evidence from swabs submitted from patients in
the cohort presenting with influenza-like illness

in general practice suggests that the introduction
of influenza A (HIN1)v vaccine in Scotland

during 2009 was associated with a high degree

of protection against influenza A (HIN1)v. In
addition, receipt of influenza A (HIN1)v vaccine
was associated with a reduction in both admission
for cardiac-related conditions and for the
combined category of influenza, pneumonia,
COPD and cardiac conditions. Policy-makers ought
to be encouraged that the VE estimates obtained
are comparable to those found for seasonal
influenza. Additionally, as the first large-scale
demonstration of effectiveness in a UK population,
these interim results should help strengthen

the evidence base for health-care practitioners
involved in distributing influenza A (HIN1)v
vaccine in other countries, now that the phased
roll-out has been completed in the UK. Influenza
A (HIN1)v immunisation in the primary health
care setting is both effective and widely acceptable,
as evidenced by high uptake rates, and should
continue to be a mainstay of disease prevention for
at-risk patients. Whether the reduced incidence

of severe complications of influenza will persist or
a reduction in mortality has occurred will only be
apparent when data collected from later in 2010
are analysed.
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Chapter |

Introduction

n the last century, there were three pandemics

(global epidemics) of influenza (1918-19, 1957-
58, 1968-69), with these resulting in considerable
morbidity and mortality; the numbers of deaths
in these pandemics have been estimated at 20-40
million, 1 million and 1 million, respectively.
The lack of herd immunity to the novel influenza
viruses implicated (i.e. HIN1, H2N2 and H3N2) is
believed to have been a key factor contributing to
these very high numbers of deaths.' The influenza
A subtype: HIN1 virus, which emerged in Mexico
in March 2009, was subsequently declared a
pandemic by the World Health Organization in
June 2009.2

In the light of data that incentivised immunisation
programmes delivered in primary health-care
settings being shown to be acceptable (as evidenced
by high uptake rates) and effective in reducing
morbidity and mortality,® and evidence that
seasonal influenza vaccination has been shown

to reduce the risk of hospitalisation and death
from pneumonia or influenza by 27% and 48%
respectively,* the Chief Medical Officer (CMO) for
England and the Department of Health instituted
a targeted vaccination programme.® This was
mirrored in Scotland by the CMO (Scotland) and
Scottish Government. Production of influenza A
(HIN1)v vaccinations began soon after outbreaks

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

in the USA and Europe, with two vaccines being
adopted for the UK national immunisation
programme: Pandemrix (GlaxoSmithKline),
which requires one dose, and Celvapan (Baxter
Healthcare), which requires two doses at least

3 weeks apart. The vaccination process in the UK
began on 22 October 2009 and was initially offered
to frontline health-care workers and pregnant
women; those with underlying health conditions
that may predispose (and in particular people with
respiratory disease) (Table 1) who were at increased
risk of serious illness or death from influenza-

like illness were also targeted in this first phase.

In December 2009, phase II of the immunisation
programme targeted children aged between

6 months and 5 years to receive the vaccination.

Observational studies can be used to estimate

the effectiveness of health-care interventions in
situations where it is unethical and/or not feasible
to mount more rigorous experimental studies,

as is the case in the context of the 2009 HIN1
pandemic.® Building on related pilot work,® we
sought to determine influenza A (HIN1)v vaccine
uptake and effectiveness for 2009 in the Scottish
population using a sentinel surveillance network of
general practices, the Practice Team Information
(PTI) network.
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Chapter 2
Methods

Overview of methods

The impact of the Scottish 2009 pandemic

HI1NT vaccination programme was evaluated

using a retrospective cohort design to study
vaccination effectiveness (VE). This was achieved by
ascertaining the uptake of the influenza A (HIN1)v
vaccine by the relevant at-risk populations, i.e.
patients with relevant comorbidities and pregnant
women, and assessing the reduction in the
expected incidence of influenza-related serious
morbidity. Figure I gives an overview of the study
design and the data sources used.

Setting

The P11 network of 41 general practices covers a
5% broadly representative sample of the Scottish
population (n = 246,368). These practices

receive an annual financial incentive to record
practice data electronically.” Data from practices
within Scotland have shown to be of high quality
and useful for epidemiological research.® The
completeness of capture of contacts and accuracy of

clinical event coding in primary care (using Read
codes) has been found to be above 91%.° Using the
unique Community Health Index (CHI) number,
general practice patient-level data were extracted
and linked to the Scottish Morbidity Record

(SMR) catalogue, which has information on all
inpatient hospitalisations within Scotland [as well
as information on death certification linked from
the General Register Office for Scotland (GROS)]."
Hospital data are reliable from 1981, with
completeness and accuracy rates exceeding 90%."!
We also used the Health Protection Scotland (HPS)
data set, which consists of all laboratory-confirmed
cases of influenza A (HIN1)v from the general
practices. We determined key characteristics of
each identified patient in the cohort: sex, age
(04, 5-14, 1544, 45-64, 65-74 and 75+ years),
socioeconomic status (Carstairs deprivation
category scores'? expressed as deciles: 1 =most
affluent and 10 = most deprived, and quintiles:

1 =most affluent and 5 = most deprived), clinical
at-risk groups (i.e. chronic respiratory disease,
chronic heart disease, chronic kidney disease,
chronic liver disease, chronic neurological disease,
immunosuppression and diabetes) and pregnancy

(Invitation sent to 41 general practices (PTI) j

!

Consent sought from 41 practices to extract medical and
patient identifier information for download and linkage

’

[ Practice medical data (PCCIU; n = 246,368) ]

and hospitalisation data (ISD, n = 62,426)

N

|

[ Laboratory data on HINI status J

(HPS) (n=1492)

/

( Processed database to HPS for linkage and analysis J

|

Vaccine uptake
Vaccine effectiveness

FIGURE | Flow diagram for the VIPER study. HPS, Health Protection Scotland; ISD, Information Services Division; PCCIU, Primary
Care Clinical Informatics Unit; PTI, Practice Team Information (network).
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(at start date of HIN1 vaccination). The practices
were also asked to collect information on health-
care worker status and immunisation (in addition
to information routinely recorded as part of usual
clinical care).

Interventions

The study involved a quantitative evaluation of
the aspect of the HIN1 vaccination programme
implemented through general practice during
2009. General practices were given financial

deprivation status, pregnancy, and, where it was
feasible, health-worker status.

Outcome measures

During 2009, swabbing was undertaken to test
patients for influenza A (HIN1)v as part of a
sentinel swabbing scheme. This was carried out by
the practices on a convenience sampling basis, with
each practice being encouraged to submit around
10 samples per week from patients presenting with
influenza-like illness. To calculate effectiveness,

incentives to record and code additional data
electronically, over and above that routinely
recorded for clinical care or as part of the PTI

patient swab data were linked to the patient data
(from primary and secondary care) using the CHI
number.

project including: HIN1 vaccination status, age,

TABLE | Priority groups for immunisation — Read codes (version 2, 5 byte), medications and hospitalisation outcomes — International
Classification of Disease (I0th revision)

Disease group

Chronic respiratory disease
(including asthma)

Chronic heart disease

Chronic kidney disease

Chronic liver disease

Chronic neurological disease

Immunosuppression

Diabetes

Pregnancy

Influenza hospitalisation
Pneumonia hospitalisation
COPD hospitalisation

CRH

Trauma (including bone

fracture), appendicitis or hernia

hospitalisation

Medical codes

Read codes: H33 and below, H3.., H31.., H32.,, H34.,, H35..,, H36.., H37.., H38.,, H3y..,
H3z..,, C370,, H40.,, H41.., H42..,, H43.,, H44.,, H45.., H46.., H47y0, H48.. H4y.., H4z..,
H5410., H55.., H563., H57.., H583., H591. H592., H593., Hyu3., Hyu40, Hyu4l, Hyu5.

Read codes: G3 and below, G58 and below, G2I and below, G220. G222., G55 and below,
G5yy9, G5yyA, G23 and below, G4l and below, Gl and below, P5 and below, P60 and
below, P6l and below, P62 and below, P63 and below, P64 and below, P65 and below, P66
and below, P67 and below, P68 and below, P6W and below, P6X and below, Péy.., P6yO0.,
Péyl., P6y2., P6y3 and below, P6éyé63, P6y64, P6y6z, P6yy and below, P6z and below, 33BA.

Read codes: 1z12,, 1z13., 1zI3. 1zI5, 1zl6., 1zIB., 1zIC., I1zID., IzIE, IzIF, 1ZIG.,, 1zIH.,
1Z1). 1ZIK., IzIL., KOl and below, K02 and below, KOA3 and below, K05 and below,
KOD.., 7B00 and below, 7B012, 7B0I5, 7B063, 8L50., SP083, TB0OI, ZV420

Read codes: J6..., J61 and below, }62y., |62z., ]6353, J6354, )6355, |6356, |63B., PB6I and
below, PB63 and below, PB6yl

G51.,, G610., Géll., G612, G613., Gél4., G615, Gél6., G618., G61X., G61X0, G61XI,
Gélz.., G63y0, G63yl, G64.., G640. G6400, G641., G6410, G64z., G6420, G64zIl, G6422,
G64z3, G64z4, G66 and below, G6760., G6WV..

Read codes: PKOI., 14N7., 7840 and below, D4154, D4156, 2J30., Drugs: alkylating drugs
cytotoxic antibiotics antimetabolites vinca alkaloids and etoposide, other cytotoxix
drugs, antagonists, cytotoxic immunosuppressants other immunosuppressants, other
antineoplastic agents, leflunomide

Drugs: short-acting insulin preparations, medium/long-acting insulins sulphonylureas,
biguanides repaglinide Rosiglitazone pioglitazone nateglinide short with intermediate-
acting insulins

Read code: 62...
ICDIO:J10,J100,]J101,J108,J11,J110,J111,]118
ICDIO0: J12,)13,]14,)15,)16,]17,)18

ICD10:J40,}41,]42,]43,}44,)45,]46,147,)80,]81,]82,)83,)84,J60,)61,]62,)63,)64,]65,66,)67,/68,
169,70,
ICD10:105,106,107,108,109,110,111,112,113,115,120,121,122,123,124,125,126,127,128,130,131,132,13
3,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,160,161,162,163,16 4
165,166,167,168,169

ICDI0: S, T K35,K36,K37,K38,K40,K41,K42,K43,K44,K45,K46
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We assessed the vaccination uptake in the relevant
populations, i.e. children (<5 years), pregnant
women, health-care workers and patients with at-
risk comorbidities, recorded by general practice
prior to 25 December 2009, and influenza,
pneumonia, chronic obstructive pulmonary
disease (COPD) and cardiovascular-related
hospitalisations (CRHs) (both individually and as
composite outcomes, for emergency admissions
and any admission reason),"” and, for comparison,
hospitalisation for other serious morbidity (e.g.
trauma, appendicitis and hernia) in vaccinated
and unvaccinated patients (1zble 1). For patients
who remained unvaccinated and who had not been
hospitalised, the risk period of interest was 65 days,
1.e. from 21 October 2009 (date of first vaccination
in the data set) to 24 December 2009 (date of

last recorded hospital admission and the study
census end point — the vaccination programme
continued beyond this time). For those who had
been vaccinated, the risk period of interest began
7 days after the vaccination date. [Conventionally,
the seasonal influenza vaccine is thought to require
14 days to establish a protective effect; however,
there is evidence from ongoing studies (involving
HPS and the Health Protection Agency, Colindale)
that 7 days is probably sufficient for the influenza
A (HIN1)v vaccine.] Hospital admissions before
the date of vaccination among those vaccinated
were ignored. For those with an admission, the risk
period ended on admission. This type of analysis
was required so as to ensure that hospitalisations
before vaccination could not be attributed to a
vaccine effect.

Statistical methods

Odds ratios (adjusted for age, sex and deprivation)
were calculated for differences in vaccine uptake
rates between groups of patients. For VE using
information from linked virological swab data, a
logistic regression model was fitted, adjusting for
the effects of gender, age, deprivation and being
in an at-risk morbidity group. Some of these
patients did not receive the influenza A (HIN1)v
vaccine, some received the vaccine (but after they
were tested) and some received the vaccine before
they were tested. We therefore measured VE first

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

by comparing swabs taken after vaccination with
swabs taken before vaccination for all vaccinated
individuals, and second, by comparing swabs
taken after vaccination among those vaccinated
with swabs taken among those never vaccinated.

A delay of 7 days after vaccination was used to
establish a protective effect of the influenza A
(HIN1)v vaccine. Confidence intervals for the rate
ratio (RR) and tests of the differences between two
rates were carried out using the ‘MIDP method’

in the ‘RR’ function and rate2by2.test function
respectively, using the ‘epitools’ package in r." For
small samples, confidence intervals for the RR were
estimated using the EXceL workbook.'

Illness RRs are the ratio of the rate of first
admission to hospital in the vaccinated compared
with the rate of first admission to hospital among
those who did not receive the vaccine. This is a
direct measure of VE. The unadjusted estimate

of VE=(1-RR)x 100. Adjusted RRs of VE for
prevention of first hospitalisation were derived
from Poisson regression models, adjusting for
gender, age, deprivation and clinical risk group. An
adjustment to the standard error of the estimated
effect to account for clustering of patients within
practices was carried out using the ‘survey’ package
in R. Statistical analysis was carried out using R
version 2.9.0.

Summary of changes to the
project protocol

We were unable in this interim analysis to calculate
rates of mortality in vaccinated and unvaccinated
patients, as only confirmed deaths prior to 30
September 2009 were available. A definitive
analysis with a repeat linkage to SMR and HPS
records will be required later in 2010.

We planned to use the ‘Farrington’ method, as
detailed in our original project protocol, as we
were confident of at least obtaining practice-level
vaccination uptake data.® We were fortunate,
however, to be able to obtain individual patient-
level data and so could use the more robust cohort
method as described in the statistical methods
section above.
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Chapter 3

Results

We recruited all 41 PTT practices with a
combined list size of 246,368 patients. As
only one practice software system, GPass, was

used for the study, the general practitioner (GP)
practices in this study are not representative of the
spatial distribution of the population of Scotland.
There was an under-representation of practices
from the north-east of Scotland, in particular
Orkney, Grampian and Tayside areas (where
practices tend to use other GP software systems).
There was also a preponderance of practices in
west and central Scotland, which have higher levels
of socioeconomic deprivation (1able 2).

Overall, 24.2% individuals (n = 59,721) were
deemed to be in the at-risk category on the basis of
existing illnesses; 4.3% (n =2203) of 15- to 44-year-
old women (n = 51,404) were found to be pregnant
and 0.8% (n =1314) of people of working age
(18-64 years inclusive, n = 159,873) registered with
the practices worked for the NHS (Table 2).

Vaccine uptake

Influenza A (H1N1)v vaccine uptake estimates for
the whole population as obtained at 25 December
2009 were 12.0% (95% CI 11.9 to 12.1) (Tuble 2).
These uptake estimates reflect the early stage

of the HIN1v vaccination programme, which
continued into 2010. For those patients in an at-
risk comorbidity group, the uptake rate was 37.5%
(95% CI 37.1 to 37.9). Men and younger people
(outwith the youngest age group 0—4 years) were
less likely to take up the vaccine than women,
infants and older adults (Zable 3). Uptake rates
among pregnant women and health-care workers
can be found in Table 2. More male [odds ratio
(OR) 2.67, 95% CI 1.44 to 4.96] and older (45- to
64-years-olds; 1.67, 95% CI 0.87 to 3.19) health-
care workers were vaccinated than female and
younger (16- to 44-year-old) health-care workers.

Virology

Among the 1492 patients swabbed, 467 were
positive for HIN1, giving an influenza A
(HINI)v positive rate of 31.3% (95% CI 29.0 to

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

33.7). Out of the 1492 patients, 1301 (87.2%; 95%
CI 85.5 to 88.9) were never vaccinated, 160 (10.7%;
95% CI 9.2 to 12.3) were swabbed before being
vaccinated, and 31 (2.1%; 95% CI 1.4 to 2.8) were
tested after vaccination. The ORs in Table 4 show
that during the study period those who were in a
clinical risk group had an 82.0% (95% CI 37.0 to
141.0) increase in the odds of being positive for
HINI1 compared with those with no clinical risk
group. Those in age groups of less than 45 years of
age were more likely to test positive for HIN1.

Only one vaccinated patient swabbed after their
vaccination tested positive for influenza A (HIN1)v
(Table 5). For patients not vaccinated during the
study period more patients within a clinical at-risk
comorbidity group tested positive for HIN1 than
those outwith the clinical at-risk groups (p <0.01).

Comparing swabs taken after vaccination with
swabs taken before vaccination for all vaccinated
individuals, there was a VE of 70.0% (95% CI
-58.0 to 98.0). By comparing swabs taken after
vaccination among those vaccinated with swabs
taken among those never vaccinated, the VE was
found to be 95.0% (95% CI 76.0 to 100.0). The
former vaccine effect is estimated with much lower
precision, as it is based upon fewer cases.

Influenza A (HINI)v
vaccination effectiveness

During the study period there were 2739
admissions to hospital in our cohort, of which

1241 were emergency admissions. All emergency
hospitalisations for influenza and pneumonia
occurred in patients who did not receive

the vaccine (Table 6). Patients with an at-risk
comorbidity were 12 times more likely to be
hospitalised than not-at-risk patients for the
composite outcome: influenza, pneumonia, COPD
and CRH (0.43 versus 5.18 per 100,000 person-
days). Patients who were at risk and vaccinated were
less likely than their unvaccinated counterparts

to be admitted into hospital for the composite
outcome. Vaccinated patients were more likely to be
admitted to hospital for trauma.
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TABLE 2 Influenza A (HINI)v vaccine uptake by groups

Sex
Female
Male

Total patients (%
within category)

124,177 (50.4)
122,193 (49.6)

Age group (years)

0-4
5-34
35-49
50-64
65-74
275

13,245 (5.4)
25,932 (10.5)
103,888 (42.2)
64,823 (26.3)
20,625 (8.4)
17,855 (7.2)

Deprivation decile

0 N O L1 A W DN

9
10

Pregnant
women

Health-care
worker

Statistically significant findings consistent with
protection in recipients of influenza A (HIN1)v
vaccine were evident in the adjusted VE seen for

15,538 (6.3)
11,594 (4.7)
12,818 (5.2)
11,693 (4.7)
38,742 (15.7)
28,558 (11.6)
43,324 (17.6)
18,111 (7.4)
41,831 (17.0)
24,159 (9.8)
2203 (4.3)

1314 (0.8)

No. with at least one
at-risk comorbidity
group, n (%, 95% CI)

30,400 (24.5, 24.2 to 24.7)
29,321 (24.0, 23.8 to 24.2)

434 (3.3,3.0 to 3.6)
3951 (15.2, 14.8 to 15.7)
17,666 (17.0, 16.8 to 17.2)
16,101 (24.8, 24.5 to 25.2)
10,089 (48.9, 48.2 to 49.6)
6375 (64.3, 63.6 to 65.0)

3413 (22.0, 21.3 to 22.6)
2277 (19.6, 18.9 to 20.4)
3194 (24.9, 24.2 to 25.7)
2511 (21.5,20.7 to 22.2)
8996 (23.2, 22.8 to 23.6)
7281 (25.5, 25 to 26)
11,318 (26.1, 25.7 to 26.5)
4430 (24.5, 23.8 to 25.1)
10,459 (25, 24.6 to 25.4)
5842 (24.2, 23.6 to 24.7)
360 (16.3, 14.9 to 17.9)

347 (26.4, 24.0 to 28.8)

emergency admissions with a CRH alone, or in

Vaccine uptake for not-
at-risk comorbidity
group, n (%, 95% CI)

4823 (5.1,5.0 t0 5.3)
2356 (2.5, 2.4 to 2.6)

384 (3.0, 2.7 to 3.3)
288 (1.3, 1.2 to 1.5)
2674 (3.1,3.0 t0 3.2)
2571 (5.3, 5.1 to 5.5)
767 (7.3, 6.8 to 7.8)
495 (7.8, 7.1 to 8.4)

511 (4.2, 3.9 to 4.6)
248 (2.7, 2.4 to 3)

572 (5.9, 5.5 to 6.4)
222 (2.4, 2.1 to 2.8)
1060 (3.6, 3.4 to 3.8)
963 (4.5, 4.3 to 4.8)
1299 (4.1, 3.8 to 4.3)
438 (3.2, 2.9 t0 3.5)
1288 (4.1, 3.9 to 4.3)
578 (3.2, 2.9 to 3.4)
575 (31.2, 29.1 to 33.4)

229 (23.6, 21.0 to 26 .4)

Vaccine uptake for
at-risk comorbidity
group, n (%, 95% CI)

11,557 (38.0, 37.5 to 38.6)
10,840 (37.0, 36.4 to 37.5)

207 (47.7, 43.0 to 52.4)
1166 (29.5, 28.1 to 31.0)
4006 (22.7, 22.1 to 23.3)
7933 (49.3, 48.5 to 50.0)
4946 (49.0, 48.0 to 50.6)
4139 (36.1, 35.2 to 36.9)

1549 (45.4, 43.7 to 47.1)
694 (30.5, 28.6 to 32.4)
1381 (43.2, 41.5 to 45)
842 (33.5, 31.7 to 35.4)
3302 (36.7, 35.7 to 37.7)
2704 (37.1, 36 to 38.3)
4310 (38.1, 37.2 to 39)
1358 (30.7, 29.3 to 32)
3980 (38.1, 37.1 to 39)
2277 (39.0, 37.7 to 40.2)
151 (41.9, 37.0 to 47.1)

118 (34.0, 29.0 to 39.0)

preventing an emergency admission for any one or
more of influenza and pneumonia plus COPD and
CRH (for all patients) (Zable 7).
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TABLE 3 0Odds ratios of receiving influenza A (HINI)v vaccine

amongst patients in the at-risk comorbidity group

OR 95% ClI
Gender
Females 1.00
Males 0.96 0.92 to 0.99
Age group (years)
0-4 1.00
5-14 0.46 0.35to0 0.60
15-44 0.32 0.24 to 0.43
45-64 1.06 0.76 to 1.47
65-74 1.05 0.71 to 1.54
275 0.6l 0.42 to 0.90
Socioeconomic status®
Quintile | 1.00
Quintile 2 0.93 0.55to 1.58
Quintile 3 0.86 0.47 to 1.59
Quintile 4 0.84 0.56 to 1.27
Quintile 5 0.92 0.56 to 1.52
a Carstairs deprivation quintiles — I: most affluent.

TABLE 5 Virology result in relation to influenza A (HINI)v vaccine status and clinical at-risk group

Description

No clinical risk group
No vaccination
Vaccinated: swabbed after vaccination

Vaccinated: swabbed before vaccination

At least one clinical risk group
No vaccination
Vaccinated: swabbed after vaccination

Vaccinated: swabbed before vaccination

influenza A (HINI)v virus

Description

At-risk comorbidity

No
Yes

Gender
Female
Male

Age group (years)
0-4

5-14

15—44

45-64

65-74

=275

1.00
1.82

1.00
1.00

1.00
3.87
1.48
0.95
0.21

0.08

Deprivation quintile

o A W N —

1.00
0.91
1.06
0.92
091

Swab test result for HINI

Total tested (N)

996
I
31

305
20
129

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

TABLE 4 Adjusted odds ratio of being tested positive for

Adjusted OR 95% CI

1.37 to 2.41

0.79 to 1.27

2.65t0 5.72
1.05 to 2.10
0.95 to 1.46
0.05 to 0.6
0.00 to 0.37

0.54 to 1.52
0.67 to 1.69
0.58 to 1.48
0.58 to 1.44

Positive, n (%, 95% CI)

323 (32.4, 29.6 to 35.4)
0 (0.0, 0.0 to 25.9)
0 (0.0, 0.0 to 11.0)

126 (41.3, 35.6 to 46.9)
(5.0, 0.3 to 23.6)
17 (13.2, 8.4 to 20.1)
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TABLE 7 Vaccine effectiveness in reducing emergency admissions to hospital for all patients

Description

Influenza

Pneumonia

COPD

CRH

Influenza and pneumonia

Influenza, pneumonia and COPD
Influenza, pneumonia, COPD and CRH

Unadjusted vaccine effectiveness, Adjusted vaccine effectiveness,
% (95% CI) % (95% CI)*

100.00 (~ to 100.00) 100.00 (~ to 100.00)

100.00 ( to 100.00) 100.00 (= to 100.00)
—144.01 (-526.65 to 4.98) 40.61 (-57.91 to 77.66)

11.84 (-167.58 to 70.79) 71.11 (11.26 to 90.59)

100.00 (~ to 100.00) 100.00 (~ to 100.00)

—28.02 (—223.79 to 49.38) 59.46 (-5.79 to 84.46)

—10.61 (—169.34 to 54.41) 64.69 (12.04 to 85.82)

a Adjusted for age, sex, deprivation and at-risk comorbidity, and clustering of patients within practices.

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.
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Chapter 4

Discussion

During the immediate period after

the introduction of the influenza A

(HIN1)v vaccination, more than one-third of
patients registered in primary care with PTI
practices and deemed to have an at-risk comorbidity
were vaccinated for influenza A (H1N1)v. However,
men and younger patients (outwith the 0—4 years
age group) were less likely to be vaccinated. Our
interim results suggest that during the study period,
the vaccine seems to have been particularly effective
for people with an at-risk comorbidity. This is
reassuring as they were also more likely to be tested
positive for having influenza A (HIN1)v (when
compared with those not at risk) and to be at

much higher rates of hospitalisation for severe
complication of influenza. Of the patients tested
using swabs after their vaccination, only one tested
positive for influenza A (HIN1)v.

Our findings indicate that our estimated

influenza A (HIN1)v VE is at least comparable

to the seasonal influenza vaccine in preventing
hospitalisation admission for: influenza and/

or pneumonia (27%),'® influenza-like illness

(27%) in all patients,* acute respiratory disease

and cardiovascular disease (97%) in high-risk
patients,'” and medically attended acute respiratory
illness in children (18% in those aged 18 months
to 18 years).'" As expected, overall uptake rates

of vaccine reported in this study were similar

to those reported by HPS in similar practices."
However, rates of vaccine uptake for health-

care workers in occupational settings were lower
than those reported by HPS, which relied on
occupational health services reporting (as opposed
to information captured by the practices). This
under-reporting probably reflects a partial success
in practices recording of occupational status on
patients records, and therefore any inference

from the occupational data should be treated with
caution. Our findings that females and, outwith
the youngest age group (0—4 years), older patients
were more likely to be vaccinated is similar to other
studies looking at uptake of vaccines by different
groups.? This is likely to be due to greater levels of
perceived susceptibility to, and perceived severity
of, influenza A (HIN1)v and a greater belief in

the effectiveness of recommended behaviours to
protect against the disease. There is also evidence

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

that greater levels of state anxiety and greater trust
in authorities are associated with increased vaccine
uptake. Our finding that the vaccine seemed to

be particularly effective in patients with an at-

risk comorbidity endorses the targeted approach
advised by the Joint Committee on Vaccination
and Immunisation and adopted by the CMOs

for England, Northern Ireland, Scotland and
Wales and their respective Government Health
Departments/Directorates.®

There are benefits as well as drawbacks to the
evaluation of an influenza vaccine campaign
based on just a single postimplementation season.
Retrospective ascertainment of vaccination status
is less dependable, of course, than prospective
clarification, but the use of GP records is more
reliable than self-reporting methods,?! as is the
electronic recording of uptake rates in the sample
PTI population. Also, the relatively small size of the
Scottish population makes it feasible to centrally
collate almost all cases of HIN1 disease, allowing
for completeness of reporting. Observational
studies can be used to assess the effects of health-
care interventions without influencing the care
that is provided or the patients who receive

it;% therefore, when used in the assessment of
vaccination programmes they have high external
validity and broad generalisability. However, non-
randomised studies, such as the current evaluation,
are limited by the extent to which there may

be dissimilarities between vaccinated and non-
vaccinated persons, in both their likelihood of
receiving vaccination and in their subsequent care
and follow-up. Our findings that at-risk patients
who received the vaccine were more likely to be
admitted for a trauma-associated emergency (and
were possibly more likely to be frail, thus leading
to negative confounding) than those who did not
may mean that there is some underestimate of VE.
A further assessment of the possible impact of any
bias caused by the preferential receipt of vaccine
by relatively healthy individuals will need to be
checked, however, outside the influenza season.??
The results from the single outcome of emergency
admission for cardiovascular-related illness or

the use of the composite outcome: influenza,
pneumococcal disease, COPD and cardiovascular
disease should also be treated with some caution
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as it may have led to a healthy vaccine effect.

For instance, within the high-risk group those at
lower risk of heart disease or those who do not
smoke (and hence are less likely to have COPD)
may be more likely to be vaccinated. However,

it is of note that other authors have considered
the role of influenza in the generation of cardiac-
related conditions and debated its contribution to
the excess mortality observed each winter during
the annual influenza season.?**® The lack of a
recorded vaccination amongst health-care workers
(which was probably carried out in occupational
settings) may have biased the estimation of VE
towards zero. The fact that PTT is based on a small
sample of practices in Scotland means that the
data collected may be subject to fluctuations as a
result of any factors that have an impact locally,
such as changes to the way that PTI practices
manage their services.” However, apart from a

reduction in precision, it is unlikely that the small
sample size, or other associated factors, will have a
substantial impact on the overall estimates of VE. A
convenience sampling approach was used to collect
data on patient HIN1 virological status rather than
a more systematic sampling approach. This was
adopted in recognition that the implementation of
a surveillance programme could not affect routine
clinical practice. Conventionally, the seasonal
influenza vaccine is thought to require 14 days

to establish a protective effect; however, there is
evidence from ongoing studies (involving HPS

and the Health Protection Agency, Colindale), that
7 days is probably sufficient for the influenza A
(HIN1)v vaccine. A sensitivity analysis using the
14-day cut-oft period was carried out with similar
estimates of vaccine effect being found (results not
presented).
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Chapter 5

Implications for practice

Policy-makers and clinicians should be
encouraged that the VE estimates obtained are
comparable to those found for seasonal influenza,
which should strengthen the evidence base for
health-care practitioners involved in distributing
vaccine in other countries.

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

Influenza A (HIN1)v immunisation in primary
health-care settings is both effective and widely
acceptable as evidenced by high uptake rates, and
should continue to be the mainstay of disease
prevention for at-risk patients.

337






Health Technology Assessment 2010; Vol. 14: No. 34, 313-346

Chapter 6

Research recommendations

Study time constraints resulting from the
unexpected ‘slow-burn’ nature of the second
wave of influenza A (HIN1)v and the later than
expected roll-out of the vaccine meant that this
analysis was limited to studying only the short-
term effectiveness of the influenza A (HIN1)v
vaccine. A further analysis encompassing the whole
influenza season is required to cover more days of
vaccination exposure, which will increase precision
(with resulting narrower confidence intervals).
Also, for pregnant women and under-5-year-

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

olds, a further study using a greater time period
of exposure is required to calculate and present
meaningful results. We were also unable, in this
study, to estimate whether the vaccine was effective
in reducing mortality (as only mortality data for
the prevaccination period were available). A future
study that repeats this data linkage and allows the
calculation of longer-term VE (in reducing both
morbidity and mortality) should be undertaken
later in 2010.

339






Health Technology Assessment 2010; Vol. 14: No. 34, 313-346

Chapter 7

Conclusions

Evidence from swabs submitted from patients
in the cohort presenting with influenza-

like illness in general practice suggests that the
introduction of influenza A (HIN1)v vaccine in
Scotland during 2009 was associated with a high
degree of protection against influenza A (HIN1)v.
In addition, receipt of influenza A (H1N1)v vaccine
was associated with a reduction in both admission
for cardiac-related conditions and for the combined
category of influenza, pneumonia, COPD and
cardiac conditions. Policy-makers ought to be
encouraged that the VE estimates obtained are
comparable to those found for seasonal influenza,
and this possibly reflects the suitability of primary

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

care as a means of delivery. Additionally, as the

first large-scale demonstration of effectiveness in a
UK population, the results should strengthen the
evidence base for health-care practitioners involved
in distributing vaccine in other countries. Influenza
A (HIN1)v immunisation in primary health-care
settings is both effective and widely acceptable,

as evidenced by high uptake rates, and should
continue to be the mainstay of disease prevention
for at-risk patients. Whether the reduced incidence
of severe complications of influenza or death will
persist will be apparent only when data from later
in 2010 are analysed.
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