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Abstract

Background: The universal paediatric live attenuated influenza vaccine (LAIV) pro-
gramme commenced in the United Kingdom (UK) in 2013/2014. Since 2014/2015,
all pre-school and primary school children in Scotland and Northern Ireland have
been offered the vaccine. England and Wales incrementally introduced the pro-
gramme with additional school age cohorts being vaccinated each season. The
Republic of Ireland (ROI) had no universal paediatric programme before 2017. We
evaluated the potential population impact of vaccinating primary school-aged
children across the five countries up to the 2016/2017 influenza season.

Methods: We compared rates of primary care influenza-like illness (ILI) consultations,
confirmed influenza intensive care unit (ICU) admissions, and all-cause excess mortal-
ity using standardised methods. To further quantify the impact, a scoring system was
developed where each weekly rate/z-score was scored and summed across each
influenza season according to the weekly respective threshold experienced in each
country.

Results: Results highlight ILI consultation rates in the four seasons’ post-programme,
breached baseline thresholds once or not at all in Scotland and Northern Ireland; in
three out of the four seasons in England and Wales; and in all four seasons in ROI.
No differences were observed in the seasons’ post-programme introduction between
countries in rates of ICU and excess mortality, although reductions in influenza-
related mortality were seen. The scoring system also reflected similar results overall.
Conclusions: Findings of this study suggest that LAIV vaccination of primary school
age children is associated with population-level benefits, particularly in reducing

infection incidence in primary care.

On 01/04/2020, Health Protection Scotland became part of Public Health Scotland.
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1 | INTRODUCTION

Traditional seasonal influenza vaccination campaigns in the
United Kingdom (UK) and the Republic of Ireland (ROI) routinely tar-
geted those at higher risk of severe disease; those aged 265 year olds,
individuals aged between 6 months and 64 years in a clinical risk
group; and those pregnant women plus frontline healthcare workers
to protect both themselves and their vulnerable patients.>?

In 2012, following recommendations by the UK Joint Committee
on Vaccination and Immunisation (JCVI), the introduction of a univer-
sal paediatric influenza vaccination programme commenced with the
ultimate vision to vaccinate all children aged 2 to 16 years of age in
the UK through the incremental phased roll-out of a newly licensed
live attenuated influenza vaccine (LAIV).2 The programme was intro-
duced based on the projected direct and indirect beneficial impact of
vaccinating school age children on the wider population on reducing
influenza transmission.* Observational data on such indirect reduc-
tions are however limited to individual country assessments in the UK
and elsewhere.>™?

The programme began in 2013/2014 with all countries of the UK
initially offering vaccine to all children aged 2 to 3 years with Wales
additionally offering the vaccine to children of School Year 7 age. In
England, a series of geographically discrete pilot areas offered influ-
enza vaccine to all children of primary school age. The following year
in 2014/2015, the programme was further extended to include all
children aged 2 to 4 years across the UK, with England continuing its
pilot programme and Wales continuing to offer LAIV to all children
aged 2 to 4 years and those at School Year 7 age. Scotland and
Northern Ireland, on the other hand, started vaccinating all primary
school-aged children (5 to 11 years) in 2014/2015. In 2015/2016, the
programme was extended to all children of School Years 1 and 2 in
England and Wales (where the offer of LAIV to children of School
Year 7 age was withdrawn); this was further extended to include all
children of School Year 3 in 2016/2017. Over this same period, the
vaccination of all primary school age children continued in Scotland
and Northern Ireland. Uptake of the LAIV vaccine amongst primary
school age children, besides involving additional age cohorts, has been
higher in Scotland and Northern Ireland (73.0% and 78.3%, respec-
tively, in children aged 4-11 years) in 2016/2017 compared with
England and Wales (55.4% in children aged 5-8 years and 66.9% in
children aged 4-7 years, respectively) in 2016/2017.1°

During the period 2013/2014 to 2016/2017, the ROI had not yet
introduced the universal paediatric influenza vaccination; the influ-
enza vaccine programme included high-risk groups.

This differential roll-out of the paediatric programme across these
five countries provided a unique opportunity to compare the indirect
and overall effects of vaccinating children on the epidemiology of

influenza across the UK and ROI across several seasons.

A number of approaches have been developed over the years to
standardise the monitoring of influenza surveillance across countries,
in particular the World Health Organization Pandemic Influenza
Severity Assessment (WHO PISA) initiative, which looks to describe
influenza activity and impact and to use this to inform national and
global risk assessments more uniformly.’* The present study aims to
use established methods to determine potential differences in the
impact of the paediatric influenza vaccination programmes on influ-
enza between countries of the UK and the ROI.

This study assesses the overall and indirect impact of vaccinating
primary school age children with influenza vaccine by comparing the
epidemiology of influenza in the UK and ROI where varying vaccine
strategies were implemented using a range of primary care, secondary

care and mortality indicators.

2 | METHODS

Countries of the UK and the ROI were categorised according to the
delivery method of their respective paediatric vaccination programme
(Figure 1).

The study periods were defined as the pre-programme (pre-vac-
cine) period including seasons between 2010/2011 and 2012/2013
and the post-programme (post-introduction of the vaccine) period
including seasons between 2013/2014 and 2016/2017.

The following WHO PISA surveillance indicators were used to
assess the activity and impact of the programme in all five

countries!?:

1. The activity indicator used in primary care was general practice
(GP) influenza-like illness (ILI) consultation rates.

2. The impact indicator used in secondary care was intensive care
unit/high-dependency unit (ICU/HDU) admission rates.

3. The mortality indicators used were all-cause and influenza-

attributable excess mortality.

All data were categorised and analysed in the following age categories:
all ages, less than 15 year olds, 15-64 year olds and 265 year olds.

21 | Statistical methods

211 | Moving epidemic method model

For primary and secondary care indicators, the moving epidemic
method (MEM) model was used to calculate five standardised thresh-
olds (baseline, low, moderate, high and very high) for each respective

country to enable comparison between countries. This method has
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FIGURE 1 Map of the UK
and Republic of Ireland (ROI)
representing the different
paediatric influenza vaccination
schemes.

7
Northern
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Republic
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been well-established to standardise surveillance outputs, particularly
in Europe.!? Comparisons were made based on the 2016/2017 sea-
son's MEM thresholds using the available data from each country
(Tables 1 and 2).

All MEM threshold calculations were carried out using the MEM
model package in R version 4331

212 | EuroMOMO and FluMOMO models

Mortality indicators were assessed using empirical thresholds based
on the analysis of the EuroMOMO algorithm outputs; where the
baseline threshold was defined as <2 z-score, the low threshold as
2 to <6 z-score, the moderate thresholds as 6 to <10 z-score, the
high threshold as 10 to 16 z-score and the very high threshold as
>16 z-score. The same threshold values were applied to all age groups.
The EuroMOMO model aims to provide weekly excess all-cause

England

All primary school children vaccinated

Primary school children (aged 4 to 8/9 years)
vaccinated

NoO childhood vaccine programme

mortality estimates using a time series Poisson regression model whilst
taking into account trends, seasonal variation and corrections for
delays.’* Z-scores from the model outputs were used to determine
thresholds. Thresholds were applied to the weekly excess estimates for
comparisons across countries.

Influenza-attributable mortality rates were also calculated using
the FlIuUMOMO algorithm, a multiplicative Poisson regression time
series model with overdispersion.2>*¢ The FluMOMO algorithm was
run over six seasons (2011/2012 to 2016/2017).

All mortality models (EuroMOMO and FIuUMOMO version 4.2)
were run in STATA 13.

2.1.3 | Scoring system

To further quantify the impact, a scoring system was set up where

each weekly rate/z-score was scored and summed across each
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TABLE 1 Comparison of (a) GP ILI consultations schemes and (b) 2016/2017 MEM thresholds (overall and by age groups) for individual UK countries and ROL.
(@)

D
S
t
N
Health Protection Scotland Public Health Agency Northern RCGP (England) Public Health Wales HSE (Ireland)
Ireland 2
Influenza iliness definition ILI Influenza and ILI ILI ILI ILI F
recorded m
Historical data used 10 seasons (2005/06 10 seasons (2005/06 10 seasons (2005/06 6 seasons (2010/11 10 seasons (2005/06 -<
for MEM to 2015/16, excl. to 2015/16, excl. 2009/10) to 2015/16, excl. to 2015/16, excl. to 2015/16, excl.
2009/10) 2009/10) 2009/10) 2009/10)
Proportion of population 98% (all GP practices) 98% (all GP practices) 2% (sentinel network of 100% (all GP practices) Sentinel network (ICGP) of
covered ~200 GP practices) around 60 GP practices
(b)
GP ILI MEM thresholds, 2016/2017 Scotland Northern Ireland England* Wales* ROI*
All ages Baseline threshold <36.1 <479 <14.3 <10.7 <17.7
Low 36.1to <51.2 47.9 to <66.3 14.3 to <26.2 10.7 to <15.6 17.7 to <58.7
Moderate 51.2to <235.6 66.3 t0 <193.6 26.2 to <73.5 15.6 to <43.8 58.7 to <113.2
High 235.6 to <462.6 193.6 to <310.9 73.5to0 <116.1 43.8 to <69.2 113.2 to <151.3
Very high 462.6+ 310.9+ 116.1+ 69.2+ 151.3+
<15 years Baseline threshold <10.6 <254 <11.0 <6.7 <16.8
Low 10.6 to <14.5 25.4 to <34.0 11.0to <164 6.7 to <10.5 16.8 to <54.7
Moderate 14.5 to <68.4 34.0 to <107.6 16.4 to <51.9 10.5 to <34.0 54.7 to <130.3
High 68.4 to <136.0 107.6 to <179.1 51.9 to <86.3 34.0 to <57.2 130.3 to <191.1
Very high 136.0+ 179.1+ 86.3+ 57.2+ 191.1+
15-64 years Baseline threshold <20.4 <27.9 <14.5 <104 <20.1
Low 20.4 to <34.5 27.9 to <50.3 14.5 to <25.0 104 to <17.2 20.1 to <53.4
Moderate 34.5to <112.9 50.3 to <131.0 25.0 to <63.9 17.2 to <52.0 53.4to <120.1
High 112.9 to <190.6 131.0 to <200.0 63.9 to <96.7 52.0 to <84.9 120.1 to <171.9
Very high 190.6+ 200.0+ 96.7+ 84.9+ 171.9+
65 + years Baseline threshold <153 <28.2 <115 <74 <17.7
Low 15.3 to <21.2 28.2 to <36.8 11.5to <13.6 7.41t0<9.2 17.7 to <30.7
Moderate 21.2 to <48.8 36.8 to <65.4 13.6 to <29.4 9.2t0 <229 30.7 to <59.6
High 48.8 to <70.5 65.4 to <84.3 29.4 to <41.3 22.9 to <34.2 59.6 to <80.0
Very high 70.5+ 84.3+ 41.3+ 34.2+ 80.0+ %
z
Abbreviations: GP, general practice; ILI, influenza-like iliness; MEM, moving epidemic method; ROI, Republic of Ireland. >
*Thresholds for <15 years, 15-64 years and 65 + years for Scotland, Northern Ireland, England, Wales and ROI are based on 6 seasons’ data. g
$
<
m
b3
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TABLE 2 Comparison of (a) ICU/HDU schemes and (b) 2016/2017 MEM thresholds (overall and by age groups) for individual UK countries

and ROL.
(@)
Health Protection Public Health Agency USISS (England) Public Health Wales HSE (Ireland)
Scotland Northern Ireland
Admission type ICU admissions only ICU/HDU admissions ICU/HDU admissions ICU admissions only ICU admissions only
recorded
Historical data 5 seasons (2011/12 5 seasons (2011/2012 5 seasons (2011/2012 5 seasons (2011/2012 5 seasons (2011/2012
used for MEM to 2015/2016) to 2015/2016) to 2015/2016) to 2015/2016) to 2015/2016)
Proportion of 100% (ONS 100% (ONS population ~ 100% (ONS 100% (ONS 100% (CSO
population population estimates) population population population
covered estimates) estimates) estimates) estimates)
(b)
ICU/HDU MEM thresholds, 2016/2017 Scotland Northern Ireland England Walest ROI
All ages Baseline threshold <0.04 <0.10 <0.06 <0.09 <0.03
Low 0.04 to <0.12 0.10 to <0.27 0.06 to <0.10 0.09 to <0.11 0.03 to <0.10
Moderate 0.12 to <0.41 0.27 to <0.51 0.10 to <0.31 0.11 to <0.37 0.10 to <0.33
High 0.41 to <0.71 0.51 to <0.64 0.31 to <0.52 0.37 to <0.50 0.33 to <0.56
Very high 0.71+ 0.64+ 0.52+ 0.50+ 0.56+
<15 years Baseline threshold <0.09 <0.07 <0.10
Low 0.09 to <0.15 0.07 to <0.11 0.10 to <0.15
Moderate 0.15 to <0.36 0.11 to <0.27 0.15 to <0.36
High 0.36 to <0.46 0.27 to <0.41 0.36 to <0.47
Very high 0.46+ 0.41+ 047+
15-64 years Baseline threshold <0.05 <0.05 <0.03
Low 0.05 to <0.13 0.05 to <0.08 0.03 to <0.10
Moderate 0.13 to <0.28 0.08 to <0.30 0.10 to <0.29
High 0.28 to <0.36 0.30 to <0.52 0.29 to <0.38
Very high 0.36+ 0.52+ 0.38+
65 + years Baseline threshold <0.06 <0.07 <0.14
Low 0.06 to <0.26 0.07 to <0.14 0.14 to <0.36
Moderate 0.26 to <0.59 0.14 to <0.44 0.36 to <0.87
High 0.59 to <0.76 0.44 to <0.72 0.87 to <1.14
Very high 0.76+ 0.72+ 1.14+

Abbreviations: CSO, Central Statistics Office; HDU, high-dependency unit; ICU, intensive care unit; MEM, moving epidemic method; ONS, Office for

National Statistics; ROI, Republic of Ireland.

*Shaded cells in the table represent age groups for which MEM thresholds could not be calculated, due to small numbers.

season (from Week 40 to 20) according to the weekly threshold
experienced. The scores for each threshold band were assigned as
follows: O = below baseline; 1 = low threshold; 2 = medium threshold;
3 = high threshold; and 4 = very high threshold (Figure 2). Scores for
the pre-programme period were averaged from the overall
season scores between 2010/2011 and 2012/2013 seasons for
the primary care indicator and between 2011/2012 and
2012/2013 seasons for secondary care and mortality indicators.
Scores for the post-programme period were averaged from the
overall season scores between 2013/2014 and 2016/2017

seasons.

2.2 | Datasources

2.2.1 | Primary care indicator

GP influenza/ILl consultation rates per 100,000 were collected
weekly from the 2010/2011 to the 2016/2017 seasons via auto-
mated/semiautomated extractions from GP systems, from the follow-
ing previously described primary care schemes in the UK: the Oxford
Royal College of General Practitioners (RCGP) Research and Surveil-
lance Centre (RSC) for England, Health Protection Scotland, Public
Health Agency Northern Ireland, Public Health Wales and Health
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Service Executive-Health Protection Surveillance Centre (HSE-HPSC)
in Ireland.t”~2°

MEM thresholds for the 2016/2017 season were calculated
based on the availability of the data in each country and applied

across all historical data (Table 1).

2.2.2 | Secondary care indicator
Weekly laboratory-confirmed influenza admissions to ICU/HDU were
collated from 2011/2012 to 2016/2017 from each country using
their respective ICU surveillance systems. ICU/HDU admission rates
were then calculated using each country’s annual population data
available from the Office for National Statistics (ONS) for the
countries of the UK and from the Central Statistics Office (CSO) for
the ROI.2%22

MEM thresholds for the 2016/2017 season were calculated
based on the availability of the data in each of the countries and
applied across all historical data (Table 2).

2.2.3 | Mortality indicator

The national weekly number of all-cause death registrations from
week 40,2011 up to week 202,017 was collected for each country
and computed into the EuroMOMO model to produce excess all-
cause mortality estimates in the form of z-scores.

To determine influenza-attributable deaths, in addition to the
weekly number of all-cause death registrations, weekly influenza
activity (IA = influenza/ILI rate (per 100,000 population) x overall
positivity (%)) and extreme temperature data for each country were
inputted into the FluUMOMO model.2>1¢

3 | RESULTS

Overall, notable differences were observed between countries

that offered the LAIV programme to all primary school-aged

(A)

a
3
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D
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=]
3
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3
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Rate per 100,000
Number of deaths
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Baseline threshold,

0
40414243444546474849505152 1 2 3 4 56 7 8 91011121314151617181920
Influenza season (weeks)
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children (Scotland and Northern Ireland) during part of the post-
(2014/2015 to 2016/2017)
those who incrementally introduced the programme (England and

programme period compared to
Wales) or who did not have a universal paediatric programme
(ROI).

3.1 | Primary care indicator
In the pre-programme period, GP ILI consultation rates breached
baseline thresholds in at least two of the three seasons in all countries
except for Northern Ireland, which only breached its baseline thresh-
old in one of the three seasons.

GP LI in the
2010/2011 season (a season following the 2009 influenza pandemic)

consultations rates were evidently higher
across all countries; with all but Northern Ireland breaching the very
high threshold for at least one week. In the 2011/2012 season, Scot-
land, Northern Ireland and Wales did not breach their baseline thresh-
olds whereas England and the ROI breached their baseline thresholds
for five consecutive weeks, respectively. A similar observation to that
of the 2010/2011 season was noted in the pre-programme season
2012/2013, with all countries but Northern Ireland breaching their
baseline threshold (Figure 3).

Post-programme observations showed evidence of lower overall
(all ages) rates of GP ILI consultations in Scotland and Northern
Ireland, which offered the LAIV vaccine to all primary school age chil-
dren compared to the rates observed in England, Wales and ROI
(Figure 3).

Scotland only breached their respective baseline threshold in one
out of the four post-programme seasons (in 2014/2015 for 1 week),
and Northern Ireland did not breach their baseline threshold through-
out all four post-programme seasons. England and Wales breached
their respective baseline thresholds in three out of four post-
programme seasons, including in 16 and 10 weeks of 2014/2015, in
14 and 13 weeks of 2015/2016 and
2016/2017, respectively. The ROI breached their baseline threshold
in all four post-programme seasons, for an average of 10 weeks in

in 6 and 11 weeks of

each post-programme season.

40 4142 43 44 45 4647 4849505152 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

e—Deaths (corrected)  +s+er Baseline == =Upper 2 z-score limit

FIGURE 2 Scoring system for (A) primary care and secondary care indicator; and for (B) mortality indicator.
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Reductions in percentage change between the average pre- and
post-programme scores were seen overall (all ages) and in <15 year
olds across all countries. The greatest overall (all ages) reductions
were noted in Scotland and Northern Ireland countries vaccinating all
primary school age children (reductions of 97% and 100%, respec-
tively, in comparison to a range of 11%-25% in England, Wales and
ROI). A similar observation was noted for <15 year olds, where Scot-
land and Northern Ireland saw reductions of 89% and 100%, respec-
tively, and reductions of 53%, 38% and 33% were noted for England,
Wales and ROI (Table 3).

Reductions in percentage changes of the average scores
between pre-and post- programme scores were also noted in the
15 to 64 year olds in Scotland, Northern Ireland, England and ROI
but not in Wales. Reductions in comparison to pre- and post-
programme average scores were less observed in older adults. In
those aged 65 years and older, Scotland and Northern Ireland saw
reductions (35% and 79%, respectively), whereas England, Wales
and ROI saw increases in percentage change between the average
pre- and post-programme scores, with ROl seeing the highest
increase of 95% (Table 3).

3.2 | Secondary care indicators

Differences between vaccinating and non-vaccinating countries in the
post-programme vaccination period compared with the pre-
programme introduction period were less notable through the
ICU/HDU admission surveillance systems.

During the pre-programme period, Scotland and Northern Ireland
experienced higher ICU/HDU admission rates than England, Wales
and RO, breaching their baseline threshold in two out of two seasons
(2011/2012 and 2012/2013) (Figure 4). Medium threshold levels
were also breached in 1 week (at 0.33 per 100,000) in the 2011/2012
season for Northern Ireland and for 2 (peaking at 0.33 per 100,000)
and 8 weeks (peaking at 0.30 per 100,000) in the 2012/2013 season
for Northern Ireland and Scotland, respectively.

This compares to England and Wales only breaching their respec-
tive baseline threshold in one out two seasons, for 10 weeks (peaking
at 0.10 per 100,000) and 1 week (at 0.13 per 100,000), respectively,
in the 2012/2013 season. ROl breached their baseline threshold in
both pre-programme seasons, for 4 (peaking at 0.07 per 100,000) and
15 weeks (peaking at 0.09 per 100,000) in the 2011/2012 and
2012/2013 seasons, respectively.

During the post-programme period, all countries breached their
respective baseline to medium thresholds in all four out of four sea-
sons, except for Wales who did not breach its baseline threshold in
the 2013/2014 season and therefore only breached their baseline
threshold for three out of four seasons. All countries experienced
greater ICU/HDU admission rates in the 2015/2016 season com-
pared to the other post-programme seasons, with all countries
breaching their medium threshold for at least 11 weeks (range 11-
16 weeks) in this season. Wales and ROI also reached their respective
very high threshold during the 2015/2016 season.

TABLE 3 GP ILI consultations average scores for all ages, less than 15 year olds, 15-64 years olds and 65 + years for pre- (from 2010/2011 to 2012/2013) and post- (2013/2014 to

2016/2017) programme seasons, UK and ROI.
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13.3
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14.5

16.3
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Republic of

Abbreviations: GP, general practice; ILI, influenza-like iliness; ROI, Republic of Ireland.
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ICU/HDU admission average scores for all ages, less than 15 year olds, 15-64 years olds and 65 + years olds for pre- (from 2011/2012 to 2012/2013) and post- (2013/2014 to

2016/2017) programme seasons, UK and ROI.

TABLE 4

65 + years

15-64 years

<15 years

All ages
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average

average

% change in
average
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120

10.5 26.0 1£148%
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24.8
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1183%

17.8

15.0 188% 9.0 19.5 ©117% 6.5 18.3 £181%

8.0

213

Republic of

Abbreviations: HDU, high-dependency unit; ICU, intensive care unit; ROI, Republic of Ireland.

Shaded grey cells represent age group data, which could not be calculated.

No overall reductions in percentage change were observed
through the scoring system between pre- and post- programme
scores in all countries (Table 4). A smaller increase in percentage
change between the average pre- and post-programme scores was
noted in the vaccinating countries (Scotland and Northern Ireland—
66% and 86% increase, respectively) in comparison with countries
with an incremental roll-out (England and Wales—209% and 1083%
increases, respectively) and no universal programme (ROI—183%
increase) (Table 4).

Similar observations were noted in countries where age group
breakdowns were available (Scotland, England and ROI), where
reductions in percentage change were not noted through the scoring
system. Scotland, however, did note smaller percentage increases in
pre- and post- programme scores across all age groups, particularly
in the <15 years and 265 year age group (18% and 54% percentage
increases, respectively), in comparison with England (141% and
106% percentage increase, respectively) and ROl (88% and 181%
percentage increase, respectively) (Table 4).

3.3 | Mortality indicators

3.31 | EuroMOMO
Differences were not observed through the EuroMOMO model in
pre- and post-programme seasons between countries.

During the pre-programme period, all countries but Wales brea-
ched the baseline threshold of 2 z-score in the 2011/2012 season
(data not available for ROI for this season). All countries breached
the 2 z-score threshold in the 2012/2013 season and did not exceed
the low threshold. England and Northern Ireland also experienced
greater number of weeks above the baseline threshold across these
two seasons (18 and 10 weeks) in comparison with Scotland, Wales
and the ROI (8, 5 and 5 weeks, respectively).

In the post-programme period, all countries with a vaccination
programme breached the 2 z-score baseline threshold in three out
of the four seasons (2014/2015, 2015/2016 and 2016/2017), with
none of these countries breaching their baseline threshold in the
2013/2014 season. On the contrary, the ROI breached the baseline
2 z-score threshold in all post-programme seasons. All countries
remained within the low impact threshold of 2 to <6 z-score, except
England, which breached the very high threshold (>16 z-score) in
2014/2015 season and the high threshold (10 to <16 z-score) in
2016/2017 (Figure 4).

Through the scoring system, overall reduction in percentage
change between average pre- and post- programme scores was only
noted for Northern Ireland and England (10% and 6% decrease,
respectively); however, this was not reflected in age-specific scores
for these countries, where no reductions in percentage changes
were noted (Table 5). Wales experienced no overall reduction in per-
centage however saw a reduction in percentage change between
the average pre- and post-programme scores of 50% in the <15 year

of age (Table 5). Similarly, the ROI saw a reduction of 88% between

QSUADIT suowwo)) dAnea1) a[qesijdde oy £q POUISAOS a1 SI[ONIE V() 2SN JO SA[NI 10§ AIeIqL] SuI[uQ AJ[IAY UO (SUONIPUOI-PUE-SULI)/WO0D KI[1m " K1eiq[aul[uo//:sdny) suonipuo) pue Swid ], 9yl 99§ ‘[£707/€0/7¢] uo Areiqr aurpuQ AS[ip ‘ANsIoatun Jjipre) £q 660€ A1/ 1 [ 1°01/10p/wod K3[im Kreiqijauljuo//:sdny wolj papeojumod ‘z ‘€207 ‘6S920SL1



SINNATHAMBY ET AL.

WI LEY 11 of 17

TABLE 5 Excess mortality average z-scores for all ages, less than 15 year olds, 15-64 years olds and 65 + years olds for pre- from 2011/2012 to 2016/2017 with empirical z-score thresholds

applied, UK and ROI.
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Republic of

Abbreviation: ROI, Republic of Ireland.

the average pre- and post-programme scores in the 15-64 years of
age (Table 5).

332 | FIuMOMO

Differences between countries who were vaccinating all primary
school-aged children and those who are incrementally vaccinating pri-
mary school-aged children were noted through the influenza-
attributable mortality model, FluMOMO.

During the pre-programme period, little influenza-attributable
deaths were noted across all countries in 2011/2012; however, all
countries experienced influenza deaths above their respective base-
lines in the 2012/2013 season (Figure 6). Cumulative influenza-
attributable mortality rates for all ages also remained similar across all
countries with the rate for the ROI starting at a lower rate in compari-
son to other countries (Figure 7A).

The post-programme period highlighted that England, Wales
and the ROI experienced influenza-attributable deaths above their
respective baselines and exceeding their 95% confidence intervals,
in the 2014/2015, 2015/2016 and 2016/2017 seasons (Figure 5).
In comparison, Northern Ireland experienced influenza-attributable
deaths above its respective baselines and exceeding its 95% confi-
dence intervals in the 2014/2015 and 2016/2017 seasons and
Scotland only in the 2014/2015 season. In the 2015/2016 season,
fewer influenza-attributable deaths were noted amongst countries
vaccinating all school age children (Scotland and Northern Ireland) in
comparison with those observed in countries incrementally vaccinat-
ing school children (England and Wales) (Figure 6). Comparisons of
cumulative influenza-attributable mortality rates for all ages
between countries in the post-programme period highlighted lower
cumulative rates experienced in Scotland and Northern Ireland and
the ROI (67.1, 45.0 and 20.6 per 100,000, respectively) than in
England and Wales (101.4 and 97.5 per 100,000, respectively)
(Figure 7A). A similar observation was also noted in those aged
265 years (Figure 7B).

4 | DISCUSSION

This study assessed the impact of the paediatric LAIV programme in
the UK, based on the differential roll-out of the programme across the
UK and the ROI that did not have a universal paediatric programme,
comparing observations from influenza surveillance in primary and
secondary care and mortality indicators, from the 2010/2011 season
to the 2016/2017 season. Overall, our findings highlight those coun-
tries who were vaccinating all primary school age children (Scotland
and Northern Ireland), observed reductions in overall GP ILI consulta-
tions and influenza-attributable mortality rates, in comparison to
countries who were incrementally vaccinating (England and Wales) or
not vaccinating primary school age children (ROI). Although significant
reductions were not seen through the secondary care indicator across

all countries, vaccinating countries still observed lower percentage
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FIGURE 7 Cumulative influenza-attributable mortality rate per 100,000 population for pre- and post-programme in (A) all ages and (B) 65

+ years, UK countries and Republic of Ireland.

increases in influenza-related ICU admissions than partially/non-
vaccinating countries.

To better understand our findings, it is significant to note that
since the introduction of the paediatric influenza vaccine programme
in the UK, Scotland and Northern Ireland have seen the highest
uptake amongst their primary school-aged children, with the average
LAIV uptake being 72.6% and 77.2%, respectively, between
2015/2016 and 2017/2018.2% This compares to an average uptake of
56.2% and 66.2% in England and Wales.?® Our study findings there-
fore suggest that countries with higher vaccine uptake levels across
all cohorts in primary school age children have observed greater
reductions in primary care ILI consultation rates as well as fewer
influenza-attributable deaths in the subsequent seasons after the
introduction of the programme.

Reductions were observed overall (all ages) and in the <15 years
age group primary care ILI consultation rates across all countries
between pre- and post-programme seasons with the greater reduc-
tions seen amongst countries vaccinating all primary school age chil-
dren at high uptake levels, highlighting both the indirect and the
direct impact of the programme. These findings are concurrent with
previous studies where significant reductions in primary care consul-
tations amongst vaccinating areas compared to non-vaccinating
areas/seasons in individual countries have been observed.> ? Indirect
impacts were also observed amongst the 65 + years age group with
all vaccinating countries noting reductions in primary care ILI consul-
tations in this group. On the contrary, the ROI noted an increase of

95% in this age group between the pre- and post- programme

seasons, which may be explained by the very high primary care ILI
consultations reported in this age group in the post- programme sea-
sons.2* This reinforces the need to monitor impact of targeted vacci-
nation programmes across all age groups but also highlights the
indirect impact of the paediatric programme on other age groups.

The absence of reductions in overall secondary care ICU admis-
sions in the pre- and post-programme seasons has also been noted in
previous studies where no or very little impact had been observed.
This has been associated with seasonal influenza vaccine strain and
circulating strain mismatch.”®2>2¢ This could be a potential explana-
tion of our findings where two of the post-programme seasons
(2014/2015 and 2016/2017) observed suboptimal matching of the
influenza A(H3) subtype as well as being dominated by circulation of
A(H3), which is known to affect the older population more adversely.
The increasing and wider use of rapid point-of-care testing in second-
ary care may have also contributed to an increased detection in influ-
enza particularly in the most recent seasons of the study.?” Despite
the apparent reduced impact against severe disease, smaller percent-
age increases in ICU influenza admissions were noted amongst fully
vaccinating countries in the post-programme seasons in our findings,
suggesting a likely impact effect.

Our findings of little to no impact in all-cause excess mortality
regardless of the countries’ influenza vaccine programmes are con-
trary to those observed in previous studies.?®~3C Reichert et al. found
that influenza vaccination programmes targeted at school children in
Japan and the United States prevented an average of 43,000 all-cause

deaths per year.?? A later study found an indirect impact of the

QSUADIT suowwo)) dAnea1) a[qesijdde oy £q POUISAOS a1 SI[ONIE V() 2SN JO SA[NI 10§ AIeIqL] SuI[uQ AJ[IAY UO (SUONIPUOI-PUE-SULI)/WO0D KI[1m " K1eiq[aul[uo//:sdny) suonipuo) pue Swid ], 9yl 99§ ‘[£707/€0/7¢] uo Areiqr aurpuQ AS[ip ‘ANsIoatun Jjipre) £q 660€ A1/ 1 [ 1°01/10p/wod K3[im Kreiqijauljuo//:sdny wolj papeojumod ‘z ‘€207 ‘6S920SL1



SINNATHAMBY ET AL.

WILEYL®

Japanese paediatric vaccine programme as a reduction in deaths
amongst Japan's older population.®° It is important to note as per our
findings amongst secondary care indicators the contribution of
vaccine mismatch, and the circulating virus can also be a contributing
factor to the lesser impact on all-cause mortality. Our finding, how-
ever of decreased cumulative influenza-attributable mortality rates in
the post-programme period, overall and in those aged 265 years,
amongst vaccinating countries in comparison with partially vaccinating
countries is encouraging and highlights a likely impact against severe
disease. The use of a method such as the FluMOMO model to
highlight the contribution of different possible causes of all-cause
excess is important when introducing new vaccination programmes.
Our findings highlight that excess mortality may however also be
related to a range of factors besides influenza, including systematic
differences in the recording of these data, the contribution of other
respiratory infections, winter pressures on health services and cold
weather.

The strengths of this study include the use of standardisation
methods to allow comparisons between countries. The MEM method
has been analysed and adopted in the UK to be a better approach in
reporting and assessing the impact on healthcare services during sea-
sonal influenza periods.!” This method has also been adopted by sev-
eral European countries and has become part of a wider WHO
initiative.!* The EuroMOMO model is used by a network of approxi-
mately 26 European countries analysing and reporting all-cause
excess mortality weekly.2* Additionally, we introduce a new method
of quantifying thresholds to compute scores to allow comparisons
across different time periods (pre- vs. post-programme scores), which
can be adapted at an individual country basis. Another strength is the
use of national population-level data, which has allowed us to better
analyse the impact of vaccine programmes in all countries. For exam-
ple, information on all influenza ICU admissions across each respec-
tive countries was available for the duration of the study, and
population denominators were used. Similarly, national death registra-
tion data from each country have been used, and excess mortality
rates were calculated based on population denominators.

There are some limitations that need to be considered, as
although we have tried to address differences between surveillance
schemes in the countries by using standardised methods, underlying
differences in factors such as case definitions, access to care and
health-seeking behaviours between countries remain. For example,
some countries’ case definitions for the secondary care indicator
included both ICU and HDU admissions, whereas others only included
ICU admissions (Scotland and ROI). Changes in laboratory testing
overtime in secondary care with the introduction of rapid point-of-
care testing may have increased sensitivity in these systems, which
could explain the increases shown through our findings across all
countries.

In conclusion, the findings of this study are overall encouraging
and support the ongoing implementation of universal paediatric
influenza vaccination programmes and their continuation. It has
provided an important insight into the impact of such a programme on

countries at different time points in their roll-out as well as reinstating

the reductions of the burden on primary care consultations and
highlighting evidence of reductions in influenza-attributable deaths.
Further work is required to understand the impact of vaccination on
other secondary care and all-cause excess mortality severity

indicators.
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