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Chapter 1.1. Influenza epidemiology and control 
 
1.1.1 Epidemiology 
Influenza belongs to the Orthomyxoviridae RNA virus family and results in an acute viral infection in 
humans. There are two main types circulating and causing clinical disease: influenza A and influenza 
B[1]. Influenza A is further classified into subtypes according to surface antigens on the virus, with 
predominantly A(H3N2) and A(H1N1) subtypes circulating. Influenza B viruses are further classified 
as belonging to two antigenically distinct lineages, Yamagata and Victoria. Influenza viruses, 
particularly influenza A viruses, undergo continual changes to their structure, termed antigenic drift. 
If significantly different from previously circulating viruses, formerly invoked immunity may not 
completely protect against the new strain[2], reducing the population immunity and potentially 
increasing the likelihood of transmission and/or severe disease development.  
 
In common with other northern hemisphere countries, seasonal influenza occurs in annual 
epidemics in the United Kingdom (UK), with transmission typically occurring between November 
and March each year for around ten weeks, though this can vary each year and summer outbreaks 
can occur[3,4]. Influenza is highly infectious and spreads rapidly, with transmission thought to occur 
by aerosol droplets or direct contact with respiratory secretions from an infected individual[5]. The 
role of children in facilitating transmission, particularly school age children, has been 
acknowledged[6,7,8,9,10,11]. This is reflected in age-specific influenza indicators, with activity 
typically increasing in that age group before an increase in adults is seen, and the marked reduction 
in the number of cases during school holidays during an epidemic, suggesting a significant 
proportion of transmission occurs within schools[12].  
 
Influenza infection can manifest to varying degrees of severity. Most people infected will be 
asymptomatic, with a recent population study estimating this to be as high as 75% of people 
infected[13]. Out of those who develop symptoms, a small proportion will then go on to seek 
healthcare, with endpoints ranging from consulting primary care through to hospitalisation and 
mortality. The likelihood of disease progression varies according to the individual. While the majority 
of healthy persons will experience a self-limiting illness which will typically resolve within a week, 
the risk of serious illness is higher in specific groups. These include infants less than six months old, 
older people, pregnant women and individuals in a pre-defined clinical risk group, with the highest 
risk seen in individuals with chronic liver disease, immunosuppression and chronic neurological 
disease[14]. Furthermore in these groups there is an increased chance of developing complications 
following infection such as bronchitis and bacterial pneumonia, which typically results from 
secondary infection with Streptococcus pneumoniae, Staphylococcus aureus or Haemophilus 
influenza[15].  
 
The impact of influenza typically varies according to the subtype circulating. A(H3N2) can result in 
large epidemics with the burden predominantly reported in the elderly[16]. The A(H1N1)pdm09 
subtype which emerged during the 2009 pandemic[3] is the current A(H1N1) strain. While the 
overall burden reported due to A(H1N1)pdm09 is low in the elderly because of pre-existing immunity 
resulting from infection with a similar strain, young adults are at higher risk of severe infection with 
this strain compared to other types of influenza[17], including healthy individuals who are not 
normally considered to be at risk. Influenza B tends to cause smaller outbreaks and often circulates 
with or after influenza A within a season. The burden lies primarily in children and, although typically 
considered as resulting in milder outcomes, can cause severe disease[18]. 
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1.1.2 Surveillance 
While some seasonal respiratory infections such as rhinovirus and respiratory syncytial virus have 
typical epidemiology each year, the picture can vary considerably for influenza. In addition to the 
range of subtypes that can circulate, the continual evolution of the virus can result in the emergence 
of new strains, with uncertainty around the level of population susceptibility and how well the 
vaccine might work. This will have clinical implications for the age group predominantly affected and 
the severity of each season. Furthermore, the timing of circulation can vary considerably, with the 
interval from initial circulation to peak activity only typically taking a few weeks not allowing much 
time for public health response.  
 
Various national surveillance systems are routinely in operation in England which are managed and 
reported by Public Health England and collaborating organisations to capture information at 
different healthcare seeking levels (Figure 1), monitoring impact and determining the burden each 
season[19]. The real-time nature of these surveillance schemes is crucial to inform appropriate 
public health actions during the season, such as informing community prescription of antiviral 
treatment which is restricted to when influenza is circulating[20,21]. 
 
Early warning of influenza activity each season can come from community reports of acute 
respiratory outbreaks and newly established syndromic surveillance schemes[22], monitoring in 
near real-time data on patients presenting to healthcare services with signs and symptoms 
suggestive or characteristic of influenza, though without laboratory confirmation. The most 
established routine surveillance system is set in primary care, where consultations for influenza-like 
illness with linked respiratory swabbing are monitored within each country in the UK[23]. Following 
on from the 2009 pandemic, new disease surveillance systems have been established to monitor 
severe disease, including monitoring of respiratory emergency department admissions[22], 
influenza-confirmed hospitalisations/intensive care admissions[24] and excess mortality 
monitoring[25]. 
 
Figure 1. Influenza surveillance pyramid and routine data sources available at each level 
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1.1.3 Vaccination 
Respiratory infections can be prevented through personal infection control measures such as 
covering coughs and frequent hand washing[26]. Antiviral drugs can also be used to prevent 
infection in people at risk and reduce the impact of symptoms in those infected[27]. However 
vaccination is the key strategy for control of influenza. Most current influenza vaccines are 
inactivated and trivalent, containing two subtypes of influenza A and one influenza B strain, with 
recently licenced quadrivalent inactivated vaccines including another influenza B strain to provide 
protection against both lineages. As the circulation of viruses is continually changing, the World 
Health Organization (WHO) annually reviews the composition of the vaccine separately for the 
Northern and Southern hemisphere based on available epidemiological and virological data[28]. 
Depending on changes in circulating influenza strains, the composition may or may not be updated. 
Annual revaccination is therefore recommended, with the duration of protection afforded by the 
vaccine only thought to last for at least one season[29]. 
 
Prior to 2013/14, the UK has had a long-standing selective influenza vaccination programme since 
the late 1960s that aims to reduce the burden of the disease by directly protecting populations at 
higher risk of severe disease due to influenza. In common with many other European countries, this 
targeted individuals aged six months to 64 years old in a clinical risk group, over 65 year olds since 
2000, pregnant women since 2010 and frontline healthcare workers[30]. 
 
 

Chapter 1.2. New vaccine and vaccination strategy 
 
1.2.1 Vaccination of healthy children 
In 2012, a new live attenuated cold adapted influenza vaccine (LAIV) was licenced for use in children 
in Europe, which is administered intranasally rather than by injection[31]. Recent efficacy and 
effectiveness estimates suggest it provides a higher level of protection in children relative to the 
comparable inactivated vaccine[32]. On the back of this, the Joint Committee on Vaccination and 
Immunisation (JCVI), an independent Departmental Expert Committee advising UK health 
departments on immunisation strategies, were asked to review the influenza vaccination 
programme. This took the form of two stages:  
 

1. Assessing the impact and cost-effectiveness of the current programme;  
 

2. Considering and making recommendations on a range of possible extensions to the vaccination 
programme to include a larger proportion of the healthy population, including extending all 65+ year 
olds to 50+ year olds and/or targeting children[33].  
 
As a result of the role of children in transmission, children are a key target group within which to 
prevent infection through vaccination due to direct and indirect impact expected. A direct impact is 
expected in those children vaccinated through the provision of individual immunity. By vaccinating 
the target group, transmission is reduced to others, and thus indirect protection will be provided, 
resulting in a reduction in influenza-associated morbidity and mortality in the wider community. 
These direct and indirect benefits will then contribute to the overall impact of the programme. 
Modelling work suggests extending vaccination to low risk children 2-16 years old would highly likely 
be cost-effective when indirect protection to the whole population is taken into account, particularly 
in the long term[33,34,35]. 
 
Following on from the licencing of LAIV and the modelling work, JCVI recommended in 2012 to 



  Chapter 1. Introduction 

Page 9 of 179 

  

extend the routine annual vaccination programme for influenza to all children aged 2-16 years 
inclusive in the UK[36]. This extension will primarily utilise LAIV where not contraindicated in 
children, with the initial intention of offering a single dose of LAIV to all healthy 2-16 year olds 
annually. A second dose of LAIV is thought to only provide modest additional protection against 
laboratory-confirmed influenza infection[37] and so only influenza vaccine-naive children aged six 
months to less than nine years in clinical risk groups will be offered two doses of vaccine. In those 
children for whom LAIV is contraindicated, the inactivated vaccine will be offered. 
 
The programme will be delivered through a phased introduction across the UK over a number of 
seasons. In England in the first year of the programme in 2013/14[38], all children aged 2-3 years 
were offered the vaccine through primary care, along with primary school aged children (aged 5-11 
years old) in a series of seven geographically distinct self-selected pilots comprising 5% of the 
population. Six of these pilots delivered the vaccine through primary schools and one through 
community pharmacies. 
 
1.2.2 Surveillance preparations to monitor the programme rollout and its overall and indirect impact  
As the programme is being introduced through phased stages, interim evaluations will assist with 
determining optimal rollout, for example through assessing the specific age groups targeted and the 
mode of delivery. A full evaluation as recommended by JCVI[36] will then determine the success of 
the programme in terms of the impact seen and if cost-effective.  
 
Direct impact can be experimentally assessed through the difference in outcomes between 
vaccinated and unvaccinated individuals all other things being equal. It is commonly reported 
through vaccine efficacy estimates, determined pre-licensure through clinical trials (phases 1-3), and 
vaccine effectiveness estimates which are determined post-licensure once a vaccine is in use and 
under the normal public health conditions of the programme.  
Indirect impact can be assessed at the individual level, by comparing observations in unvaccinated 
contacts of vaccinated children to unvaccinated contacts of unvaccinated children, or at the 
population level by comparing influenza activity in non-targeted age groups in vaccinated areas to 
comparable age groups in non-vaccinated control areas (Figure 2).  
Finally the overall effect of the vaccination programme can be measured at the population level, by 
assessing reduction in risk of infection in a community with the vaccination programme compared 
to a comparable population without the vaccination programme (Figure 2). 
 

Figure 2. Study designs for the evaluation of vaccine impact.  

 
Adapted from Halloran ME et al. Design and interpretation of vaccine field studies. Epidemiol Rev. 
1999;21(1):73-88. 
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Aggregate population-level data available through routine surveillance sources can therefore be 
used to assess indirect and overall impact. Herd immunity has been assessed for pneumococcal 
meningococcal vaccines, with a greater impact than expected based just on vaccine 
coverage[39,40,41]. There have also been encouraging findings through surveillance data of an 
overall impact of rotavirus vaccination in the first year of the programme in England when comparing 
to historical patterns[42].  
 
There are however inherent difficulties when applying these study types to influenza using this 
method. Typically impact needs to be assessed over several years, comparing activity in the same 
population before and after the introduction of the programme. When considering the impact of 
vaccinating children against influenza, this is complicated by the variability in epidemics each year, 
vaccination use in the community prior to programme introduction and the use of syndromic case 
definitions. However the phased rollout allows an opportunity to assess impact through comparing 
influenza activity in vaccinated areas to control areas. Indirect impact can be assessed by comparing 
activity in non-targeted age groups in vaccinated pilot areas to control areas, while overall impact 
can be assessed by comparing average activity in vaccinated pilot areas relative to control areas[43]. 
Once the programme is established nationally, activity in the same population can be compared 
before and after introduction of the programme.  
 
Information within the routine surveillance schemes is available aggregated by age group. While 
standard age grouping is used in influenza surveillance, in children this is not consistent with the 
delivery of the vaccination programme, with activity typically monitored in <1, 1-4 and 5-14 year 
olds. Therefore appropriate age groupings will be needed to capture ages targeted and not targeted 
for vaccination which will require reconfiguration of existing surveillance systems. To further 
enhance existing surveillance schemes, oversampling can be carried out in pilot areas by age group 
to ensure there is sufficient statistical power to be able to detect any differences if present.  
 
To assess if the impact of extending the routine influenza vaccination programme to children can 
be evaluated successfully through surveillance data sources, the following issues will need to be 
addressed prior to evaluation: 
 
a) Establishing the burden of influenza prior to programme introduction; 

b) Standardising interpretation of influenza activity across seasons and schemes; 

c) Determining/describing subnational variation in influenza activity. 

 
a) Establishing the burden of influenza prior to programme introduction 

The typical burden of influenza through various different data sources will need to be determined 
prior to introduction of the programme. There are difficulties in determining the complete burden 
of influenza. Infection can result in symptoms similar to other respiratory infections and a lack of 
testing means it is commonly underreported[44]. Therefore quantification has to typically be 
statistically estimated. Considerable groundwork in this field has been made with mortality data, 
both within the UK and elsewhere to determine the burden attributable to 
influenza[45,46,47,48,49]. However there are further questions to be addressed, such as what the 
subtype-specific burden is. Separate to the issue of the match of the vaccine to the circulating strain, 
the severity of influenza is often dependent on the type/subtype circulating, the background levels 
of immunity of the population and environmental conditions[17]. Therefore when assessing activity 
before and after the programme extension, this will need to be accounted for. While lower overall 
levels of mortality were seen during the pandemic compared to seasonal influenza[50,51,52], the 
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burden needs to be better described in the post-pandemic years prior to the vaccination programme 
introduction when both a severe season (2010/11)[53] and a low activity season (2011/12)[54] were 
reported. Additionally, it is uncertain how burden varies when assessing cause-specific mortality – 
assessing respiratory deaths may be a more sensitive indicator for children when small numbers of 
deaths are reported. 
 

b) Standardising interpretation of influenza activity across seasons and schemes 
As influenza activity can vary considerably between seasons, there is a need to standardise reporting 
of intensity. There have been some thresholds applied to GP ILI consultation rates to denote the 
start of community transmission and categorise the level of peak activity[55,56]. However they are 
static and do not adapt with changes in patterns over time. Furthermore, there is a need to 
standardise across comparable surveillance systems, particularly across countries where different 
vaccination policies are in operation for comparison. This is important even within the UK, where 
comparable surveillance systems are typically set up separately and it can be difficult to reconcile 
outputs. 
 

c) Subnational variation in influenza activity 
In the first couple of years of the childhood LAIV programme in England, the vaccine will be delivered 
in geographically distinct pilots, allowing a direct comparison in activity between pilot and non-pilot 
areas. Within a country, spatial variation of influenza activity has previously been reported during 
the 2009 pandemic in various countries[57,58,59,60] but little work has been undertaken looking at 
subnational variation of seasonal influenza and its potential importance in the UK, with some studies 
done in other countries[61,62]. If present, variation in circulation will need to be considered to 
ensure an effective evaluation of the programme and assessment of activity in pilot and non-pilot 
areas. 
 
1.2.3 Hypothesised indirect and overall impact of the vaccination programme  
Work can be done to collate information from previously published studies and established schemes 
where children are routinely vaccinated against influenza to provide an indication of the impact we 
may expect to see. 
 

a) Previous studies assessing indirect and overall impact 
Several influenza vaccination programmes targeting all children have been in operation in different 
countries[63,64]. Previously published studies in areas where universal childhood influenza vaccine 
programmes were operating can be assessed to determine appropriate methods to detect a possible 
impact, whether population impact was seen, and important factors to consider. There have been a 
considerable number of studies and meta-analyses assessing direct effectiveness of a range of 
influenza vaccines[65]. However the experimental evidence on indirect benefits appears to be more 
limited and little data has been published on the overall impact of such programmes. A previous 
systematic review was carried out focussing on studies assessing indirect effects up to 2005[66] and 
it is desirable therefore to expand on and update this knowledge through a systematic approach, 
identifying if there are any gaps in the evidence base for specific outcomes and highlight factors 
important for consideration in future evaluations of the rollout of the UK programme. 
 

b) Observations from schools routinely vaccinating against influenza 
While observations from other countries can provide insight on the impact of such a programme, it 
is uncertain what the actual impact will be within England. This is one of the advantages of 
undertaking a phased rollout, so that different aspects can be assessed and provide some initial 
findings to guide optimal rollout. During the first year of the programme in 2013/14, only children 
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up to the age of 11 were included in vaccination cohorts in pilot areas[38]. It is therefore uncertain 
what the impact may be in secondary school children[67,68]. However, there is an existing 
surveillance scheme which can be used to assess this. Several private boarding schools across 
England already had established universal influenza vaccination programmes for all their pupils prior 
to the national recommendations. Although transmission is occurring in closed settings, we can 
assess the hypothesised impact of the programme by comparing respiratory disease incidence rates 
in vaccinating and non-vaccinating schools in targeted and non-targeted age groups 
 
1.2.4 Initial observations from the first year of the programme 
Initial observations from the first year of the rollout in 2013/14 on the uptake reached, the impact 
on community indicators and the impact on disease indicators can provide some indication of the 
likely impact expected and the success of programme implementation. 
 

a) Uptake achieved in targeted children 
Uptake of the vaccine can be monitored to determine if there is variation in coverage and to identify 
under-vaccinated groups of the population who may need specific targeting and additional 
interventions to improve future uptake. This is particularly crucial due to the requirement for annual 
revaccination. Factors correlating with vaccine uptake that could be targeted include 
deprivation[69,70,71], ethnicity[70] and rural/urban setting[71]. Religious attitudes have also been 
identified as a reason for hesitancy and increased likelihood of under-immunisation for several 
vaccines[72,73,74,75]. This is particularly of note as during the initial rollout of this programme in 
England, concerns were raised amongst Muslim and Jewish religious groups regarding the gelatine 
component of LAIV of porcine origin[76]. It is unclear what the impact of these issues, in particular 
the religious concerns, was on uptake. It is important to determine and address any inequalities, 
informing future plans if specific sub-groups need additional targeted delivery. 
 

b) Impact of vaccination on school absenteeism 
Influenza has been shown to impact on school absenteeism, which can have important social and 
economic implications extending beyond those directly associated with the child, with parents and 
carers often needing to take time off work to care for their children[77]. Studies elsewhere have 
assessed the impact of influenza vaccination programmes on school absenteeism, with the majority 
of studies, mainly conducted in the United States, concluding a modest impact[77,78,79] and some 
suggesting a possible indirect impact in other age groups[80,81]. The availability of national school-
level data during the first year of the programme allows us to assess if any there are indications of 
impact and if this type of analysis is worth pursuing. 
 

c) Impact of vaccination on disease indicators 
During the phased rollout in England, initial observations of the impact of the intervention on 
routine influenza surveillance indicators by comparing pilot to control populations can be monitored 
during the first season of the programme. This can help to identify if the programme is showing signs 
of having an overall and indirect population impact, how suitable newly established and modified 
data sources are for determining this and potentially assist with strategy modification for future 
seasons. 
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Chapter 1.3. Thesis Outline 
 
1.3.1 Overall research question  
Following on from the recommendation to routinely vaccinate all 2-16 year olds against influenza in 
England[36], surveillance data sources will be prepared to monitor the burden of influenza and 
systems established to determine the uptake and overall and indirect impact of the programme 
across the population. Furthermore, initial observations of uptake and impact can be ascertained 
from the first year of the programme, in 2013/14, when geographically discrete pilots in primary 
schools will be operational[38] by assessing differences between pilot and non-pilot areas. This body 
of work seeks to collate this intelligence to assist with both optimising the subsequent rollout of the 
programme over the next few seasons and determining the data sources and analysis required to 
evaluate epidemiological impact.  
 
1.3.2. Chapter outline 
The overall research question will be addressed by focussing on the following objectives in the 
subsequent chapters within this thesis: 
 
CHAPTER TWO. WHAT FACTORS SHOULD BE CONSIDERED WHEN ASSESSING THE IMPACT PRIOR TO 
INTRODUCTION OF THE CHILDHOOD INFLUENZA VACCINATION PROGRAMME? 
 
2.1. Mortality Attributable to Influenza in England and Wales prior to, during and after the 2009 
pandemic ahead of the childhood influenza vaccine programme 

 The burden of mortality attributable to influenza by age group will be determined through 
establishing regression methods able to fully disentangle and control for confounding factors during 
the winter months such as cold snaps and circulation of other respiratory viruses. All cause and cause-
specific mortality will be analysed and observations reported, with comments on the feasibility of 
this method for estimating burden and suitability for assessing impact of the childhood influenza 
vaccination programme. 

 
2.2. Harmonizing influenza primary-care surveillance in the United Kingdom: piloting two methods 
to assess the timing and intensity of the seasonal epidemic across several general practice-based 
surveillance schemes 

 Statistical methods will be used to standardise the reporting of the start of influenza activity and 
intensity reached through a hierarchical categorisation approach for common indicators such as 
influenza-like illness rates. It can then be determined whether this approach allows comparable 
reporting between years and schemes, minimising over-interpretation of seasonal fluctuations.  

 
2.3. Detection of varying influenza circulation within England in 2012/13: informing antiviral 
prescription and public health response 

 Using routine surveillance data sources, a descriptive comparison assessing regional 
influenza subtype-specific positivity, GP consultation rates and mortality will be presented, 
assessing if influenza activity does vary at a subnational level prior to the introduction of the 
childhood influenza vaccination programme and data availability to detect this. 
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CHAPTER THREE. WHAT IS THE HYPOTHESISED IMPACT OF THE VACCINATION PROGRAMME AND 
HOW CAN IT BE MEASURED? 
 
3.1. What is the indirect and overall impact of universal childhood influenza vaccination programmes 
on influenza-associated health outcomes? A systematic review. 

 A systematic review looking at published studies that have measured the indirect and overall impact 
of childhood influenza vaccination programmes on a range of influenza-associated health outcomes 
will be carried out to determine what impact the existing evidence suggests might be expected. 

 
3.2. Impact of influenza vaccination on respiratory illness in school pupils attending private boarding 
schools in England, 2013/14: a cohort study 

 To assess what the impact of vaccinating secondary school pupils is, an age group which will not be 
targeted during the first year of the programme, respiratory illness will be compared between 
boarding schools that routinely did and did not vaccinate against influenza. 

 
CHAPTER FOUR. WHAT WERE THE INITIAL OBSERVATIONS OF UPTAKE AND IMPACT FROM THE FIRST 
SEASON OF THE CHILDHOOD INFLUENZA VACCINATION PROGRAMME IN ENGLAND? 
 
4.1. Universal influenza vaccination of children in England: variation in uptake and population-level 
predictors in preschool children in the first year of the programme 2013/14  

 During the first year of the programme, seasonal influenza vaccine uptake in 2-3 year olds through 
primary care and 4-11 year olds predominantly through school based programmes in pilot areas will 
be assessed to determine feasibility of delivery of the vaccine to these age groups in the different 
settings.  Uptake across the country will be compared to assess and highlight hard-to-reach areas. 
Regression modelling will be used to provide insight on population-level factors associated with 
uptake, including deprivation, ethnicity and religious beliefs. 

 
4.2. Illness absenteeism rates in primary and secondary schools in 2013/14 in England; what was the 
impact of the childhood influenza vaccine pilots? 

 The impact of the vaccination programme on school illness absenteeism will be assessed by 
comparing areas where 4-11 year olds were and were not vaccinated. Activity in primary schools will 
be assessed to measure the overall impact in the targeted age group, and in secondary schools to 
assess if any indirect impact was observed in older non-targeted age groups. 

 
4.3. Uptake and impact of a new live attenuated influenza vaccine programme in England: early 
results of a pilot in primary school-age children, 2013/14 influenza season 

 Observations through routine influenza surveillance data streams in England in 2013/14 will be 
assessed from both pilot areas, where all children aged 4-11 years were offered the vaccine, and 
non-pilot areas, where 4-11 year olds were not offered the vaccine, to provide an initial rapid impact 
assessment of the primary school age programme. A comparison can then provide an indication of 
the indirect impact of the vaccination programme on disease indicators over and above vaccination 
of preschool age children. 
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Abstract 
 
Very different influenza seasons have been observed from 2008/09–2011/12 in England and Wales, 
with the reported burden varying overall and by age group. The objective of this study was to 
estimate the impact of influenza on all-cause and cause-specific mortality during this period. Age-
specific generalised linear regression models fitted with an identity link were developed, modelling 
weekly influenza activity through multiplying clinical influenza-like illness consultation rates with 
proportion of samples positive for influenza A or B. To adjust for confounding factors, a similar 
activity indicator was calculated for Respiratory Syncytial Virus. Extreme temperature and seasonal 
trend were controlled for. Following a severe influenza season in 2008/09 in 65+yr olds (estimated 
excess of 13,058 influenza A all-cause deaths), attributed all-cause mortality was not significant 
during the 2009 pandemic in this age group and comparatively low levels of influenza A mortality 
were seen in post-pandemic seasons. The age shift of the burden of seasonal influenza from the 
elderly to young adults during the pandemic continued into 2010/11; a comparatively larger impact 
was seen with the same circulating A(H1N1)pdm09 strain, with the burden of influenza A all-cause 
excess mortality in 15-64yr olds the largest reported during 2008/09 – 2011/12 (436 deaths in 15-
44yr olds and 1,274 in 45-64yr olds). On average, 76% of seasonal influenza A all-age attributable 
deaths had a cardiovascular or respiratory cause recorded (average of 5,849 influenza A deaths per 
season), with nearly a quarter reported for other causes (average of 1,770 influenza A deaths per 
season), highlighting the importance of all-cause as well as cause-specific estimates. No significant 
influenza B attributable mortality was detected by season, cause or age group. This analysis forms 
part of the preparatory work to establish a routine mortality monitoring system ahead of 
introduction of the UK universal childhood seasonal influenza vaccination programme in 2013/14. 
 
 

Introduction 
 
Seasonal influenza occurs in annual epidemics in England and Wales, usually peaking around late 
December/early January. Although the severity and impact of each season depends to some extent 
on the strain circulating, influenza typically results in mortality each year, the burden of which is 
predominantly in the elderly and individuals with underlying risk factors for severe influenza. The 
notable exception in recent years for timing of peaks has been the 2009 pandemic, with the first 
wave peaking in July 2009 and a second wave peaking in October 2009[1]. This pandemic strain 
resulted in mild symptoms in the majority of infected individuals and, in common with previous 
pandemics[2], the attack rate and mortality predominated in children and young adults. 
 
Quantifying the burden of mortality resulting from influenza is not straightforward. Although 
mortality data is available in England and Wales with primary cause of death, underreporting of 
influenza-related deaths is common - either influenza infection is not diagnosed by the clinician or, 
if influenza is detected, a secondary complication resulting in mortality might be reported rather 
than the infection. Therefore statistical modelling is needed to indirectly estimate the population-
level burden due to influenza and adjust for other factors which temporally coincide with influenza 
and impact on mortality, including infection with Respiratory Syncytial Virus (RSV) and low 
temperatures (or cold snaps). Estimates of seasonal influenza burden have been published for 
various countries using a range of statistical models[3,4,5,6], highlighting both the burden in the 
elderly and variable activity depending on the strain circulating and the intensity of activity. Global 
estimates of the mortality burden during the 2009 pandemic have been produced[7,8] which 
highlight, along with previous work in England and Wales and other countries[9,10,11,12], the age 
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shift during the pandemic from the elderly towards young adults observed in infection replicated at 
the level of severe disease, i.e. mortality. Although a decreased mortality burden in terms of 
absolute number of deaths relative to seasonal influenza was estimated, calculation of potential 
years of life lost (YLL) which takes account of the younger age distribution during the pandemic has 
revealed a substantial health burden[3]. 
 
While estimation of influenza-attributable mortality prior to and during the 2009 pandemic has 
previously been calculated in England and Wales, the unusual and varied influenza activity in the 
post-pandemic seasons suggests different patterns of mortality. In 2010/11, despite apparent 
widespread infection during the 2009/10 pandemic, the pandemic A(H1N1) strain continued to 
dominate and circulate in conjunction with influenza B[13]. Influenza activity was reported more 
often in young and middle aged adults in 2010/11 than in children compared to 2009/10 and was 
unexpectedly high, with a reported increased impact across various surveillance 
indicators[13,14,15]. Circulation of this virus was not observed in all countries in 2010/11 [16] but 
even in countries where reported, an increased impact was only observed in a few[17,18,19].  In 
contrast to 2010/11, influenza A(H3N2) was the dominant subtype detected in 2011/12 in England 
and Wales[20]. Despite low overall seasonal influenza activity, hospitalisations were still reported 
with the largest proportion in the elderly and outbreaks seen over a number of weeks, particularly 
in elderly care home settings.  
 
Recommendations have recently been made to extend the routine seasonal influenza vaccination 
programme to all healthy children aged 2 to 16 years in the UK[21]. Prior to this, there is a need to 
estimate the attributable burden of mortality due to seasonal influenza through establishing 
regression methods able to fully disentangle and control for contributing factors during the winter 
months.  
 
This paper builds on previous work[9] to assess for the first time the relative contribution of 
influenza A and B to mortality prior to, during and after the 2009 pandemic in England and Wales 
and, through analysing cause-specific mortality data (determined through coded causes of death), 
identify the predominant cause-specific groups in which influenza-attributable mortality occurs. 
 
 

Materials and methods 
 
Data 
Weekly data on mortality, respiratory virus activity and temperature were extracted as detailed 
below and aggregated according to International Organization for Standardization week 
classification. Analysis was performed for influenza seasons 2006/07 to 2011/12, with each 
influenza season defined as running from week 40 (beginning of October) to week 20 the following 
year (mid-May) and an additional season corresponding to the first wave of the pandemic (week 21 
2009 to week 39 2009) was reported. 
 
Mortality 
Individual level mortality data from England and Wales with information on date of death, age and 
primary cause of death were provided on a weekly basis by the Office for National Statistics. Delays 
in death registrations are inherent in the system, particularly in young adults[22]. To account for 
this, data was extracted in February 2013, nine months after the end of the 2011/12 season, by 
which time more than 90% of deaths during the 2011/12 winter period are reported across all age 
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groups.  
 
The number of deaths were extracted by age group (<15yrs, 15-44yrs, 45-64yrs and 65+yrs) for 
causes of death previously modelled for determining influenza burden (according to ICD-10 
classification[23]): all-cause (all codes), cardiorespiratory causes (I and J codes), respiratory causes 
(J codes) and pneumonia and influenza (J9-18). Additionally, all-age deaths were extracted by ICD-
10 chapter, previously investigated causes likely to be influenced by influenza[4,24] and causes 
reported to be a risk factor for severe influenza[25]. 
 
Viral activity indicators 
To indirectly estimate the burden, viral activity each season needs to be accurately represented. 
Previous work used the number of samples positive for influenza as an indicator of influenza 
activity[9]. However, differential sampling practice over time can lead to variations between 
seasons not reflective of true activity. Reporting the proportion of samples positive improves on this 
but still does not fully capture the severity of influenza strains and impact on the community. 
Incidence, constructed by combining virological positivity with the community influenza-like illness 
rate, has recently been used[4,24,26,27]. Weekly all-age data on influenza A, influenza B and RSV 
positivity (defined as the number of samples positive divided by the number of samples tested for 
a given virus) was obtained through the RCGP/SMN sentinel general practice swabbing schemes run 
across England and Wales[20]. No detailed influenza A subtype information was available for the 
full period of analysis.  
 
All-age RSV positivity may be underrepresented through sentinel swabbing schemes due to a large 
proportion of samples taken in adults where RSV virus sample tends to be low and less likely to be 
detected. Therefore to ensure the data was comparable to influenza sampling, the proportion of 
samples positive were scaled through analysis of RSV positivity from the Respiratory Datamart 
Scheme (RDS)[1,13,20]. This scheme reports positivity from samples received primarily through 
hospitals, but also community general practices, where RSV testing is likely to be focussed in the 
paediatric population in whom RSV is more easily detectable.  RDS has only been established since 
the 2009 pandemic, preventing its use in this work for the entire period. Through simple linear 
regression, the relationship between weekly RSV positivity through the sentinel schemes and 
weekly RDS RSV positivity was established from 2009 to 2012 and weekly sentinel positivity 
multiplied up accordingly for the duration of analysis. 
 
Viral incidence values were constructed by multiplying virological positivity with a measure of 
clinical activity. For influenza, weekly all-age influenza-like illness (ILI) GP consultation rates across 
England and Wales were used. For RSV, infection typically results in acute bronchitis[28] and so 
weekly all-age acute bronchitis GP consultation rates across England and Wales were used. Both 
clinical activity measures were retrieved from the RCGP surveillance scheme[20]. 
 
Temperature 
Daily Central England Temperature (CET)[29] values in degrees Celsius (⁰C) were collated and weekly 
averages for mean, minimum and maximum values calculated. 
 
Model 
The structure of age-group-specific generalised linear models presented previously[9] were applied 
to these new datasets and variables and a similar model selection process undertaken based on 
Akaike information criterion (AIC) values and observations from surveillance data. A Poisson 
distribution was used in <15yrs and 15-44yr olds and a negative binomial distribution applied when 
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modelling data from 45-64yr olds and 65+yr olds where overdispersion was detected. All models 
were fitted with an identity link as the effects of the covariates were assumed to be additive[30]. A 
full model was fitted to 65+ year olds all-cause mortality and specific terms removed if their 
exclusion lowered the AIC value. The final model was then applied for other age groups and causes. 
The initial full model fitted is as follows: 
 

 
 
Where: 

 E(Yt) = estimated number of deaths in week t 

 yeari = an indicator variable taking the value 1 if yeart = i and 0 otherwise, where i represents each 
year from i=1 in 2006/07 to i=6 in 2011/12 

 fluai,t = weekly influenza A activity indicator in year i in week t with lags l of up to three weeks 

 flubt = weekly influenza B activity indicator in week t with lags l of up to three weeks 

 rsvt = weekly RSV activity indicator in week t with lags l of up to three weeks 

 tempt = weekly CET measurement in week t with lags l of up to three weeks 

 s(tempt,1,4) = b-spline of degree one with knots positioned at 20⁰C and 27⁰C 

 s(weekt,3,9) = cubic b-spline with nine degrees of freedom 

 εt = error term 

 
Viral activity indicators were modelled separately as influenza A, influenza B and RSV. Firstly, the 
form of the viral activity indicator was decided; AIC values were compared when fitting three 
indicators: the number of positive samples; proportion of samples positive and incidence 
(positivity*clinical activity) consistently across the viruses. An interaction with year, defined as 
running from week 20 in one year to week 19 the following year, was included with influenza A to 
account for the known varying severity of different circulating influenza strains each year. Severity 
was not assumed to vary by season for influenza B or RSV. A lag of up to three weeks for each virus 
was included to allow for possible delays from infection to death.  Once the indicator had been 
determined, the significance of removing lag terms for each virus was assessed. 
 
Weekly averages of CET were modelled as a b-spline of degree one with a lag of up to three weeks 
from temperature to death, allowing for the known delay between a change in temperature and 
impact on mortality[31]. Firstly, the temperature values modelled, minimum, mean or maximum 
weekly average CET, were selected through AIC value comparison and then the number of lag terms 
assessed. The underlying weekly seasonal trend not explained by temperature, influenza and RSV 
activity was modelled as a cubic b-spline. The number of degrees of freedom was varied and 
corresponding model AIC values assessed. Finally, knots were modelled in the temperature variable 
to allow for the non-linear relationship between temperature and mortality and the number and 
position of the knots varied. 
 
Once finalised, the model was run for each mortality times series and the resulting regression 
coefficients for each influenza A variable multiplied by the observed values for a given week, 
summed to give the weekly number of influenza A deaths and subsequently summed across each 
season. This was replicated for influenza B. 95% confidence intervals (95% CI) were calculated for 
seasonal estimates of attributable mortality, with the variance composed of the sum of the weekly 
residual variance (variance of the residuals of the final model) and weekly model prediction variance 
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(square of the standard errors of the prediction of the final model)[9]. If, after summing to get a 
seasonal estimate, the number of deaths or lower confidence limit was estimated to be less than 
zero, this was set to zero.  
 
Influenza-attributable mortality rates were also calculated by modelling the number of deaths per 
100,000 population by age group. Annual mid-year population estimates were available from 
ONS[32]. The 2012 estimated population size was not available at the time of analysis and was 
estimated based on linear regression of previous values. Weekly population estimates were 
calculated through interpolation of annual estimates and used to determine weekly mortality 
rates[33]. 
 
With an age shift evident during the pandemic, YLL were calculated[3,34] to take account of the age 
distribution of deaths. The number of deaths attributable to influenza in each age group each season 
were multiplied by the life expectancy of that age group, obtained from the World Health 
Organization[35], and then summed to give an all-age number attributable each season [34].  
 
Mortality data was managed with STATA v12 (StataCorp, College Station, TX) and statistical analyses 
were carried out using R version 2.15.1 (R Development Core Team, Vienna, Austria). 
 

 

Results  
 
Covariates 
Different patterns in all-cause mortality were observed by age group over the past six years, with 
clearer peaks seen with increasing age (Figure 1). In 65+ year olds, peaks in mortality were seen 
each winter with the highest peak in 2008/09, followed by 2010/11. The proportion of deaths coded 
as pneumonia and influenza corresponded to the peaks in all-cause mortality in terms of relative 
magnitude and timing. In under 65 year olds, peaks in proportion of pneumonia and influenza 
deaths only corresponded with all-cause mortality in some seasons, although the largest peak was 
consistently seen across age groups in 2010/11.  
 
Other mortality causes were analysed, with some showing some fluctuation and winter peaks in 
mortality. The number of deaths actually coded as influenza was low, with a peak of 112 in week 1 
2011 and a total of 896 (range 19 in 2007/08 to 523 in 2010/11) reported over the six winter seasons. 
Because of these low numbers, this cause was not analysed, along with other causes because of low 
numbers reported or inconsistent coding practices across the period of study.  
 
Influenza incidence was temporally consistent with notable peaks in mortality (Figure 1). The highest 
peaks in influenza A and B activity were reported in 2010/11 when the pandemic A(H1N1) virus 
continued to circulate. The next highest peaks for influenza A subtypes were seen during the first 
wave of the pandemic in 2009 (A(H1N1)pdm09) and the winter of 2008/09 (A(H3N2)). Similar peak 
activity was reported in 2006/07 (A(H3N2)) and 2009/10 (A(H1N1)pdm09), with comparatively 
lower incidence in 2007/08 (A(H1N1)) and 2011/12 (A(H3N2)) when the lowest peak incidence was 
reported, which was comparatively late. The peak in incidence was not therefore consistent across 
the seasons by influenza A subtype. Influenza B additionally circulated in 2007/08 and 2008/09 with 
lower incidence than seen for influenza A in those seasons. Minimal influenza B activity was 
observed in 2011/12 and no activity was seen in 2006/07 and 2009/10.  
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Figure 1. Weekly number of all-cause deaths by age group. 

 
The weekly numbers of all-cause deaths are blue and the proportion of those deaths classified as pneumonia 
and influenza (ICD-10 J9-J18) are red. Weeks shaded grey correspond to significant influenza activity, defined 
as an influenza incidence proxy (influenza-like illness consultation rates multiplied by proportion of samples 
positive for influenza) greater than 0 for three consecutive weeks. Horizontal black lines correspond to weeks 
with significant RSV activity, defined as a RSV incidence proxy (acute bronchitis consultation rates multiplied 
by proportion of samples positive for RSV) greater than 0 for three consecutive weeks. Orange circles 
correspond to weeks in which mean CET was below 0⁰C. 

 
The highest peaks in RSV incidence were seen in 2006/07 and 2009/10 and a similar peak incidence 
to influenza A reported in those seasons. Lower peaks in incidence were seen in other seasons with 
two peaks evident in 2010/11 either side of the peak in influenza activity.  
 
Mean CET followed a cyclical pattern each season inverse to mortality, peaking in June/July and 
reaching a minimum in December/January, temporally coinciding with peaks in influenza activity 
and mortality. Cold winters have been seen in the past few years with the lowest mean CET seen in 
2010 (-4.2⁰C in week 51 (2010/11) and -2.6⁰C in week 1 (2009/10)). Mean weekly temperatures 
below 0°C were also recorded in 2008/09 (week 1 2009), 2010/11 (weeks 48 and 50) and late in 
2011/12 (weeks 5 and 6 2012) (Figure 1). 
 
Model selection 
When assessing representation of viral activity, influenza A, influenza B and RSV incidence 
(positivity*clinical activity) provided the best model fit compared to the number of positive samples 
and proportion of samples positive. Including a lag of up to two weeks from infection to death 
resulted in a better model fit for influenza A and RSV, while the best fit for influenza B was no lag 
between week of infection and week of death. This discrepancy between the types of influenza is 
supported by information from surveillance of confirmed influenza fatalities in 2010/11 where 
A(H1N1)pdm09 confirmed fatalities had a significantly longer lag than B confirmed fatalities 
(unpublished data). Average weekly mean CET resulted in a better model fit than maximum or 
minimum CET with a lag of up to two weeks from temperature to death. This delay is consistent 
with the reported impact of cold weather on mortality[31]. Two knots provided the best fit placed 
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at -3°C and 15°C, corresponding to visible changes in the relationship between the weekly number 
of deaths and weekly mean CET. The underlying weekly seasonal trend was modelled with 13 
degrees of freedom, approximating to a knot every five weeks. 
 
The final model is listed below: 

 
 

 E(Yt) = estimated number of deaths in week t 

 yeari = an indicator variable taking the value 1 if yeart = i and 0 otherwise, where i represents each 
year from i=1 in 2006/07 to i=6 in 2011/12 

 fluai,t = weekly influenza A incidence in week t with lags l of up to two weeks 

 flubt = weekly influenza B incidence in week t with lags l of up to two weeks 

 rsvt = weekly RSV incidence in week t with lags l of up to two weeks 

 tempt = weekly CET measurement in week t with lags l of up to two weeks 

 s(tempt,1,4) = b-spline of degree one with knots positioned at -3⁰C and 15⁰C 

 s(weekt,3,13) = cubic b-spline with 13 degrees of freedom 

 εt = error term 

 
Mortality attributable to influenza 
When assessing all-cause, cardiorespiratory, respiratory and pneumonia and influenza mortality, 
the magnitude of influenza-attributable mortality decreases as the cause becomes more specific. 
All-age all-cause mortality across England and Wales had a proportion significantly attributed to 
influenza A in all seasons, except for the two pandemic waves in summer 2009 and 2009/10 (Table 
1). The highest peak was seen in 2008/09, with 14,222 (95% CI 11,551-16893) deaths significantly 
attributed to influenza A, and the lowest in 2007/08 with 4,253 (1,688-6,818) deaths. Significant 
excess was only seen during the first wave of the pandemic when assessing pneumonia and 
influenza deaths, with 355 deaths (173-538) attributed. No significant attribution was seen across 
these causes during the second wave of the pandemic in 2009. An average over seasons either side 
of the two pandemic waves (2006/07 – 2008/09 and 2010/11 – 2011/12) of 7694 all-cause, 5,849 
cardiorespiratory, 3,565 respiratory and 1,547 pneumonia and influenza deaths were attributed to 
influenza (Figure 2). In line with clinical observations, the number of influenza A-attributable deaths 
and crude rate increased with increasing age group within each season. No significant influenza B-
attributable mortality was detected across these causes overall or by age group (Tables 2, 3, 4 and 
5). 
 
Prior to the 2009 pandemic, the burden of influenza-attributed mortality was predominantly in 45+ 
year olds with the highest impact seen in 2008/09 when A(H3N2) circulated. The burden of 2008/9 
in 65+ year olds was evident with the highest attributed mortality across the six year times series: 
13,038 (10,657–15,420) all-cause deaths, equating to a crude rate of 150.6 per 100,000 population. 
No significant attributable mortality was seen in under 15 year olds in the pre-pandemic period. The 
largest number attributable in 15-44 year olds was seen in 2008/09 and 2007/08, with little detected 
in 2006/07.  
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Figure 2. Average influenza A attributable deaths by cause of death 

 
Blue boxes correspond to average all-age significant influenza A attributable deaths by ICD-10 chapter. White 
and grey boxes correspond to more specific causes of death within ICD-10 chapters and their average all-age 
significant influenza A attributable deaths. The sizes of the blue, white and grey boxes are proportional to the 
corresponding number of influenza A deaths attributed. Average values were derived from seasons in which 
significant influenza attribution was reported overall. 

 
Conversely during the pandemic, influenza-attributable mortality was focussed in 15-44 year olds, 
the only age group in which significant influenza A attributable mortality was detected during the 
second wave of the pandemic with 211 (25-397) all-cause deaths and 54 (15-94) pneumonia and 
influenza deaths attributed. During the first wave of the pandemic, significant excess all-cause 
mortality was only seen in this age group, with excess only significant in older age groups when 
looking at respiratory deaths. For pneumonia and influenza deaths, 55 (26-83) respiratory deaths 
were attributed in 15-44 year olds, 60 (20-101) in 45-64 year olds and 256 (76-437) in 65+ year olds.  
 
In the first post-pandemic season in 2010/11 when A(H1N1)pdm09 continued to circulate, the start 
of an age shift in mortality from the observations in 2009/10 was seen, although increased burden 
in younger age-groups persisted (Figure 3). The highest number of attributable deaths and crude 
rates were seen across causes (all-cause (Figure 3a), cardiorespiratory (Figure 3b), respiratory 
(Figure 3c) and pneumonia and influenza deaths (Figure 3d)) in under 65 year olds compared to 
other seasons analysed, with the proportion of all-cause deaths attributable to influenza in 15-44 
year olds (4.4% of deaths in 15-44 year olds in 2010/11) similar to the proportion of deaths in 65+ 
year olds in 2008/09 attributable to influenza (4.6%). 895 (536-1,254) pneumonia and influenza 
deaths were attributed in 65+ year olds, equating to a proportion of 0.3% of all-cause deaths, less 
than seen in under 65 year olds (1.7% in 15-44 year olds, 1.4% in <15 year olds and 1.0% in 45-64 
year olds).  
 
In 2011/12 when A(H3N2) was circulating, there was no significant influenza-attributable mortality 
detected in 15-44 and 45-64 year olds in all-cause, cardiorespiratory, respiratory or pneumonia and 
influenza deaths. Significant excess was seen in 65+ year olds, with all-cause attribution (5,834  
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Table 1. Number of influenza A attributable all-cause deaths (95% Confidence Interval) by primary 
ICD-10 cause of death and influenza season with the dominant circulating influenza A subtype 

 
Bold figures correspond to significant estimates. 
1Acute Myocardial Infarction. 
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Table 2. Number of all- cause influenza-attributable A and B deaths (95% Confidence Interval) and 
rate per 100,000 population by age group, influenza type and influenza season 

 
Bold figures correspond to significant estimates. 
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Table 3. Number of cardiorespiratory coded influenza-attributable A and B deaths (95% Confidence 
Interval) and rate per 100,000 population by age group, influenza type and influenza season 

 
Bold figures correspond to significant estimates. 

 
deaths, 3,539-8,346) similar to that seen in 2010/11 (5,867 deaths, 3,389-8,346). However as the 
cause became more specific, the relative proportion of influenza-attributable deaths compared to 
2010/11 decreased and became more similar to low numbers seen in 2007/08 when A(H1N1) was 
circulating. Significant excess was also seen in under 15 year olds in pneumonia and influenza coded 
deaths (15, 2-27). 
 
YLL quantification estimated a seasonal average of 55,238 YLL attributed to influenza A strains other 
than the pandemic strain with all-cause data.  The highest number in non-pandemic years was seen 
in 2006/07 (84,907 YLL). During the two waves of the pandemic in 2009/10, a total of 39,032 YLL 
were attributed with all-cause data, 71% of the average number attributable to other A subtypes. 
The largest YLL burden was seen in 2010/11 when A(H1N1)pdm09 continued to circulate (105,013 
YLL). Incorporating with the above 2009/10 pandemic estimates attributed a total of 144,045 YLL to 
that strain for the period from 2009 to 2011. With pneumonia and influenza mortality data, a 
seasonal average of 15,970 YLL were attributed to influenza A strains other than the pandemic 
strain, with the highest number seen in 2008/09 (37,781 YLL). 15,035 YLL were attributed to 
A(H1N1)pdm09 during the two waves of the pandemic in 2009 with pneumonia and influenza 
mortality data, 94% of the average seasonal number. The total attributable to that strain was 44,689 
YLL when 2010/11 was included (29,654 YLL).  
 
When analysing the contribution of various causes to average all-cause influenza A attribution 
through independently fitted regression models, an additive relationship was observed (Table 1 and 
Figure 2). The proportion of all-cause attributable influenza deaths coded as cardiorespiratory in 
seasons either side of the two pandemic waves averaged 76%, although the proportion in  
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Table 4. Number of respiratory coded influenza-attributable A and B deaths (95% Confidence 
Interval) and rate per 100,000 population by age group, influenza type and influenza season 

 
Bold figures correspond to significant estimates. 
 

2011/12 was less than seen in other seasons (61% vs. 76-84%). With further cause-specific analysis, 
approximately 60% were attributable to deaths coded as respiratory and 40% to cardiovascular 
causes. Within respiratory deaths, an average of 43% was assigned to pneumonia and influenza 
coded deaths and 67% of the other respiratory causes attributed to lower respiratory infections. 
Within cardiovascular deaths, the majority (66%) were found in heart causes. 
 

The remaining 24% not attributed to cardiorespiratory deaths were detected in other causes. 
Significance was reached by ICD-10 chapter in certain infectious and parasitic causes, endocrine 
causes (within which 44.6% were attributed to diabetes), mental and behavioural disorders and 
nervous system causes (within which 41.5% were attributed to degenerative nervous system). There 
was still no significant attributable excess during the two waves of the pandemic in causes other 
than cardiorespiratory apart from certain infectious and parasitic causes in the first wave (141 (8-
294) deaths). Deaths resulting from traffic accidents were included as a control – no significant 
influenza-attributable excess was detected overall or by season for this group. 
 
 

Discussion 
 

Influenza-attributable mortality has varied by season over the past few years and in particular by 
age group. Following a severe influenza A(H3N2) season in 2008/09 in 65+ year olds, attributed 
mortality was low during the A(H1N1) pandemic in this age group, with no significant influenza-
attributable mortality detected during the winter of 2009/10 and comparatively low levels seen the 
following seasons. This is in contrast with 15-64 year olds where the largest burden in the past six 
seasons was seen in 2010/11 due to A(H1N1)pdm09, additionally highlighted by the YLL attributed 
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Figure 3. Proportion of all-cause deaths attributable to influenza A by age group and season when 
assessing coded causes of death 

 
Proportion of all-cause deaths attributable to influenza A by age group and season where significant 
(corresponding confidence intervals not crossing 0). The number of influenza A-attributable deaths 
correspond to the following datasets analysed: all-cause deaths (Figure 3a), cardiorespiratory deaths (Figure 
3b), respiratory deaths (Figure 3c) and pneumonia and influenza deaths (Figure 3d). Dominant influenza A 
subtype by season is indicated. 
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Table 5. Number of pneumonia and influenza coded influenza-attributable A and B deaths (95% 
Confidence Interval) and rate per 100,000 population by age group, influenza type and influenza 
season 

 
Bold figures correspond to significant estimates. 

 
during this season. No significant excess was seen in <15 year olds prior to 2010/11. The pattern of 
mortality during the 2009/10 pandemic by age group mirrors that of earlier pandemics with a 
disproportionate effect on younger adults. When all-age influenza excess mortality was assessed by 
cause of death, the majority was attributed to respiratory and cardiovascular causes but nearly a 
quarter was detected in other causes. For all age groups, no significant influenza B attributable 
mortality was detected by season or cause. 
 
Prior to the pandemic, the highest overall burden was seen in 2008/09 in 65+ year olds when 
A(H3N2) was circulating. The severity of this strain in this season in the elderly in the UK has been 
reported previously through various surveillance data sources[36]. Conversely, A(H1N1) circulation 
in 2007/08 resulted in a comparatively larger impact in 15-44yrs and a smaller one in 65+ year olds. 
This is similar to other work outside the UK which attributes a higher burden of influenza-associated 
mortality (as measured by excess mortality rate) to A(H3N2) relative to A(H1N1) [4,37]. For 
comparable seasons and age groups, the all-cause estimates are lower than previously reported in 
the UK[9,38], although these analyses were done on earlier seasons of data with higher levels of 
influenza activity. Additionally, previous work looked at positive counts of respiratory virus[9], 
rather than considering the proportion of samples positive and clinical activity, which could 
overestimate attributable mortality[26]. Sensitivity analysis with the model confirmed this with an 
average of 9,886 all-age all-cause deaths (7,603-12,169) attributed with positive counts, compared 
to 7,333 (4,624-10,042) using positivity and 7,628 (5,219-10,037) using incidence. Nevertheless, 
influenza attribution is fairly robust to the model fitted with various indicators of influenza and, as 
reported elsewhere[4,24], the use of a combination indicator incorporating virological and clinical 
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observations gave a good model fit and reflected influenza activity observed in the community. 
 
Crude all-age rates in these three pre-2009 pandemic seasons average 16.3 per 100,000 all-cause 
deaths to 3.5 per 100,000 pneumonia and influenza, driven largely by the severity of 2008/09. Other 
pre-pandemic figures produced globally in the US[24], Hong Kong[4], Spain[5] and Brazil[6] report a 
comparable lower level of around 11 per 100,000 all-cause deaths and 1-2 per 100,000 pneumonia 
and influenza deaths. However these analyses were done pre-2009 pandemic and looked at a larger 
number of seasons back to the early 1990s. Additionally, during the 2008/09 season, a less severe 
A(H1N1) strain predominated in the Americas[39] compared to A(H3N2) in Europe. 
 
During the 2009 pandemic, little excess influenza mortality was seen[9]. Overall, 1,590 all-cause 
deaths during the first two waves in 2009/10 were attributed to the pandemic strain with a near 
equal distribution between the two waves, although neither wave reached significance. Crude rates 
averaged 1.4 per 100,000 all-cause deaths and 0.6 per 100,000 pneumonia and influenza deaths 
which is less than the pre-pandemic estimates above. 15-44 year olds were most affected and excess 
was only detected in older age groups when more specific respiratory cause data was analysed. In 
previous work, no significant attribution was detected in any age group during the two waves and 
the estimates here are higher for comparable age groups[9]. Countries in the northern hemisphere 
who have published estimates of influenza-attributable mortality during the pandemic[10,11,12,37] 
and global estimates[7,8] confirm the pattern seen here, with a lower burden compared to 
estimated typical seasonal influenza and the burden primarily localised in young people. Compared 
to the reported A(H1N1)pdm09 confirmed fatalities in England during the pandemic, the estimated 
all-age number is approximately three times higher (1,590 vs. 492). The distribution of attributed 
deaths differed to confirmed reports with the majority of confirmed cases occurring during the 
second wave and a higher proportion in younger age groups, although significance in this model was 
primarily seen for 15-44 year olds (not in the 65 plus age-group).  
 
In the first post-pandemic season in 2010/11, 15-44 year olds were notably affected, with the largest 
excess reported in seasons analysed here and previously[9]. Attributable mortality was over double 
seen in previous seasons in all-cause deaths and over triple in pneumonia and influenza deaths, with 
YLL calculation highlighted the burden further. The burden in 45-64 year olds was also high, with 
this age group notably affected both in this season and in 2008/09. Significant attributable mortality 
was also detected in 65+ year olds in 2010/11 (whereas it was not in 2009/10), though not to the 
extent of under 65 year olds. While the relative increase in impact of the pandemic strain from 
2009/10 to 2010/11 has been reported elsewhere for both influenza confirmed hospital and 
intensive care admissions and fatalities in England and Wales[13], this is the first time it has been 
demonstrated through population level mortality attribution.  
 
2011/12 was considered to be a comparatively mild influenza season with the sparing of significant 
attributable mortality in 15-64 year olds. However, significant excess was observed in the elderly, 
consistent with numerous reports of outbreaks of influenza A(H3N2) in vulnerable institutions such 
as care homes, often with associated fatalities[20]. Cause-specific analysis attributed proportionally 
fewer influenza deaths to cardiorespiratory causes, with the figure more similar to that seen in the 
2007/08 A(H1N1) season than previous A(H3N2) seasons. Therefore despite some surveillance 
schemes suggesting low influenza activity, it is important not to underestimate the impact of 
influenza, particularly A(H3N2) on mortality. 
 
Crude rates in these two post-pandemic seasons average 10.4 per 100,000 all-cause deaths and 1.9 
per 100,000 pneumonia and influenza, more than during the pandemic but less than seen pre-
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pandemic which is likely a result of burden in young people in 2010/11 (rather than the elderly) and 
a mild influenza season in 2011/12. Estimates of burden during these seasons from other countries 
have yet to be published and it will be interesting to compare observations once estimates are 
available. In contrast with the UK, influenza activity in 2011/12 generally had higher intensity levels 
compared to 2010/11 in several European countries[40] and in 2012/13, other countries have 
reported severe activity associated with A(H1N1)pdm09 and A(H3N2)[41,42]. The considerable 
variation by age group and season of influenza-attributable mortality in recent years highlights the 
importance of regular seasonal analysis of excess mortality and providing age-group specific 
estimates, in particular when interpreting the impact of interventions such as vaccination. 
 
No significant influenza B attributable mortality was detected by season, age group or cause. Low 
numbers were detected apart from in 2010/11 where 4% of all-cause influenza-attributable deaths 
resulted from influenza B, a similar proportion to that seen in confirmed fatalities across the UK (7%, 
40/582)[13]. Significance may not have been reached due to the sensitivity of the model. However 
the low numbers attributed suggest the contribution of influenza B to influenza mortality in England 
and Wales is low as seen in other countries[4,24]. Analysis of the 2012/13 season in England and 
Wales when data is available will be useful to compare, with the season initiated by circulation of 
influenza B followed later by influenza A(H3N2) and peaks in excess all-cause mortality temporally 
coinciding with circulation of both types[43,44]. 
 
This is the first time cause-specific influenza-attributable mortality modelling has been done in 
England and Wales since the 2009 pandemic. The majority of influenza deaths were detected in 
respiratory and cardiovascular causes, the proportion of which was similar to recent estimates 
elsewhere[4,24] with a low number of deaths actually coded as influenza each season. During the 
pandemic, excess mortality attributable to influenza only reached significance in certain age groups 
when assessing pneumonia and influenza mortality data despite infection-confirmed deaths 
reported in those age groups. Modelling of cardiorespiratory cause data provides increased 
specificity for influenza-attributable mortality, however nearly a quarter of influenza-attributable 
deaths were detected in other causes. Therefore it is important to undertake estimates using all-
cause data to provide an upper estimate, with increased specificity provided when using 
cardiorespiratory and respiratory end-points.  
 
In causes other than cardiorespiratory, significant attribution was seen in ICD-10 groups such as 
mental and behavioural disorders (Chapter V), nervous system (including degenerative nervous 
system conditions) (Chapter VI), endocrine (including diabetes) (Chapter IV) and certain infectious 
and parasitic diseases (Chapter I). Statistically estimated influenza mortality attributed to deaths 
coded as resulting from mental and behavioural disorders has not previously been investigated in 
depth. However influenza outbreaks are reported in dementia care units[45] and looking at the time 
series there is a clear seasonality, with peaks in winter months and an increasing trend in recent 
seasons. Infectious and parasitic disease deaths also had winter peak seasonality and significant 
attribution in some seasons. One potential explanation is the coding of secondary bacterial 
infection, following influenza infection, as primary cause of death. More detailed assessment of 
codes within these chapters resulting in peaks could determine the pathogens implicated and if 
attribution to influenza is likely.   
 
Overall when comparing cause attribution with other countries, the proportion attributed to 
degenerative nervous system conditions and diabetes was similar to the US[24]. There was no 
significant average attribution to neoplasm, digestive, genitourinary and external cause deaths, 
which persisted when specific causes within the chapters were assessed (malignant neoplasms, 
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chronic liver conditions, chronic renal conditions and traffic-associated deaths respectively). There 
was no significant attribution to renal disease, despite results similar to pre-pandemic observations 
in the US[24] and Hong Kong[4] and it being known to be a risk factor for severe influenza[25]. Aside 
from model sensitivity, further work needs to look at procedures underlying coding this condition 
as a primary mortality cause to help determine if lack of significant attribution is true. For all causes, 
despite a standard ICD10 coding system between countries, it is difficult to be confident in 
comparability as coding procedures are likely to differ; evaluation of these practices between 
countries is recommended[34]. 
 
It is important to have different statistical approaches to estimating influenza mortality due to 
underreporting as a cause of death. Further work should be done on assessing different statistical 
models for attributing mortality and to have results as comparable as possible between 
countries[46]. As seen previously, the model fits and better predicts when peaks in mortality are 
evident in older age groups. Despite known influenza fatalities occurring in <15 year olds, little 
significant influenza-attributable mortality was detected, with some influenza A attributed 
pneumonia and influenza deaths in 2010/11 and 2011/12. While this suggests that influenza has 
little impact on mortality in under 15 year olds, the model had a better fit in older age groups and 
did not fully capture spikes in younger age groups, suggesting this type of modelling is unsuitable 
for detection in mortality patterns without clear peaks[9], even with cause-specific data. Assessing 
impact on mortality in this age group might therefore be more effective by another approach such 
as individual level active surveillance for fatal influenza-related deaths or proxy indicators such as 
proportion of death registrations with specific cause of death codes. Use of virological and clinical 
data by age group may better capture these peaks, although small sample sizes by age group may 
result in indicators that are too noisy. Further work is required to assess the pattern of age-specific 
indicators of influenza activity and how much this impacts on calculated mortality attribution.  
 
RSV activity and temperature were controlled for in this analysis. In the previous manuscript[9], the 
number of positive samples was modelled and RSV counts were very high in comparison to influenza 
counts which may have resulted in an overestimation of RSV-attributable mortality. However 
underestimation may have resulted through calculation of incidence, with comparatively lower 
values and less clear peaks defined. This may have resulted from insufficient scaling of the number 
of samples positive through sentinel swabbing schemes. Due to the potential biases of RSV sampling 
and detection by age group, as mentioned above the use of age-specific virological data rather than 
an all-age total may better capture virological activity. Additionally, the use of all-age acute 
bronchitis as a clinical indicator may not have been specific enough to RSV and influenced by other 
viruses[28]. Work needs to be done to assess if age-specific acute bronchitis rates provide added 
benefit or if there is another more sensitive clinical measure of RSV activity to define the most 
suitable indicator of RSV activity comparable to influenza. Sensitivity analyses looking at the impact 
of RSV on influenza estimates showed little variation in influenza estimates when RSV was excluded 
from the model.  
  
While RSV typically circulates prior to influenza, making its effects easier to separate, low 
temperatures coincided with influenza activity each winter, even when the latter was comparatively 
late in 2011/12, perhaps suggesting an interaction. It is therefore difficult to separate the effects of 
these two variables; further work should be done on understanding and quantifying the interplay 
between them. The model attributes a considerable amount of unaccounted seasonally varying 
mortality to temperature – further work is thus required to determine what other additional factors 
not considered here such as other viruses or bacteria or climatic dynamics might contribute to this 
variation. 
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When interpreting this work, it is important to consider that this is an ecological analysis. 
Additionally, region-specific variations have not been assessed in this paper; a distinctive geographic 
pattern of influenza transmission occurred in England during the pandemic[1] and it would be 
interesting to quantify the burden by region adjusting for underlying risk differences. When 
assessing the data, only all-age values were used to calculate activity indicators, preventing age-
group specific values being constructed which may more accurately capture age group specific 
attribution. Influenza A subtype specific attributable mortality was based on the dominant 
circulating strain each season as detailed subtype information was not available for the full period 
of analysis. Once sufficient data is available, influenza A subtypes can be modelled separately. For 
cause-specific analysis, only primary underlying cause of death statistic was available which may 
result in either underestimation or overestimation of the number of deaths reported by cause and 
subsequently the number of deaths attributable to influenza. When calculating YLL, the impact of 
an individual being in a risk group for severe influenza on their life expectancy independent of 
influenza infection was not considered. The proportion of fatal influenza cases in a clinical risk group 
are typically higher than seen in the general population due to increased likelihood of a severe 
outcome. Not accounting for this will overestimate the burden of YLL attributed to influenza. Further 
work needs to assess and quantify this. 
 
In conclusion, influenza-attributable mortality varied considerably by season and by age group, 
highlighting the importance of regular seasonal analysis. In concordance with other infection and 
severity indicators, the burden of seasonal influenza shifted from the elderly to young adults when 
the 2009 pandemic strain was circulating which continued into 2010/11 when a larger impact was 
seen. In 2011/12 significant excess was still again seen in the elderly despite an overall mild season, 
although impact was not as severe as in previous A(H3N2) seasons. While the majority of influenza-
attributable mortality was detected in cardiorespiratory deaths, it was also seen in other causes, 
highlighting the importance of continuing to produce all-cause estimates as well as cause-specific 
ones. 
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Abstract 
 
General Practitioner consultation rates for influenza-like illness (ILI) are monitored through several 
geographically distinct schemes in the UK, providing early warning to government and health 
services of community circulation and intensity of activity each winter. Following on from the 2009 
pandemic, there has been a harmonization initiative to allow comparison across the distinct existing 
surveillance schemes each season. The moving epidemic method (MEM), proposed by the European 
Centre for Disease Prevention and Control for standardizing reporting of ILI rates, was piloted in 
2011/12 and 2012/13 along with the previously proposed UK method of empirical percentiles. The 
MEM resulted in thresholds that were lower than traditional thresholds but more appropriate as 
indicators of the start of influenza virus circulation. The intensity of the influenza season assessed 
with the MEM was similar to that reported through the percentile approach. The MEM pre-epidemic 
threshold has now been adopted for reporting by each country of the UK. Further work will continue 
to assess intensity of activity and apply standardized methods to other influenza-related data 
sources. 
 
 

Introduction 
 
In common with other northern hemisphere countries, circulation of influenza is seasonal in the UK, 
with peak activity typically seen between November and March each year. As seasonal influenza 
epidemics result in substantial mortality and morbidity in the population and cause sickness absence 
from work and schools, rapid detection of the onset of influenza and monitoring of the intensity of 
activity each season are key objectives of influenza surveillance to ensure timely mobilization of 
health service resources and allocation of appropriate control and prevention interventions, in 
particular triggering use of antivirals in the community. 
 
Several surveillance schemes are in place for indicating the start and assessing the intensity of 
influenza activity (defined for the rest of this paper as the magnitude of monitored rates) in the 
population. These include General Practitioner (GP) and other syndromic surveillance schemes 
(monitoring in near real-time data on patients presenting to healthcare services with signs and 
symptoms suggestive, or characteristic of influenza[1]), laboratory reporting, hospitalizations and 
mortality surveillance[2]. Within the UK, there are several sentinel GP surveillance schemes 
monitoring influenza-like illness (ILI) consultation rates in primary care. Each geographically distinct 
scheme has a distinct pre-assigned threshold which, when breached, denotes the start of significant 
influenza circulation in the community. An important clinical consequence of the threshold is its use, 
along with other influenza surveillance indicators, to inform the decision to trigger the prescription 
of antiviral use in the community based on National Institute for Health and Clinical Excellence 
(NICE) guidelines[3,4]. For each scheme, threshold assignment has historically been based on both 
statistical assessment and epidemiological judgement. Threshold values are occasionally reviewed 
in response to observed changes in the surveillance scheme, the data received and other factors 
such as changes in trends in healthcare-seeking behaviour[5,6]. Despite these revisions, the current 
thresholds used in the various UK schemes appear to be inconsistent with the lower rates of activity 
reported in recent seasons. This inconsistency can result in the threshold failing to provide an early 
warning of the start of influenza activity and consequently reducing its relevance to public health 
professionals. 
 
While factors such as ILI definition adherence and consistency in recording can differ between 
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sentinel practices within a scheme, there are more general differences between UK GP ILI 
consultation schemes for other factors, as illustrated in Table 1, as well as variation in healthcare-
seeking behaviour. These differences prevent direct comparison of reported rates and also prevent 
collation of data across the schemes to produce a representative figure of influenza activity for the 
UK as a whole. Prior to the 2009 influenza pandemic, there had been an on-going initiative to 
harmonize ILI GP consultation surveillance schemes across the four countries of the UK (England, 
Wales, Scotland, Northern Ireland), including adopting common age groups and case definitions, as 
well as a convergence of data collection methods, with schemes extracting data directly from GP 
clinical systems. Following the 2009 pandemic and subsequent recommendations[7,8], it was 
proposed by a UK working group[9] to standardize primary-care data through calculation of 
empirical percentiles of historical ILI rates for each scheme to statistically categorize and assess the 
intensity of the current influenza season[10]. 
 
Currently, the start of activity and intensity reached is reported weekly to the European Centre for 
Disease Prevention and Control (ECDC) and the World Health Organization (WHO) based on 
subjective interpretation by each member state[11]. To address the inevitable reporting 
inconsistencies, ECDC announced prior to the 2011/2012 influenza season a pilot utilizing the 
moving epidemic method (MEM), a standardized approach for ILI reporting developed in Spain[12–
14]. Through MEM, an epidemic threshold for ILI rates is calculated to denote, once crossed, the 
start of significant influenza activity, with subsequent thresholds denoting categories of intensity of 
activity. 
 
As ECDC’s proposal coincided with the harmonization work being carried out in the UK, it was 
decided that both the MEM and percentile approaches would be internally piloted across the UK 
using the GP sentinel surveillance schemes and the English Respiratory Datamart laboratory 
reporting system (RDMS)[15] during the 2011/12 influenza season and, since low levels of influenza 
activity were seen in that season, again during the winter of 2012/13. This report presents the 
findings of that pilot, of which the key aims were to: 
 

 Evaluate how the MEM and percentile approaches performed during the 2011/12 and 
2012/13 influenza seasons detecting the onset of the influenza season in each of the 
countries of the UK. 

 Determine whether the MEM and percentile approaches were able to standardize the 
reporting of ILI activity between schemes within the UK and allow a comparative assessment 
of intensity of activity. 

  
 

Methods 
 
Data 
Weekly ILI GP consultation rates per 100 000 population were collated from the following sentinel 
GP surveillance schemes: the Royal College of General Practitioners (RCGP, coverage in England and 
Wales), Health Protection Scotland, Public Health Wales and Public Health Agency Northern Ireland. 
A key prerequisite of calculations through both the MEM and percentile approaches is the 
availability of sufficient comparable historical data to estimate typical influenza activity. The 
maximum available data up to 10 years prior to the 2011/12 influenza season was used (2000/01–
2008/09 and 2010/11), and updated to 10 years prior to the 2012/13 influenza season the  
 



    Chapter 2. Factors to consider when assessing programme impact 

Page 49 of 179 

  

Table 1. Differences between schemes preventing direct comparison of GP ILI consultation rates, UK 

 
GP, General Practitioner, ILI, influenza-like illness. 
aSeasons with prior available data compatible for the purpose of this study. 
bIllness definition that qualifies as a reported ILI episode. 
cHow the codes are extracted from the GP reporting schemes and frequency of extraction. 
dThe proportion of the population represented by the scheme. 
eWhat type of consultation is included in the reported rate by patient (primary or repeat). 
fThere was a change in the reporting scheme in Wales in 2010/11 and so data prior to this had to be scaled 
to be compatible. 
gThere was a change in the reporting scheme in Scotland in 2011/12 and so data prior to this had to be scaled 
to be compatible. 
hMorbidity, prescribing and clinical Information recorded by GPs in electronic medical records is stored as 
Read codes, which can be mapped to the International Classification of Diseases (ICD) and to the British 
National Formulary classification of drugs for analysis. 

 
following year (2001/02–2008/09 and 2010/11–2011/12), excluding 2009/10 when the A(H1N1) 
pandemic occurred. Public Health Wales changed its scheme in 2010/11 from a manual paper-based 
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reporting system using a clinical case definition to an automated system and Scotland’s reporting 
system was altered in 2011/12 as a result of changes in computer software in general practice[16]. 
Therefore historical data was not directly comparable for these schemes. To adjust the Welsh data, 
a simple linear regression was used to calibrate historic observations to be compatible with the new 
reporting scheme. Previous seasons were scaled using the relationship between the old and new 
schemes estimated from available data from the 2010/11 and 2011/12 seasons when both schemes 
were operational. A similar process was done for Scottish data to allow participation during the 
2012/13 season. Week number each season was calculated using the International Standards 
Organization (ISO) definition[17]. When there was a week 53, weeks were matched by date, with 
week 53 recoded as week 1, week 1 recoded as week 2 and so forth up to week 19 recoded as week 
20. 
 
MEM approach 
The MEM approach uses historical data to calculate the typical timing and duration of an influenza 
epidemic by determining the minimum number of weeks with the maximum cumulative rate[12]. 
By matching weeks of each season according to their relative location in the modelled epidemic 
period, the typical epidemic period curve was calculated. The remaining weekly rates before and 
after this period in each season were then categorized as preand post-epidemic, respectively (see 
Fig. 1a for a diagrammatic representation). The pre-epidemic threshold was calculated by taking the 
upper limit of the 95% confidence interval (CI) of the geometric mean of the pre-epidemic rates. 
Intensity of activity once the pre-epidemic threshold was breached was classified as ‘low’, ‘medium’, 
‘high’ and ‘very high’ according to MEM designated cut-off points. The calculations were run in R 
2·12·1 (R Development Core Team, Austria) using the publicly available MEM 
package[18]. 
 
Percentile approach 
Empirical percentiles of the overall distribution of weekly ILI rates of past seasons for each scheme 
were calculated using the established Mood et al. method[19]. The general principle utilized is that 
over a sufficiently long time period, the overall impact of influenza will be broadly similar in each 
country[9,10], with calculation of specific values dependent on the pattern and relative magnitude 
of previous influenza epidemics. Arbitrarily, the 50th, 75th, 85th, 95th and 99th percentiles were 
used as cut-off points to categorize ordered weekly ILI rates (see Fig. 1b for a diagrammatic 
representation) and compared to MEM cut-off points. The calculations were run in Stata v. 12 
(StataCorp, USA). 
 
Assessment 
For 2011/12 and 2012/13, percentile and MEM categories were calculated and cut-off points 
compared to weekly ILI consultation rates from week 40 (beginning of October) to week 20 (mid- 
May). ILI consultations can result from respiratory pathogens other than influenza. To confirm ILI 
rates likely resulted from influenza in England, the proportion of samples positive for influenza each 
week in 2012/13 through the RDMS[15] was run through the MEM and percentile approaches to 
see if there was a consistent pattern. As RDMS was established in 2009/10 following on from the 
2009 influenza A(H1N1) pandemic, only 3 years of historic data were available (2009/10, 2010/11, 
2011/12). Other routine surveillance data sources, including sentinel swabbing from the GP 
practices and influenza-confirmed hospitalizations[20, 21] were compared to ILI consultation rates. 
Spearman rank correlation coefficients were calculated between ILI consultation rates and other 
data sources to determine concordance. 
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Figure 1. Illustration of (a) the moving epidemic method approach and (b) the percentile approach. 
RCGP, Royal College of General Practitioners; ILI, influenza-like illness. 

 
 
 
 

Results  
 

Influenza activity 
Overall seasonal influenza activity was very low in 2011/12 across the UK, with clinical indices 
(reporting on patients consulting a healthcare professional at any level of care) peaking in 
February/March 2012 and influenza A(H3N2) the dominant subtype detected (with a small 
proportion of influenza B co-circulating). Despite low ILI consultation rates reported[20], influenza 
was observed to be circulating in the community, as shown by the large number of reported acute 
respiratory outbreaks associated with influenza[20]. During the following year, 2012/13, a 
prolonged influenza season was observed. Peak clinical indices were low across the UK, although 
activity peaked at higher levels than seen in 2011/12. Nationally in England, Northern Ireland and 
Wales, influenza B circulated first followed by influenza A(H3N2); however, in Scotland influenza 
A(H3N2) circulated and peaked prior to influenza B[22].  
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Table 2. Weekly estimated MEM thresholds and percentile values for ILI GP consultation rates per 
100 000 population and proportion of samples positive for influenza through RDMS, 2011/12 and 
2012/13, UK 

 
MEM, Moving epidemic method; ILI, influenza-like illness; RDMS, Respiratory Datamart System; RCGP, Royal 
College of General Practitioners. 

 
Figure 2 shows the weekly time series of key influenza surveillance indicators. For both seasons, 
additional surveillance indicators such as swab positivity through RDMS and laboratory-confirmed 
influenza hospitalizations showed influenza activity increased and peaked at a similar time to that 
seen through primary-care ILI consultations. Spearman rank correlation coefficients between the 
data sources showed reasonable agreement with ILI (a coefficient with influenza positivity of 0·665 
(95% CI 0·493–0·781) and 0·836 (95% CI 0·741–0·892) with influenza-confirmed hospitalizations). 
Figure 3a shows weekly values for each scheme and is colour-coded according to how the value 
compares with MEM intensity classification (Table 2). For example, ‘low’ activity corresponds to a 
value higher than the pre-epidemic threshold and lower than the medium threshold. Figure 3b 
shows the same values colour-coded according to how they compare to percentile cut-off points. 
Peak influenza positivity through RDMS coincided with peaks in ILI consultation rates. 
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Figure 2. Weekly Royal College of General Practitioners (RCGP) influenza-like illness (ILI) GP 
consultation rates per 100,000 population compared to confirmed influenza A and B 
hospitalizations* and proportion of samples positive for influenza† (England), 2011/12 and 2012/13. 

 
*A sentinel network (USISS sentinel hospital network) of acute NHS trusts has been established in England to 
report weekly laboratory-confirmed influenza cases hospitalized at all levels of hospital care.  
†The Respiratory Datamart System is a laboratory-based surveillance scheme, including both positive and 
negative results, and has been established in England to monitor the activity of influenza and other respiratory 
viruses. 

 
Start of the influenza season 
All the MEM pre-epidemic thresholds (Table 2) calculated were lower than the traditional thresholds 
across schemes and seasons. When the MEM approach was directly compared to the percentile 
approach, the MEM pre-epidemic threshold levels were found to be most comparable to the 75th 
percentile values for all schemes looked at (Table 2). 
 
In 2011/12, the traditional thresholds were not crossed in any scheme, despite evidence of 
circulating influenza virus. The MEM pre-epidemic threshold was crossed in the RCGP ILI GP 
consultation scheme at the peak in influenza activity in week 7. This is illustrated in Figure 4 which 
shows for each scheme the traditional threshold and the MEM pre-epidemic threshold. Additionally, 
weeks are colour-coded according to how the values compare to percentile cut-off points as in 
Figure 3b. In the Welsh scheme, the MEM threshold was crossed in week 8 but it was also crossed 
earlier in week 1. Northern Ireland appeared to have comparatively lower ILI GP consultation rates 
which did not cross the MEM threshold, peaking in week 11. 
 
In 2012/13, RCGP’s traditional threshold was only crossed for one week (week 52), Northern 
Ireland’s for two weeks (weeks 1 and 2) and Scotland’s was not crossed at all. However the RCGP 
MEM pre-epidemic threshold was breached in weeks 50–52 and later in week 7, denoting the two 
waves of influenza activity. A similar situation was seen in Scotland (threshold breached in weeks 
1–2 and 5) and Northern Ireland (threshold breached in weeks 1–3 and 6–7). The MEM threshold 
for the Welsh data was exceeded for comparatively more weeks (n=11; weeks 51, 1–3, 5–8, 10–12), 
with larger fluctuation in the dataset seen, while the traditional threshold was only crossed in weeks 
1 and 2. 
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Figure 3. Weekly influenza-like illness (ILI) GP consultation rates per 100 000 population by scheme 
and their corresponding moving epidemic method (MEM) category and percentile category, 
2012/13, UK.  
a) 

 
b) 

 
(a) MEM categories; (b) percentile categories 
RCGP, Royal College of General Practitioners; ILI, influenza-like illness. 

 
When assessing percentile categories, in 2011/12 ILI consultation rates remained at or below the 
first cutoff, the 50th percentile, for most of the season across all the sentinel ILI surveillance  
schemes (Table 2 and Fig. 3). Despite low rates overall, when increased influenza activity was seen, 
the percentile results of the different surveillance schemes showed some concordance in terms of 
an increase in intensity of activity (Fig. 4). In 2012/13, ILI consultation rates were at or below the 
50th percentile for a smaller proportion of the season compared to 2011/12 across all the sentinel 
ILI surveillance schemes (Fig. 4), with an increase above the 75th percentile seen in the same week 
as an increase above the MEM pre-epidemic threshold through the RCGP scheme (week 50), for 
Northern Ireland (week 1) and slightly later for Scotland (week 2, Fig. 3). ILI rates in the Welsh 
scheme showed a larger degree of fluctuation than in other schemes and, as with the MEM 
approach, the fluctuation was also reflected in the assigned percentile category. 
 

Intensity of the influenza season 
During 2011/12, ILI activity either did not cross or only just breached the MEM pre-epidemic 
threshold (Fig. 4) and so MEM-defined activity was only ‘low’ across ILI consultation schemes in this 
season. When comparing to percentile categories, RCGP rates went above the 50th percentile but 
were less than the 75th percentile. A similar level of activity was seen in Northern Ireland but 
comparatively higher percentile categories were reached in Wales, with an increase into the 76th–
85th percentile group (Fig. 4).  
 
In 2012/13, MEM-defined ‘low’ activity was reported through the RCGP, Scotland and Northern 
Ireland schemes, but did not reach a higher MEM activity level (Fig. 3). The similar level of activity 
between schemes is corroborated by peak swab positivity (Fig. 4). However the Welsh scheme 
reached a comparatively higher ‘medium’ level of activity according to the MEM method. When 
assessing percentile categories, higher activity was seen across schemes compared to 2011/12, with 
Wales ILI rates going above the 95th percentile, RCGP and Northern Ireland ILI rates peaking above 
the 85th percentile and Scotland ILI rates peaking above the 75th percentile. Fluctuation between 
percentile categories was seen across the season, more so than with the MEM-defined categories. 
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Figure 4. Weekly influenza-like illness (ILI) GP consultation rates per 100 000 population by scheme* 
with corresponding thresholds and percentile category, 2011/12 and 2012/13† 

 
- - - -, traditional threshold; ·····, moving epidemic method pre-epidemic threshold 
*Data was not available for Scotland for the 2011/12 season due to general practice software 
changes.  
†The weeks are colour-coded as follows: blue, <50th percentile; green, 50–75th percentile; yellow, 75–85th 
percentile; orange, 85–95th percentile; red, 95–99th percentile.  
Red dot indicates week of peak sentinel positivity with corresponding % samples positive for influenza.  
Few samples were received in 2011/12 and so % positive is not shown. 
Fewer than ten samples were received weekly though the Welsh scheme in 2012/13 and so % positive is not 
shown. 
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At the end of the 2012/13 season, rates went consistently below the MEM pre-epidemic threshold 
first for the Scottish scheme, followed by the RCGP and Northern Ireland schemes 2 weeks later and 
then the Welsh scheme a further 5 weeks later (Fig. 3). Decreasing below the 75th percentile 
occurred in the same week for the RCGP scheme, earlier for the Scottish and Northern Ireland 
schemes and later for the Welsh scheme (Fig. 3). 
 
 

Discussion 
 
During the 2011/12 and 2012/13 influenza seasons, the MEM and percentile approaches for 
standardizing influenza activity were piloted and applied to weekly ILI GP consultation rates from 
various sentinel surveillance schemes operational across the UK. Although in 2011/12 low influenza 
activity was observed and the traditional thresholds were not breached, it was still possible to detect 
an increase in activity with both the MEM and percentile defined threshold approaches. In 2012/13, 
the MEM and percentile methods were able to detect the two separate periods of influenza activity 
resulting from influenza A and influenza B observed through other influenza surveillance systems. 
By contrast, the traditional thresholds across the UK were either not breached or only breached 
briefly during one of the peaks. The percentile approach produced similar observations to the MEM 
approach, with both methods allowing a clear comparison of intensity of influenza activity across 
schemes. 
 
The methods presented here continue the threshold development work originally published by 
Fleming et al.[5], which defined epidemic periods of influenza across The Netherlands and England 
and Wales. An important clinical consequence of the threshold is its use, along with other influenza 
surveillance indicators, to inform the decision on the prescription of antivirals in the community at 
the beginning of the season once influenza is considered to have started to circulate in the general 
population[3,4]. In 2011/12 the existing ILI thresholds were not breached, activity levels through 
other schemes were low and influenza circulated relatively late in the season[20], contributing to 
the decision not to trigger community antiviral prescription. The MEM approach in this paper 
produced pre-epidemic thresholds appropriate to both a low activity season in 2011/12, with ILI 
rates crossing the threshold during the week with peak activity and during a more typical yet 
prolonged influenza season in 2012/13 with two waves of activity. The validity of the MEM approach 
was corroborated by similar observations through the percentile approach and through concordant 
timing when assessing RDMS influenza positivity data. 
 
Despite work done to address differences between the ILI surveillance schemes, such as using the 
same clinical case definitions, the baseline rates still appear to differ, which could be due to the 
surveillance scheme, genuine differences in incidence or factors such as healthcare-seeking 
behaviour. Therefore assessing each scheme through a standardized comparison is crucial to assist 
interpretation[23]. When comparing intensity of activity between schemes through both 
approaches, similar levels of activity were reached in England and Northern Ireland in both 2011/12 
and 2012/13, and also in Scotland when assessed in 2012/13. The similar intensity across schemes 
was corroborated by similar peak sentinel GP swab positivity during the season[20,21]. The Welsh 
sentinel GP scheme on the other hand flagged comparatively higher activity in both 2011/12 and 
2012/13 which was more pronounced through the percentile approach. This increase in Wales may 
result from genuinely higher activity, although higher activity was not immediately evident through 
other Welsh surveillance schemes such as hospitalizations[20,21]. The Welsh scheme had a 
comparatively small number of practices and a very variable time series with low absolute rates 
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which may not be compatible with these methods. Further work may need to be undertaken to 
smooth the current and historical data prior to applying these methods to the Welsh data. 
 
The advantage of both the MEM and the percentile statistical approaches presented here is their 
simplicity in combination with accurate representation of the disease burden. There is a rich 
literature detailing methods aimed at detecting the start of influenza activity and which provide an 
alternative to the methods currently under consideration[5,24–27]. Yet many of these are relatively 
complex and require specialist programs to implement. Conversely a limitation of both of these 
methods is the requirement for a substantial number of seasons of consistent historical data to 
accurately calculate values. This time series will be disrupted by any major change in the sentinel 
surveillance schemes, which has occurred several times for some schemes. To overcome this 
limitation, the outdated dataset can be adjusted in line with the recent time series. However, this is 
only realistically possible if there is a simple relationship between the two series. Adjustment 
seemed to work well for the Scottish dataset. However for the Welsh dataset, while plausible results 
were produced it is possible that scaling between the old manual scheme and new automated 
schemes resulted in a threshold value that was too low. Further testing of thresholds and intensity 
categories in seasons with varying influenza activity will determine the suitability of the threshold 
for a dataset with low fluctuating values. 
 
Influenza activity is reported using a range of surveillance indicators. The increase in ILI consultation 
rates was consistent with increases in influenza positivity through samples from patients in primary 
care and influenza-confirmed hospitalizations and other influenza surveillance data sources[20,21]. 
Additionally influenza positivity through RDMS was assessed through this standardized approach 
and produced similar results to ILI consultation rates, indicating increases in the latter likely result 
from influenza. Building on the pilot work, the approaches will be applied to age-specific ILI 
consultation rates and age-specific influenza positivity, as well as expanding to assess other 
surveillance sources such as syndromic data, to see if wider application provides additional useful 
information. Aside from allowing comparable reporting between countries, the hierarchical 
categorization approach for reporting of intensity could be included in statistical models where 
influenza activity is included as a predictor, such as attribution of excess mortality[28]. Influenza 
indicators such as ILI consultations and proportion of samples positive could be modelled singly or 
in combination[23,28,29]; the MEM will improve the representation of influenza activity which will 
in turn improve burden estimates. Determining burden as accurately as possible is crucial for 
assessing the impact on routine surveillance data sources of the seasonal vaccination programme 
in the UK, which has recently been extended to routinely target all children aged 2–16 years through 
a gradual rollout over several seasons[30]. 
 
Comparability of measures of intensity of activity with countries across Europe will be important for 
assessing the timing and impact of the influenza season in different countries. The findings of this 
pilot study reinforce the value of the MEM approach in three ways; by comparing MEM levels to 
several clinical indicators, by evaluating the method during two different influenza seasons and by 
comparing its levels to the established percentile approach. However further experience with more 
season-to-season variation is required, particularly for areas with limited data coverage. 
 
The MEM pre-epidemic threshold has been adopted by ECDC and was used for reporting across 
Europe in both 2011/12 and 2012/13, where approved by the member states. Following this pilot 
work, it was shown to be appropriate and has been adopted by all countries within the UK since the 
start of the 2013/14 season, and has been presented in the routine in-season public influenza 
reports[2,21,31,32]. The MEM pre-epidemic threshold has allowed for the first time a comparative 
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UK-wide assessment of the start of influenza activity and will help inform community antiviral 
prescription triggers at the beginning of the season. Further categorization using the MEM approach 
allowed a comparison of intensity of influenza activity with sensible results produced, as supported 
by results from the percentile approach, although both approaches may be less suited for a variable 
dataset with a comparatively small denominator. MEM will be further piloted in future seasons and 
applied to other key influenza surveillance data sources. The development work in this study will 
form important preparation for evaluating the impact of the childhood influenza vaccination 
programme in the UK. 
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Abstract 
 
Background. Subnational variation of 2009 pandemic influenza activity in England has been 
reported; however, little work has been published on this topic for seasonal influenza. If variation is 
present, this knowledge may assist with both identifying the onset of influenza epidemics, informing 
community antiviral prescription and local health planning.  
Methods. An end-of-season analysis of influenza surveillance systems (acute respiratory outbreaks, 
primary care consultations, virological testing, influenza-confirmed secondary care admissions and 
excess all-cause mortality) was undertaken at national and subnational levels for 2012/13 when 
influenza B and A(H3N2) dominated. 
Results. National community antiviral prescription was recommended inWeek 51 following national 
threshold exceedance. However, this was preceded up to 2 weeks by subnational influenza activity 
in 2/9 regions in England. Regional variation in circulation of influenza subtypes was observed and 
severe influenza surveillance data sources were able to monitor the subnational impact. 
Conclusions. Evidence of virological activity in two or more regions above a threshold indicated the 
onset of the 2012/13 season. Subnational thresholds should be determined and evaluated in order 
to improve timeliness of the national antiviral alert. During the season, outputs should be reported 
at levels that can inform local public health responses and variation considered when retrospectively 
evaluating the impact of interventions. 
 
 

Introduction 
 
The global epidemiology of influenza can show seasonal variation of circulating types, subtypes and 
strains, resulting in a range of reported impacts[1–5]. This variation can occur over relatively small 
geographical areas between neighbouring countries[6]. Within a country, spatial variation of 
influenza activity has previously been reported for the 2009 pandemic influenza A(H1N1) virus in 
various countries[7–10] but little work has been undertaken looking at subnational variation of 
seasonal influenza and its importance[11,12]. 
 
A key policy issue at the beginning of the influenza season in England is the decision when to 
recommend prescription of antivirals in the community for those in groups at risk of severe disease 
when influenza is clinically suspected. Their use is limited to when influenza is circulating in the 
community[13], as determined by Public Health England (PHE) through a range of influenza 
surveillance indicators. While national data are typically assessed, more detailed examination of 
subnational data may provide an earlier signal and further inform timing of antiviral prescription[14]. 
 
Different subtypes impact on different subpopulations. In England in 2010/11, the 2009 pandemic 
A(H1N1) strain dominated, with the impact predominantly seen in young adults[15]. Conversely in 
2011/12, influenza A(H3N2) circulated and resulted in outbreaks reported in care homes with elderly 
residents[16]. In 2012/13, influenza B circulated initially, with the majority of outbreaks reported in 
schools, subsequently followed by circulation of A(H3N2), with outbreaks mainly in elderly care 
home settings[6,17]. Therefore, if subnational variation in strain circulation occurs, this could inform 
healthcare practitioners of the expected burden at the local level. 
 
To monitor the timing and impact of influenza activity each season, various national community 
surveillance systems are routinely in operation in England, with outputs published weekly during the 
winter months by PHE[17]. These systems include reporting of acute respiratory outbreaks in the 
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community and general practitioner (GP) influenza-like illness (ILI) consultation rates with linked 
respiratory swabbing coordinated by the Royal College of General Practitioners Research and 
Surveillance Centre (RCGP RSC[18]). Following on from the 2009 pandemic, new severe disease 
surveillance systems have been established, with data collected subnationally[19,20], including 
secondary care respiratory swabbing, monitoring of influenza-confirmed hospitalizations/intensive 
care admissions and all-cause excess mortality. As they have only been operational for a few years, 
the data have yet to be evaluated at a subnational level. 
 
Following in-season signals of subnational variation, an end-of-season in-depth analysis looking at 
surveillance data sources during 2012/13 was undertaken to address the following questions: 

 Was subnational variation in influenza activity observed within England during the 2012/13 
season? 

 What was the ability of the different surveillance systems, including the recently established 
severe disease systems, to detect this variation and the level of activity? 

 At the beginning and end of the season, how did the timing of the community antiviral trigger 
by the English Department of Health (DH) compare with subnational influenza activity? 

 
 

Methods 

 
Various routine surveillance data sources collated by PHE for the 2012/13 season were evaluated by 
week both nationally and at the first administrative level (Government Office Region, each with an 
average population of 6 million in 2012[21]). Week number was calculated using the International 
Standards Organisation definition. 
  
Virology 
Weekly virological data on influenza, predominantly from patients in secondary care, is available 
through the Respiratory DataMart System (RDMS[20]), with the proportion of samples positive for 
influenza by subtype and region (according to place of residence of the patient) available. The 
beginning and end of significant activity was determined by retrospectively applying the Moving 
Epidemic Method (MEM[22,23]), an approach adopted by the European Centre for Disease 
Prevention and Control to standardize the reporting of influenza activity at the beginning of the 
season. Through the publicly available R MEM package[24], a pre-epidemic threshold was derived 
from weekly rates prior to the estimated typical epidemic curve[22]. 
 
Other surveillance data sources 
Within the community, acute respiratory outbreaks in closed settings across England are reported 
to PHE along with respiratory swab test results if available[17]. Syndromic surveillance influenza 
indicators are routinely assessed each season[25], including the proportion of cold/flu (all ages) and 
fever (5–14 year olds) calls through the telehealth system NHS Direct[26] and GP in-hours weekly 
consultation rates through the HPA/QSurveillance system (data published weekly in the 
HPA/QSurveillance bulletin[25,27]). However both system were changed partway through the 
2012/13 season and so these indicators were just assessed at the beginning of the season. ILI 
consultation rates collated through the RCGP scheme are available subdivided into North, Central 
and South areas. A MEM pre-epidemic threshold for national ILI rates was piloted during the 
2012/13 season[23]. Although swabbing is carried out through this scheme, the number of samples 
received from GPs is too low for subnational analysis. 
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Influenza-confirmed admissions to all NHS intensive care units (ICUs) or high dependency units 
(HDUs) across England are collated through a PHE-coordinated scheme[6]. Weekly numbers of 
admissions were aggregated by region and influenza subtype and crude rates calculated with mid-
year population estimates[28]. A similar scheme monitoring influenza-confirmed admissions to 
hospital is also in place, though it consists of a sentinel network of 36 acute trusts across England 
(representing ~23% of the general population[6]). The weekly numbers of admissions were similarly 
aggregated, with crude rates calculated using acute trust catchment population estimates[29]. 
 

Patterns in all-cause mortality are routinely monitored using the standardized European EuroMOMO 
algorithm[30]. Significant excess mortality is defined as number of deaths higher than the modelled 
weekly expected number, allowing for weekly variation in the number of deaths through z score 
calculation. The model was run for each region, with patterns of significant excess descriptively 
compared with acute public health events which can typically result in an increase in winter months, 
such as extreme low temperature[31] and influenza. 
 

Community antiviral prescription 
In England, a letter is issued to GPs by DH recommending prescription of antivirals in the community 
according to National Institute for Health and Care Excellence guidance[32] based on surveillance 
data suggesting influenza is circulating in the community. A similar letter is issued at the end of the 
season to no longer recommend community antiviral prescription. The timing of these letters was 
compared with influenza activity by region to determine if this was appropriate at the subnational 
level. 
 
 

Results 
 

Beginning of influenza season 
 

Community surveillance 
The first influenza-confirmed outbreak was reported in the East of England in Week 46 (influenza 
A(H3) in a school, Fig. 1) and outbreaks were reported in more than one region from Week 47 
onwards. A consistent increase in national RCGP ILI consultation rates was seen from Week 47 
onwards, breaching the piloted threshold of 16.6 per 100 000 in Week 50 [overall rate of 23.4 per 
100 000]. This increase was also seen through HPA/QSurveillance, reaching 12.9 per 100 000 in Week 
50, ranging from 8.4 in Yorkshire and Humber to 17.3 per 100 000 in London, and validated by 
syndromic data sources, with an increase in calls to NHS Direct for fever in 5–14 year olds above a 
fixed influenza threshold in Week 50. 
 

Virology 
Nationally, samples received through RDMS showed influenza B started to circulate first, with 
positivity increasing above the MEM threshold of 5% in Week 50 (from 4.3 to 10.3%). When 
subnational activity was assessed (Fig. 1), influenza B positivity had started to increase .5% prior to 
Week 50 in three regions: Yorkshire and Humber (Week 48), London (Week 49) and East of England 
(Week 48). Indeed in Week 51 when antiviral prescription was recommended, peak influenza B 
positivity was reported in the East Midlands and North West England. The latest threshold breach 
was in the South West (Week 52). 
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Figure 1. Weekly regional proportion of samples positive for influenza A and B and number of 
positive influenza A(H1N1)pdm09 and influenza A(H3N2) specimens, England, 2012/13 influenza 
season.  

 
Grey vertical shaded week = week from which antiviral prescription in the community was recommended 
(Week 51; Triangles = week where an outbreak was reported; Circles = week in which an ICU admission was 
reported; Squares = week in which a hospital admission was reported 
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Severe disease surveillance 
Sporadic influenza-confirmed admissions to hospital were reported from Week 40, with more than 
one region consistently reporting cases from Week 45, which is when influenza-confirmed Intensive 
Care Units/High Dependency Units (ICU/HDU) admissions started (Fig. 1), with a sustained increase 
from Week 51 onwards. Weekly all-cause mortality started a consistent increase above the baseline 
at a similar time across regions (Fig. 2), with an increase above the upper significance threshold in 
Week 50 in North East England, London and South East England, followed by the West Midlands in 
Week 51 and the other regions in Weeks 52-01. This increase coincided with increases in influenza 
activity. There was no evidence of a simultaneous meteorological cold snap, with temperatures not 
notably decreasing until mid-January[34]. 
 
Figure 2. Weekly regional excess mortality through the EuroMOMO algorithm with RDMS positivity 
for influenza A and B, England, 2012/13 influenza season 

 
Excess mortality is defined as the number of deaths (black line) above the baseline (blue line) when the upper 
significance limit (dashed line) has been crossed. light blue = weekly proportion of samples positive for 
influenza B. Dark blue = weekly proportion of samples positive for influenza A. Grey vertical shaded week = 
week from which antiviral prescription in the community was recommended (Week 51). Circles = weeks of 
peak ICU/HDU admissions, with the colour corresponding to the dominant influenza type. Light blue horizontal 
line = weeks with low temperatures. 

 
Duration of influenza season 
 
Community surveillance 
During the 2012/13 influenza season, there were two peaks in respiratory outbreaks evident, the 
first in Week 51 (predominantly influenza B in schools) and the second in Weeks 9–11 
(predominantly influenza A in elderly care homes). However, there was no clear evidence of 
subnational variation in activity consistent with the observed virological patterns (Fig. 3). RCGP ILI 
consultation rates peaked in Central in Week 51, in the South in Week 52 and in the North in Week 
1. ILI consultation rates recorded through the HPA/QSurveillance system also peaked in Week 1, with 
the highest rate seen in the North East and the lowest rate seen in the East Midlands. Following on 
from the peak, the lowest rates were seen in the North East. 
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Figure 3. Influenza activity through RDMS in the weeks of peak national influenza B activity (Week 
52, 2012) and peak national influenza A activity (Week 8, 2013), England by region, 2012/13 
influenza season 

 
Pie charts = proportion of influenza samples by subtype through RDMS in a given week.  
RCGP ILI rates are provided by region (North, Central and South).  
Dots = cumulative number of acute respiratory outbreaks from Weeks 40 to 52, 2012 and Weeks 1 to 8, 2013, 
respectively.  
The tables show the RCGP ILI consultation rate and number of samples positive for influenza A: influenza B, 
with the Fisher exact test, P values when comparing the region to the rest of the country (samples by subtype 
were too low in number by region to compare). 

 
Virology 
Influenza B peaked nationally in Week 52 through RDMS, while influenza A peaked nationally in 
Week 8, with positivity only decreasing <5% in Week 16. Where subtyped, 75% of influenza A 
samples were A(H3N2), with the remaining 25% A(H1N1)pdm09. Subnationally however, 
considerable variation in the circulation and timing of influenza A subtypes was seen (Figs 1 and 3). 
North East England was the only region to have influenza A(H3N2) predominantly circulating in 2012 
(P<0.0001, Fig. 3), peaking in Week 52, with low levels of influenza activity seen in the neighbouring 
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region of North West England. In Central England, the highest peak activity was seen in the West 
Midlands; with influenza B peaking in Week 52, followed by sustained influenza A(H3N2) activity 
peaking in Week 9. A large peak in influenza B positivity was seen in the 
East of England in Week 1, with low levels of influenza activity in the East Midlands and Yorkshire 
and Humber. Notable influenza A(H1N1)pdm09 circulation was concentrated in the South and East 
of the country, peaking first in London in Week 2 and later in South East England in Week 11 (Fig. 1). 
 
Severe disease surveillance 
The highest peak crude influenza B hospitalization rate at any level of care was seen in London in 
Week 52, the same week as the highest peak influenza A(H3N2) rate seen in the North East, while 
the highest peak rate for A(H1N1)pdm09 was in London in Week 6. For ICU/HDU admissions, there 
was no clear geographical distinction for influenza B. The highest peak crude A(H3N2) rate was in 
North East England in Week 52, with the peak crude A(H1N1)pdm09 rate in South West England in 
Week 8. Cumulatively, the influenza ICU/HDU rate was highest for London, the North East and the 
North West, with the lowest reported in the South East (Table 1).  
 
All regions had significant excess all-cause mortality coinciding with influenza activity and low 
temperatures from Week 3 to Week 14 (Fig. 2), with little variation in temperature observed 
subnationally.32 Crude cumulative significant excess all-cause mortality rates were highest over the 
winter in the West Midlands, the North East and the South West, with the lowest in London (Table 
1). At the end of the season, PHE contacted DH regarding the decrease in influenza activity through 
national surveillance indicators in Week 20, with a letter recommending stopping community 
antiviral prescription issued in Week 24.35 By this point activity had decreased to inter-season levels 
across regions, with the last influenza-confirmed outbreak reported in Week 23. 
 
Table 1. Crude cumulative ICU/HDU admission and excess mortality rates per 100 000 population 
with corresponding 95% confidence intervals (95% CIa), England by region, 2012/13 influenza season 

 
a95% Poisson confidence intervals calculated. 
bSignificant excess mortality is defined as number of deaths higher than expected as calculated through the 
EuroMOMO algorithm, allowing for weekly variation in the number of deaths through calculation of z scores. 
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Discussion 

 
Main findings of this study 
At the beginning of the 2012/13 influenza season in England, increases denoting the start of 
significant activity were detected subnationally at the first administrative level through virological 
and secondary care surveillance sources in more than one locality up to 2 weeks before the national 
threshold was reached, with PHE advice in Week 50 resulting in community antiviral prescription 
recommended by DH in Week 51. During the season, the virological profile across England differed 
considerably. While nationally influenza B preceded influenza A circulation, subnationally influenza 
A(H3N2) preceded influenza B in the North East and influenza A(H1N1)pdm09 predominated in the 
south. Of the routine surveillance indicators monitored, those sensitive enough to detect peak 
variation by region in season were assessing secondary care admissions and RDMS virology. 
 
What is already known on the topic 
The timescale to trigger community antiviral prescription is short for several reasons. Influenza 
activity increases rapidly (detection of increased levels to peak activity was only 2 weeks in some 
regions in 2012/13), data are received with a week reporting delay and there are several stages 
involved in processing information (from observing the signals to alerting DH and subsequently 
cascading the information alert to GPs). 
 
Little assessment has been undertaken on subnational variation of seasonal influenza in England. As 
the impact of influenza A(H3N2), A(H1N1) and B typically varies by age group, variation in strain 
circulation can have local implications. Influenza A(H3N2) usually results in care home outbreaks in 
England which can be severe, resulting in notable mortality[36–38]. Conversely influenza B is 
thought to be less severe[6,36,37] and has typically resulted in school outbreaks in England[17]. The 
current seasonal A(H1N1) strain, A(H1N1)pdm09, has predominantly occurred in young adults[15], 
with a comparatively higher case severity compared with other strains of influenza[27]. 
 
What this study adds 
An end-of-season in-depth review of the 2012/13 influenza season in England showed important 
variation in influenza activity across the country through several data sources. For two regions, peak 
RDMS activity had already been reached in the week community antiviral prescription commenced, 
suggesting this did not occur early enough for some regions. Post-2009 pandemic, considerable work 
has been undertaken to develop new surveillance systems[19,20,27] and baseline thresholds[22,38] 
to improve early detection, with the MEM pre-epidemic threshold for GP ILI consultation rates 
implemented in the weekly PHE public influenza report during the 2013/14 season[23]. This analysis 
suggests that assessing activity at a regional level could provide some additional early warning for 
determining when influenza is circulating, highlighting the potential added value of determining 
thresholds for regions for virological surveillance systems such as RDMS. 
 
During the season, variation in subnational influenza circulation was observed. As well as assisting 
with timely in-season public health planning, knowledge of regional level activity can also assist 
hospital planning at a time when hospitals are stretched for inpatient beds, and inform other regions 
about future circulation and detection of ongoing influenza activity. National surveillance 
reports[17] should therefore report activity at a subnational level where sufficient sample sizes and 
appropriate geographical coverage—this has already been implemented through subnational 
commentary in the weekly PHE National Influenza report and associated figures[17]. 
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Furthermore, awareness of variation in circulation is important for end-of-season assessment of 
interventions, including the UK intra-nasally-administered influenza vaccination programme which 
has recently been introduced to routinely target all children aged 2–16 years[39]. This programme 
is gradually being rolled out over several seasons, initially through a series of dispersed geographical 
pilots in primary school children in England[40] — any preliminary impact observations from these 
will need to consider variations in influenza transmission and activity across the country. 
 
Limitations of this study 
For determining the start of significant influenza activity through RDMS, the MEM approach was 
piloted. Further work needs to be done to assess if the method is appropriate for each locality and 
if region-specific thresholds differ considerably. For assessing the intensity of influenza activity, a 
limited number of community indicators were used. Acute respiratory outbreak reporting is not 
mandatory and so there may be biases when comparing subnational activity. During 2012/13, the 
HPA/QSurveillance and NHS Direct syndromic surveillance systems were changed, and comparable 
data were not available for the duration of the season. Once the systems are re-established, further 
work should be done to look at subnational data from these indicators[14,25]. 
Observations through all-cause excess mortality assessment highlight its use as an in-season 
surveillance tool in addition to the typical retrospective seasonal impact assessment[36,41]. 
However, it was only descriptively compared with influenza activity during the season (Fig. 2); there 
were other factors which may have contributed to excess, including extreme cold weather and other 
respiratory viruses. End-of-season regression modelling is being used to statistically estimate 
influenza-attributable mortality at a national level with cause-specific mortality for more sensitive 
endpoints[36,41]—further work is required to determine if feasible subnationally. 
 
Future work 
Only influenza activity during the 2012/13 influenza season was fully assessed. Nevertheless, 
subnational variation was observed to occur and therefore merits monitoring in future seasons. 
Some data from two earlier seasons are presented: RDMS data from the previous two seasons 
showed some variation in timing by region, though both post-pandemic seasons were unusual with 
2010/11 notably severe[15] and low activity seen in 2011/12[16]. No consistent trends in the 
regional pattern of transmission of influenza types/subtypes or the rate of increase of activity were 
evident across these seasons, suggesting public response would be better assisted in the short term 
by detecting signals of influenza activity as rapidly as possible within surveillance capabilities. This 
needs to be further assessed when more historic data are accrued for this relatively novel 
surveillance system and used to validate regional capabilities of other data sources. In 2012/13, 
when RDMS influenza positivity increased above the threshold in at least two regions, community 
transmission was occurring and prescription of antivirals warranted. This rule should be evaluated 
in future season and potentially applied to other data sources such as hospitalizations to formulate 
an overall rapid assessment algorithm. However, the variable nature of influenza seasons mean that 
although data through RDMS and on severe outcomes were more informative in 2012/13, it is 
important to be flexible and still consider a range of data sources and other signals that may arise 
during any season. 
 
 

Conclusions 
 
There is only a short time to instigate antiviral prescription in the community at the beginning of the 
season. Therefore, any early signals at a subnational level should feed into the decision to improve 
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timeliness of reporting of the start of significant influenza activity and increase awareness in the 
community. 2012/13 observations suggest determining regional thresholds for systems such as 
RDMS will assist this and should be evaluated in future seasons. When there is appropriate 
geographical coverage and sample size, outputs should be reported at subnational levels for a range 
of epidemiological and virological systems to allow more relevant and timely information for local 
healthcare practitioners. This spatial variation should also be considered when retrospectively 
evaluating the impact of interventions. 
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CHAPTER THREE.  
 

What is the hypothesised impact of the vaccination programme 
and how can it be measured? 
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Abstract 

 
Background and objective. Vaccinating healthy children against influenza may benefit the wider 
community through reduction in transmission. The objective of this systematic review was to 
ascertain if there was published evidence of an indirect and overall impact of universal childhood 
influenza vaccination programmes on a range of influenza-associated health outcomes. 
Methods. Relevant studies were identified from searches of the Medline, Embase, CENTRAL and 
OpenGrey databases (1945 to February 2014). Inclusion criteria were studies where all children 2-
17 years were vaccinated against influenza and outcomes were reported in non-targeted age groups 
(indirect impact) or whole communities (overall impact). All relevant peer reviewed study types 
except for case studies were included with outcomes grouped by self-reported illness, school 
absenteeism, doctor visits, hospitalisations, emergency department admissions and excess 
mortality. Article review, data extraction and quality assessment using the Cochrane risk of bias 
assessment and GRADE approach was conducted independently by two co-authors. 
Results. Twenty-nine studies (six randomised and 23 observational) fulfilled the search criteria, 23 
of which were conducted in North America.  Limited data and study heterogeneity prevented pooling 
of estimates. There was a suggestion of an overall and indirect impact in populations with a 
childhood influenza vaccination programme when assessing self-reported illness (six studies) and, 
to a lesser extent, doctor visits (five studies). There was little evidence of a significant impact when 
assessing hospitalisations (11 studies), emergency department admissions (six studies) and excess 
mortality (five studies). The impact on school absenteeism was mixed and modest (five studies). 
Conclusions. There is a limited evidence base for the wider population impact of vaccinating children 
against influenza. The evidence available was of limited quality and quantity across outcomes; 
further evidence from well-conducted epidemiological studies is required to determine if significant 
indirect and total population impacts are seen, particularly for severe endpoints and where possible 
supplemented by virological confirmation. 
 
 

Introduction 

 
Infection with influenza results in a self-limiting illness in the majority of the population. Vaccination 
is the main method of prevention. An influenza vaccine has been available for many years and annual 
re-vaccination is typically recommended, with national programmes in operation in many countries. 
In recent years across most high income countries, such programmes have focussed on groups who 
are at an elevated risk of developing severe disease following infection compared to the general 
population[1], including 65+ year olds, under 65 year olds in a clinical risk group and pregnant 
women. A small number of countries, particularly in North America, Russia and Japan additionally 
recommend targeting healthy children[2,3]. Children are thought to be key transmitters of 
influenza[4] and by vaccinating this group, in addition to providing direct benefits to the children 
themselves,  transmission may also be reduced to others in the population. Modelling studies have 
suggested that these indirect effects might lead to reductions in influenza-associated morbidity and 
mortality in vulnerable individuals who were not vaccinated, or vaccinated but not protected due to 
vaccine failure. These studies have suggested that the contribution these indirect benefits might 
make to the overall impact of the vaccination programme, could be considerably greater than the 
direct benefits conferred on the vaccinated group alone[5,6].  
 
Infection with influenza can result in general symptoms common to a number of respiratory 
infections. As not all individuals are tested, influenza burden is typically under-reported across 
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healthcare levels. Therefore in addition to influenza-confirmed outcomes, a range of syndromic 
clinical outcomes are typically assessed where influenza is likely to have contributed. 
 
Various study types can be employed to assess the different levels of impact of vaccination[7]. Direct 
impact can be assessed through the difference in outcomes between vaccinated and unvaccinated 
individuals all other things being equal, and is commonly reported through vaccine efficacy 
estimates determined pre-licensure through clinical trials (phases 1-3). Vaccine effectiveness 
estimates are determined post-licensure under the normal public health conditions of the 
programme through observational studies. Influenza vaccine efficacy and effectiveness has been 
extensively assessed[8] and will not be covered in this review.  
Indirect impact can be assessed at the individual level, by comparing outcomes in unvaccinated 
contacts of vaccinated children to unvaccinated contacts of unvaccinated children, or at the 
population level by comparing influenza-associated outcomes in non-targeted age groups in 
vaccinated areas to the same age groups in non-vaccinated control areas[7].  
The direct and indirect impacts contribute to the overall effect of vaccination, measured as the 
reduction in risk of infection in a community with the vaccination programme compared to a 
comparable population without such a vaccination programme. This can be determined at the 
population level, by assessing average activity in vaccinated areas compared to control areas, or in 
the same population before and after introduction of the programme.  
 
The indirect and overall impact of universal vaccination of children against influenza can be 
estimated through observational studies or modelling work. For the latter, the estimates of such 
work have typically shown indirect effects and the value of a universal influenza programme 
vaccination, both in terms of predicting reduction in disease and cost-effectiveness of the 
intervention[5,6]. When considering clinical trial and observational evidence on indirect benefits 
and overall impact, the volume appears to be more limited than for direct vaccine effectiveness[8], 
despite such programmes having been in operation in some countries for several years.  Following 
on from the first study published in 1970 on the indirect effects of vaccinating children against 
influenza in the United States[9], there have been some epidemiological studies published. A 
preliminary scoping study of the literature identified only one systematic review published almost 
ten years ago in 2006[10] which included 11 studies, with seemingly relevant studies published 
since. It is therefore important to expand on and update this knowledge to determine through a 
systematic approach the evidence for indirect effects for a range of influenza-associated health 
outcomes and, if seen, the magnitude of such impact. The UK, has recommended to extend the 
routine selective vaccination programme to include healthy children through a phased introduction 
which commenced in 2013/14 following licencing of the intranasally administered live attenuated 
influenza vaccine in children in 2012[11] and modelled analysis predicting the cost-effectiveness of 
a universal programme [12,13]. 
Summarising the latest available published literature will help to identify if there are any gaps in the 
evidence base for specific outcomes and highlight factors important for consideration in the 
introduction and future evaluations of universal paediatric influenza vaccination programmes. 
 
The primary objective of the review is therefore to address what is the indirect and overall impact 
of universal childhood influenza vaccination programmes on a range of influenza-associated health 
outcomes. 
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Methods 

 
Collecting the studies 
 
Selection criteria 
Inclusion criteria were defined in advance of executing the search strategy to retrieve all relevant 
studies published since inactivated influenza vaccine was first licenced in the United States in 1945 
based on the population, intervention, comparison group, outcome and study type.  
 
The intervention of interest was vaccination against influenza. Where reported, the type of vaccine 
used was noted (i.e. if live attenuated or inactivated) along with any comment on how well the 
vaccine matched the circulating strains in the season of the study. The vaccinated group included 
children within the age range of 2-17 year olds regardless of gender in line with LAIV licencing 
recommendations in Europe[13]. Studies where all the children targeted for vaccination were in a 
clinical risk group, e.g. asthma, were excluded. The control population was dependent upon the type 
of study. In time series studies, the control population was the same population before the 
vaccination programme was introduced, or after the vaccination programme was stopped. In other 
studies where the control population was concurrently monitored, it was a separate population. The 
level of vaccine uptake was recorded as well as the geographical level of setting of the study (e.g. 
households, schools, cities). For influenza-confirmed outcomes, the test for confirmation and the 
subtype of influenza was noted. The outcomes were grouped according to the following broad 
categories for sub analysis:  self-reported illness, school/work absenteeism, doctor visits, 
hospitalisations, emergency department admissions and excess mortality.  
 
Due to ethical limitations of assessing the impact of a vaccine with proven vaccine effectiveness 
using randomised controlled trials, observational studies were included, with no restriction on study 
type except for the exclusion of case studies and case reports. Language of the study was noted and 
not used as a filter when retrieving studies, although only full-text studies in English were ultimately 
assessed. Relevant reviews were retained and reference lists of both reviews and included studies 
scanned for further studies. 
 
Identification of studies 
Due to the inclusion of non-randomised studies, a range of databases were electronically and hand 
searched, including MEDLINE[14], EMBASE[15], Cochrane Central Register of Controlled Trials 
(CENTRAL[16]) and OpenGrey[17]. Data sources were searched on 11 March 2014 from when the 
influenza vaccine was first licensed in 1945[18], or as far back as the databases were available, until 
28 February 2014. The selection criteria referring to the population, the intervention, the 
comparison group, outcome and study type were translated into search terms specific to each 
database searched (Figure A1).  
 
Once titles and abstracts of potentially eligible studies were retrieved from each database, the 
results were merged together and duplicates identified to determine the number of unique records. 
Studies were excluded if not relevant or clearly did not meet the inclusion criteria. In the second 
screening stage, studies were assessed against inclusion criteria and kept if they met all of them or 
marked for checking if the status could not be determined from the title and abstract. Full text 
articles were then retrieved to determine compliance with eligibility criteria and inclusion in this 
review in the third screening stage. 
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For the screening stages and subsequent data extraction and quality assessment, two people 
independently reviewed the articles in parallel, with a third person additionally assessing if there 
were any disagreements. No further data was sought from corresponding authors of eligible studies. 
 
Data collation and content assessment 
 
Quality assessment of included studies 
The risk of bias within studies was assessed using the Cochrane risk of bias assessment[19] which 
addresses seven evidence-based domains: random sequence generation, allocation concealment, 
blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, 
selective reporting and other bias. Assessment of study quality was carried out using the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE[20]) approach as adopted by 
the Strategic Advisory Group of Experts on Immunization (SAGE[21]) when assessing vaccine 
publications. Studies were assigned to an initial level of evidence based on their study design and 
then, through the GRADE framework in conjunction with the risk of bias assessment, re-graded 
according to the level of evidence. The risk of publication bias was assessed by visual assessment of 
Berg’s funnel plots. 
 
Combining study content 
Key data from the studies was summarised in tables. For each outcome where available, rates in 
vaccinated and non-vaccinated groups were extracted and relative risk estimates calculated with 
corresponding 95% confidence intervals. Forest plots were produced where appropriate to present 
relative risk estimates for each study. Due to the inclusion of non-randomised studies and a range of 
outcomes, studies were heterogeneous and so pooled estimates were suppressed. A narrative 
synthesis was used to explore relationships within and between studies. 
 
 

Results 

 
Details of included and excluded studies 
 
A total of 11,770 titles and abstracts were retrieved which, after removal of duplicates, resulted in 
7,639 unique entries (Figure 1). Of these, 6,674 were found to not be relevant on the first screen 
and, after assessing eligibility in detail, 139 were retained as relevant or further clarification needed. 
Following full text assessment, 29 studies were kept; six randomised studies (five cluster and one 
individual) and 23 observational studies (18 cohort and five longitudinal time series).  35 modelling 
papers and 12 cost-effectiveness papers were also retrieved which were not included. 
 
Findings of the review 
 
Study characteristics 
The period under study extended back to 1950, with the majority (72%) set in the past 15 years and 
none conducted after the 2009 influenza pandemic (Table 1). Most studies were conducted in North 
America (79%, 18 in the United States, four in Canada and one in the United States and Canada), 
with the remainder taking place in Japan (four) and Russia (two), with all studies reported in English. 
A range of influenza vaccines types were in use, with 11 (38%) studies using live attenuated vaccine, 
eight (28%) using inactivated vaccine, five (17%) using multiple types of vaccine and five (17%) 
where vaccine type was unknown. 
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Figure 1. Article retrieval flowchart 

 
 
 
Study outcomes 
Of the 29 studies, six monitored self-reported illness[9,22,23,24,25,26], five monitored 
absenteeism[26,27,28,29,30], five monitored doctor visits[26,31,32,33,34], eleven monitored 
hospitalisations[31,35,36,37,38,39,40,41,42,43,44], six monitored emergency department 
admissions[26,31,32,39,40,45] and five monitored excess mortality[39,46,47,48,49]. Variation in 
the age group vaccinated, the exact outcome definition, the age in which the outcome was reported 
and the type of control prevented calculation of pooled summary outcomes (Table 2). Detailed 
information on risk of bias and GRADE assessment at study level are available in Figures A2 and A3. 
 
Self-reported illness 
Out of the six studies assessing self-reported illness, five were randomised (four cluster and one 
individual) and one was a cohort study. Across age-specific estimates, a reduction in risk was seen 
in vaccinated areas relative to non-vaccinated areas, with the majority of the estimates significant 
(Figure 2a[9,22,23,24,25]). While there was a larger impact when assessing an influenza-confirmed 
endpoint, all these studies are from one trial with Hutterite colonies in Canada[22,23,24]. These 
studies additionally reported outcomes assessed in both non-vaccinated recipients only, 
demonstrating an indirect effect, and all participants, demonstrating an overall effect. While there 
was no clear pattern of varying impact by age group vaccinated, the limited number of studies  
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Table 1. Included study characteristics 

 
 
meant it was difficult to determine. Only one study assessed the impact of live attenuated 
vaccine[26], with generally lower impact estimates compared to the studies using inactivated 
vaccine, although average uptake was considerably lower. The Hutterite study was cluster 
randomised with a relatively low risk of bias. Assessment through the GRADE approach found 
generally good quality across the studies which resulted in moderate confidence in the effect 
estimates (Figure 2b). 
 
School absenteeism 
Out of the five studies assessing absenteeism, four were cohort and one was a cluster randomised 
study. Absenteeism as an endpoint was only reported in schools with no studies assessing 
absenteeism from work in adults. As most of the studies assessed if there was a relationship 
between the uptake of vaccine and the level of absenteeism, an overall relative risk forest plot was 
unable to be produced. The impact on school absenteeism of varying levels of influenza vaccine 
uptake appeared modest[29,30]. One study found vaccinating 5-11 year olds resulted in a significant 
reduction in absenteeism in high school but not middle school children[28], while another did not 
report a significant difference between schools where children were vaccinated related to those 
who were not vaccinated[26]. There was a suggestion of a smaller impact when older age groups 
were vaccinated, though the number of studies involved makes it difficult to confirm this. All studies  
 
 

Reference First Author Publication year Area Seasons Study design Level of assessment Vaccine type

30 Graitcer 2012 Maine 2009/10 cohort school Live attenuated and inactivated

41 Glezen 2010 2007/08

37 Peidra 2007 2003/04

42 Piedra 2005 1998/01

35 McBean 2011 2005/08

38 Talbot 2009

34 Poehling 2009

44 Grijalva 2009

40 Grijalva 2010

29 King Jr 2012 2005/08 school

39 King Jr 2010 2005/08 community

28 Davis 2008 2001/06 community

32 King Jr 2005 2003/04 household

36 Hull 2010

Tennessee 

Minnesota 2000/07 cohort community Live attenuated

43 Cohen 2011 national 2002/06 longitudinal community unknown

26 King Jr 2006

Maryland

Minnesota

Texas

Washington 2004/05 cluster randomised household Live attenuated

25 Hurwitz 2000 California 1996/97 individual randomised household Inactivated

9 Monto 1970 Michigan 1968/69 cohort community Inactivated

22 Loeb 2011

23 Loeb 2010 (a)

24 Loeb 2010 (b)

31 Kwong 2010 Ontario 2000/07 cohort community Inactivated

45 Hoen 2011

Boston 

Montreal 2000/09 cohort community unknown

48 Sugaya 2005 1972/03 longitudinal Inactivated

46 Ono 2003 1950/00 longitudinal unknown

47 Charu 2011 national 1978/06 longitudinal community unknown

49 Reichert 2001 national 1949/98 longitudinal community unknown

33 Ghendon 2005 Moscow 2001/02 cohort community Inactivated

27 Rudenko 1993 Novgorod 1989/91 cluster randomised school Live attenuated and inactivated

Tennessee cohort community Live attenuated
2006/07

United States (18)

national community

2000/07

Maryland cohort Live attenuated

Hutterite colonies 2008/09 cluster randomised community Inactivated

Texas cohort community Live attenuated and inactivated

Russia (2)

Japan and United States (2)

Japan (2)

United States and Canada (1)

Canada (4)
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Table 2. Study outcomes 

 
1Control group: no influenza vaccination (X), a different vaccine was used ( Different vaccine) or influenza 
vaccination was available at different sites and the relationship with different uptake levels assessed ( 
varying levels) 

 
reported the effects of a live attenuated vaccine, with a smaller impact seen in the study where both 
inactivated and live attenuated vaccines were used[27]. Within this study, a significant overall 
reduction in illness absenteeism was seen in schools where children received the live vaccine 
relative to the placebo across both seasons assessed. When comparing schools receiving the 
inactivated vaccine relative to the placebo, there was only a significant reduction in one season. 
Indirect effects in students and staff were only seen in schools receiving the live vaccine. Across 
studies, there was considerable risk of bias, resulting in very little confidence in the estimate of the 
effect (Figure 3). 
 
 
 
 
 
 
 
 
 

Infection definition Age Control group Vaccinated?1

22 3-15yrs All Different colonies  Different vaccine

23 3-15yrs All Different colonies  Different vaccine

24 3-15yrs All Different colonies  Different vaccine

25 2-4yrs All Different daycare centres  Different vaccine

26 5-11yrs Adults and children in household Different areas Χ

9 Schoolchildren Staff Different areas Χ

27 7-14yrs Influenza signs/symptoms/influenza-like illness Teachers/unvaccinated children Different schools Χ

28 5-11yrs Children (middle/high school) Different areas Χ

29 5-11yrs Children (12-18yrs) Different schools  varying levels

30 K Grade 8 Teachers/unvaccinated children Different schools Χ

26 5-11yrs Influenza-like illness Adults and children in household Different schools Χ

31 4-19yrs Pneumonia and influenza All Different areas Χ

32 5-11yrs Adults and children in household Different areas

33 3-17yrs Elderly (60+yrs) Same population over time

26 5-11yrs Influenza-like illness Adults and children in household Different schools Χ

34 6m <5yrs Influenza confirmed <6m Different areas Χ

35 Schoolchildren Elderly (65+yrs) Different areas

31 4-19yrs All Different areas

36 Schoolchildren Elderly (65+yrs) Different areas

37 5-18yrs All Different areas

38 5-11yrs Influenza signs/symptoms/influenza-like illness Adults (50+yrs) Different areas Χ

39 5-11yrs All Different areas  varying levels

40 5-11yrs All Different areas Χ

41 5-11yrs All Different areas Χ

42 18m-18yrs All Different areas Χ

43 19-35m Pneumonia and influenza All Different areas  varying levels

44 5-19yrs Influenza confirmed <5yrs Different areas Χ

31 12-19yrs Pneumonia and influenza All Different areas Χ

45 2-4yrs All Same population over time Χ

26 5-11yrs Adults and children in household Different areas

32 5-11yrs Adults and children in household Different areas

39 5-11yrs All Different areas  varying levels

40 5-11yrs All Different areas Χ

46 5-15yrs/3-18yrs Flu-associated acute encephalitis Children (0-4yrs) Same population over time Χ

47 3-15yrs Elderly (65+yrs) Same population over time Χ

39 5-11yrs All Different areas  varying levels

48 6-15yrs All cause/pneumonia and influenza Young children Same population over time Χ

49 7-15yrs All cause/pneumonia and influenza All Same population over time Χ

Pneumonia and influenza Χ

Medically attended acute respiratory 

infection/Pneumonia and influenza
Χ

Medically attended acute respiratory infection

Emergency department (6)

Influenza signs/symptoms/influenza-like illness
Χ

Medically attended acute respiratory infection

Pneumonia and influenza

Excess mortality (5)

Reference

Self reported illness (6)

Absenteeism (5)

Doctor visits (5)

Hospitalisations (11)

Influenza signs/symptoms/influenza-like illness

All cause

Influenza signs/symptoms/influenza-like illness Χ

Age vaccinated
Outcome Control group

influenza-confirmed
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Figure 2a. RR estimates for self-reported illness in vaccinated relative to non-vaccinated groups  

 
 
Figure 2b. Quality and bias review for self-reported illness 

 
 
Figure 3. Quality and bias review for school absenteeism 

 
 
Doctor visits 
Out of the five studies assessing doctor visits, four were cohort and one was a cluster randomised 
study. All the studies did not have an influenza-confirmed endpoint and found either a significant 
reduction in risk when vaccinating children or no impact[26,32,33] across all ages, apart from one 
study where the risk was higher[31] (Figure 4a). For the two studies that reported the significant 
impact estimates[32,33], both reported influenza-like illness as an outcome, with different vaccine 
types used. A study in America comparing a county with a school based vaccination programme to 
a control county found higher levels of influenza-confirmed infection in the experimental group and 
did not suggest any substantial indirect effects in younger children[34, data not available to include 
in Figure 4a]. Although the quality of the studies was higher than seen for absenteeism, they were 
still low, resulting in low confidence in estimate of effects (Figure 4b). 
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Figure 4a. RR estimates for doctor visits in vaccinated relative to non-vaccinated groups 

 
 

Figure 4b. Quality and bias review for doctor visits 
 

 

 
 
Emergency Department admissions 
Out of the six studies assessing emergency department admissions, five were cohort and one was a 
cluster randomised study. The impact of vaccination programmes again showed a range of relative 
risk estimates, with a similar magnitude to hospitalisations. While two studies[31,39] which 
reported no significant impact on hospitalisations showed a significant reduction overall in 
emergency department admissions (Figure 5a), when the age-specific outcomes were assessed for 
one study[31], there was no significant impact, while for the other[39], the significant impact was 
seen only in adults. Across outcomes in the elderly, adults and children, few estimates were 
statistically significant, with both a reduced and increased risk seen[26,40,32,45]. No clear 
difference was seen by specificity of outcome, the vaccine used or the specific age group vaccinated. 
The quality of the studies was low, offering very little confidence in the estimate of these results 
(Figure 5b). 
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Figure 5a. RR estimates for emergency department admissions in vaccinated relative to non-
vaccinated groups 

 
 

Figure 5b. Quality and bias review for emergency department admissions 

 
 

Hospitalisations 
An outcome of hospitalisation was assessed in the largest number of studies (Figure 6a), although 
the severity of hospitalisation was not always specified. Out of the 11 studies, 10 were cohort and 
one was a time series. When looking at the overall impact, apart from one outlier with a large 
reduction in risk in influenza-like illness reported in one age group[38], studies generally reported a 
small or non-significant impact of vaccination[31,38,39,40,41,43], with some point estimates 
showing an increased risk of hospitalisation in vaccinated areas. This pattern was seen when 
assessing outcomes in the elderly, in adults and in children. There was no consistent pattern by 
specificity of outcome, age group vaccinated or vaccine used. Overall, the quality of the studies was 
low, leading to very little confidence in the estimate of the effect (Figure 6b).  
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Figure 6a. RR estimates for hospitalisation in vaccinated relative to non-vaccinated groups 

 
 

Figure 6b. Quality and bias review for hospitalisation 

 
 
Several studies assessed the impact across several years and reported season-specific estimates. 
One study[35] found no significant impact in the elderly following vaccination of schoolchildren after 
adjusting for historically lower rates. Another study[36] found mixed results when assessing across 
several seasons and states, with a significant reduction in pneumonia and influenza hospitalisations 
only in one year and one state and low influenza activity noted in the other seasons. By age group, 
two studies[42,44] did not find evidence of indirect effects in under five year olds, while another[37] 
reported significant indirect effectiveness against medically attended acute respiratory illness in 5-
11 and 35-44 years old, though this was not seen in other age groups. One study assessed the 
relationship with the level of vaccine uptake, with coverage negatively associated with age-specific 
rates of pneumonia and influenza hospitalisations in the elderly, suggesting an indirect impact[43]. 
 
Mortality 
The majority of studies assessing impact on mortality were time series assessing the change in Japan 
following discontinuation and reinstatement of the childhood influenza vaccination programme. 
Changes in patterns in pneumonia and influenza mortality in young children which coincided with 
patterns of vaccination of schoolchildren led the authors to conclude a likely causal relationship[48]. 
Another before-after time-series study[46] which looked at a more specific outcome of influenza-
associated acute encephalopathy noted an increase in mortality spikes in young children following 
discontinuation of schoolchildren vaccination. 
Where excess mortality was quantified, differences in methodology for determining expected levels 
of mortality meant it was difficult to compare estimates. Two studies compared mortality patterns 
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in Japan with those in the United States to further expand on the descriptive studies. While the 
annual patterns in the United States were fairly constant over time, there were suggestions of 
considerable changes in mortality in Japan and the lowest levels coinciding with the childhood 
vaccination programme[47,49]. A separate subnational study, comparing mortality between 
counties in the United States dependent upon vaccination programmes, reported no significant 
overall or indirect impact in adults[39]. The low quality of these studies again resulted in little 
confidence in the estimate of effect (Figure 7). 
 
Figure 7. Quality and bias review for mortality 

 
 
 

Discussion  

 
Statement of principal findings 
After systematically searching the literature to address the indirect and overall impact of universal 
childhood influenza vaccination programmes on influenza-associated health outcomes, 29 studies 
were retrieved. The evidence available was of limited quality and quantity across outcomes. There 
was a suggestion of a reduction in risk in vaccinated relative to unvaccinated populations when 
assessing the outcome of self-reported illness and doctor visits. The impact on school absenteeism 
was mixed, with a modest reduction seen. There was little evidence of a significant impact when 
assessing more severe outcomes such as hospitalisations and emergency department admissions. 
Little evidence was available for the impact on excess mortality as most of the studies were 
descriptive longitudinal studies. 
 
Meaning of the review’s findings 
A reduction in risk was clearest for self-reported illness in populations where vaccination of children 
against influenza took place relative to unvaccinated populations, and to a lesser extent for doctor 
visits. For other outcomes, the majority of studies showed either no significant impact or a small 
decrease in risk of influenza-associated disease in vaccinated populations. Some outlier studies 
demonstrating a relatively large reduction in risk, while a few subgroup outcomes within studies 
reported a significantly increased risk in vaccinated populations. The protective effect appeared to 
be stronger and more significant as the severity of the endpoint decreased, consistent with recently 
published findings from England[50]. There could be various factors which were heterogeneous 
across studies resulting in this pattern. 
 
Firstly, as assessed through the GRADE approach, the quality of the studies was generally low. 
Studies assessing self-reported illness had the highest levels, with studies assessing the outcome of 
doctor visits of comparatively lower quality. The other outcomes; absenteeism, hospitalisations, 
emergency department admissions and mortality, had very low quality studies with high risk of bias, 
resulting in very little confidence in the estimates. Aside from hospitalisations, funnel plots showed 
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asymmetry in estimates for the other endpoints (Figure A4) and although there are several possible 
causes of this, one of which may be publication bias, it may result from the low study quality[51]. 
 
Secondly, within the self-reported illness studies, some were done at the individual level while some 
were done at the household level, although the estimates of impact and associated significance were 
similar. In the other outcomes, the results predominantly came from population studies. It could 
therefore be hypothesised as to whether population-level studies are sensitive enough to detect the 
impact of such a programme. It would be advantageous if within the same influenza season and 
country, individual, household and population level studies could be carried out on the same 
outcome to determine if the findings are consistent. Furthermore, such studies should consider 
where possible incorporating virological swabbing of participants. One of the inherent difficulties 
with monitoring influenza activity is accurately diagnosing and capturing the burden of disease. As 
influenza is often underreported and symptoms are common to other respiratory infections, more 
general outcomes have to be assessed, which may underestimate the impact of a vaccination 
programme. Few studies were found to include influenza-confirmed outcomes to assess the impact 
of this factor in more detail. Swabbing will help to both validate findings as likely resulting from 
influenza and determine the range of impact estimates within a study across endpoints with varying 
specificity. 
 
Finally, other factors which varied between studies were the specific age group vaccinated and the 
type of vaccine. The age range of 2-17 years old is broad, and, due to different mixing patterns[52], 
there may be different implications when vaccinating either pre-school children, primary school 
children or secondary school children. As live attenuated influenza vaccine has been shown to be 
more effective in young children than the inactivated vaccine[53] and primary school children are 
higher transmitters, it may be expected to see a larger impact in these studies. While there was a 
suggestion in some studies, there were no clear differences according to age group vaccinated or 
vaccine type and relatively low numbers of studies made it difficult to assess and quantify the 
variation. 
 
Strengths and weaknesses of the review 
The advantage of including observational studies in such a review is the assessment of the impact 
of an intervention under normal public health conditions. The assessment of a range of outcomes 
and in a range of contexts also addresses this. However the risk of bias is increased due to the nature 
of the study design. The main risk of bias not addressed in the observational studies, and also in 
some of the randomised studies, was the level of background influenza vaccination in the 
community as part of pre-existing campaigns. Depending on the distribution, this misclassification 
bias could either have resulted in widening or narrowing the relative risk of disease between 
vaccinated and non-vaccinated groups. There were also differences between studies of the 
definition of when influenza was circulating to determine when to compare the impact. If too long, 
this could dilute the impact observed. Initiatives are on-going to look at standardising the definition 
of influenza period[54] which will help to address this issue and improve comparability, and further 
highlighting the importance of influenza-confirmed endpoints. 
 
Another important issue to consider in observational studies is adjustment of historic levels of 
activity in the comparison sites and reproducibility of findings. Some studies found no significant 
difference in risk when adjusting for levels of activity pre-vaccination, while several studies which 
assessed outcomes over several years found different impact estimates in different years. This may 
be a result of different levels of influenza activity, pre-existing immunity and vaccine match each 
season. Not many studies reported on the match in the assessed season between the vaccine and 
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circulating strains which would impact on the observed effectiveness. Of those that did report, 
mismatch was seen, predominantly in studies with hospitalisation as an endpoint. However it is 
further uncertain as to the clinical implications of such a mismatch. It is important to assess 
differences over several seasons in a standardised approach to determine if there is a true impact.  
 
For some endpoints in the retrieved studies, particularly hospitalisations, the specific age group of 
the outcome chosen impacted on the pattern of significance. The reporting of very specific age 
groups as significant suggests spurious findings. Efforts were made to try and overcome this in this 
review by presenting all age-specific findings.  
 
Full text study retrieval was restricted to those in English, with 19 studies excluded at the third stage 
of screening as unable to be translated from Japanese and Russian, which may explain why the 
majority of studies took place in North America. However countries aside from Japan and Russia 
include healthy children in their routine influenza vaccination programmes[3]. A concerted effort 
should be made to determine if data is available from these countries to analyse or to establish 
studies in other settings to add to the evidence base presented in this review. 
 
Implications 
While direct effectiveness of influenza vaccines has been extensively assessed and is typically 
addressed in studies following each influenza season, the issue of indirect protection appears to 
have received comparatively less attention. This work builds on from a similar review published in 
2006[10] looking at indirect benefits of universal vaccination of children against influenza, which 
highlighted that while there was the potential for reducing impact, study design made it difficult to 
quantify such benefits. Similar conclusions were reached in this review; due to the low number of 
studies and their generally high risk of bias, the main implication is to continue to highlight the lack 
of sound evidence on this topic.  
 
As the outcomes were considerably heterogeneous between studies, we were unable to combine 
estimates to provide an overall quantification of the impact of such programmes. Although risks of 
bias are inherent in observational studies, the evidence from these study types could be 
considerably strengthened with future studies measuring and controlling for appropriate underlying 
confounders in the different populations, such as background levels of vaccination. When comparing 
between areas, historic data should also be assessed to control for underlying differences between 
the populations, to minimise the risk of bias. Once a larger body of higher quality evidence is 
available, the observations can then be assessed and used to help validate modelled cost-
effectiveness. Previous modelled work from several countries[5,6] has predicted significant indirect 
impacts to be expected from a universal childhood influenza vaccination programme, larger than 
suggested by the studies presented in this review. 
 
Key conclusions 
In conclusion, the number of studies assessing indirect and overall impact of universal childhood 
influenza vaccination campaigns is limited in terms of both quantity and quality.  Out of available 
studies, there was a reduction in the risk of disease when assessing the outcome of self-reported 
illness and doctor visits, with a less clear impact seen for other more severe endpoints. Further 
evidence from well-conducted observational studies is required to determine if a significant impact 
is seen, particularly for severe endpoints such as hospitalisations and deaths. 
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Abstract 

 
Several private boarding schools in England have established universal influenza vaccination 
programmes for their pupils. We evaluated the impact of these programmes on burden of 
respiratory illnesses in boarders. Between November 2013 and May 2014, age-specific respiratory 
disease incidence rates in boarders were compared between schools offering and not offering 
influenza vaccine to healthy boarders. We adjusted for age, sex, school size and week using negative 
binomial regression. Forty-three schools comprising 14,776 boarders participated. Almost all 
boarders (99%) were of age 11-17 years. Nineteen (44%) schools vaccinated healthy boarders for 
influenza, with a mean uptake of 48.5% (range=14.2%-88.5%). Over the study period, 1468 
respiratory illnesses were reported among boarders (5.66/1000 boarder-weeks); of these, 33 were 
influenza-like-illnesses (ILIs, 0.26/1000 boarder-weeks) in vaccinating schools and 95 were ILIs 
(0.74/1000 boarder-weeks) in non-vaccinating schools. The impact of vaccinating healthy boarders 
was a 54% reduction in ILI amongst all boarders (RR=0.46; 95%CI=0.28-0.76). Disease rates were also 
reduced for upper respiratory tract infections (RR=0.72; 95%CI=0.61-0.85) and chest infections 
(RR=0.18; 95%CI=0.09-0.36). These findings demonstrate a significant impact of influenza 
vaccination on ILI and other clinical endpoints amongst secondary school boarders. Additional 
research is needed to investigate the impact of influenza vaccination in non-boarding secondary 
school settings. 
 
 

Introduction 

 
Influenza impacts on school-aged children and their families and results in a considerable burden of 
disease across the population each year[1]. School children can shed the virus for long periods[2] 
and have contact patterns increasing influenza attack rates[3,4]. They are recognized to be the main 
drivers of the spread of influenza infection[5,6]. 
 
Recent studies on the impact of universal influenza vaccination for school children have shown that 
as well as preventing cases of influenza in children (direct effects)[7–10], by interrupting 
transmission the burden of influenza can also be reduced in both unvaccinated students and other 
age groups (indirect effects)[11–14]. Mathematical modelling studies have shown that extending a 
selective influenza vaccination programme to all healthy children aged 2-16 years was likely to be 
the optimal long term prevention strategy[15–17].  
 
Based on this evidence, a universal influenza vaccine programme is being implemented across the 
UK for all children aged 2-16 years, with a roll-out over several seasons. In 2013/14 in England, Live 
Attenuated Influenza Vaccine (LAIV) was offered to all children two and three years of age (healthy 
children and children in a clinical risk group, except where specifically contraindicated[18]). In 
addition, children of primary school age (5-11 year olds) in several pilot areas were offered the 
vaccine, although no secondary school age pilots were undertaken in 2013/14. There is a paucity of 
data on the impact of a programme to vaccinate all secondary school students against influenza, 
with the few published studies[8,12] comparing entire communities instead of specific schools. In 
addition, they were conducted outside Europe and did not consistently observe indirect effects 
among secondary school aged children. 
 
The Medical Officers of Schools Association (MOSA), an association founded in 1884, involves a 
network of more than 200 predominantly boarding schools around the United Kingdom. Public 
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Health England (PHE) and MOSA have developed a long-standing surveillance programme to 
monitor illness in children attending these schools. The scheme was started in 1979 after an 
outbreak of influenza A(H1N1) in the winter of 1977-1978. Up to 40 schools participate in the MOSA-
PHE infectious disease surveillance scheme each season, involving more than 10000 boarders mostly 
in secondary schools. Some of these schools are already vaccinating boarders with influenza vaccine 
using a range of policies.  
 
The objective of this study was to evaluate the impact of influenza vaccination in MOSA schools on 
burden of respiratory illness and specifically influenza-like illness in school-aged boarders. 
 
 

Methodology 

 
Ethics statement 
The MOSA scheme is managed by the PHE Centre for Infectious Disease Surveillance and Control as 
part of national surveillance of influenza including the influenza vaccine programme and fall under 
existing approvals. 
 
Study population and general characteristics 
In November 2013, all schools affiliated with MOSA were invited to participate for the academic year 
2013/14. Schools were excluded if they were not admitting boarders and if they were located 
outside England. For schools admitting boarders and day pupils, only boarders were followed as 
accurate ascertainment of respiratory illness by health staff was only possible for them. 
 
Data collection methods 
A cross sectional online survey tool was created and completed by the head nurse or the general 
practitioner of each participating school at the beginning of the season (ClassApps, Kansas City, USA). 
The survey included questions about the number of boarders and day pupils with a breakdown by 
school year (for calculation of year-specific sickness rates). School population figures were validated 
using data available on the Department for Education website[19] and then checked back with the 
school. Information on schools’ influenza vaccine policy, including groups targeted and type of 
vaccine used was collected directly from each participating school.  
 
Over six months (25 November 2013 to 25 May 2014), the head nurse of the medical centre in each 
participating school in collaboration with the responsible general practitioner was invited to 
complete a weekly online questionnaire about the number of new episodes of respiratory illness in 
boarders. The criteria for reporting a case were: (i) a new episode of respiratory illness in a boarder 
AND (ii) the boarder was admitted to the school's medical centre/sanatorium and/or treated in bed 
elsewhere on nurse's or doctor's advice. Boarders going back directly to lessons after visiting the 
medical centre were not reported. A boarder with two different illness episodes requiring admission 
could be reported twice. Three types of respiratory illnesses were reported: (i) upper respiratory 
tract infection - URTI (cold, pharyngitis, sinusitis or otitis media), (ii) influenza-like illness - ILI (sudden 
onset of measured fever [>38 °C], with cough or sore throat, in the absence of other diagnoses[20]), 
and (iii) chest infection (bronchitis, pneumonia or pleurisy). The three categories were mutually 
exclusive and the school staff had to determine how to classify an acute respiratory illness. Only the 
names of admissible illnesses were given for URTI and chest infection, while a pre-defined case 
definition was given for ILI, our main endpoint. Questions to determine the school year of each ill 
boarder were also included. Two reminders were sent by email to schools that had not completed 
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their weekly return. 
 
When a school reported an ILI outbreak (two or more cases of ILI occurring in the same school within 
7 days), swabbing kits were distributed by PHE to collect combined nose and throat swabs in order 
to obtain laboratory confirmation of the diagnosis.  Up to five samples could be collected in an ILI 
outbreak from affected boarders (sampling ≤7 days after symptom onset). 
 
Influenza vaccine uptake 
After the seasonal influenza vaccination campaign was completed in December 2013, a short survey 
was sent to each school in February 2014 to estimate the school-level cumulative uptake of influenza 
vaccine in boarders in 2013/14, with a breakdown by school year. A “vaccinating school” was defined 
as a school offering influenza vaccine to all healthy boarders and to boarders with an underlying 
clinical risk factor (high-risk boarders). Schools only offering influenza vaccine to high-risk boarders 
or not offering it to any boarder were referred as “non-vaccinating schools”. 
 
Statistical analysis 
We calculated respiratory illness (ILI, URTI, chest infections, all three respiratory illnesses combined) 
incidence rates in boarders over the period 25 November 2013 – 25 May 2014 and presented them 
by week, school year and influenza vaccination policy. The denominator used was the total number 
follow-up weeks of boarders under observation (border-weeks). Periods when the school was closed 
or had not sent its weekly return were excluded from follow-up time. We also compared the weekly 
ILI incidence rate in boarders with the weekly proportion of laboratory-confirmed influenza positive 
swabs in a national respiratory virus surveillance system with samples from both secondary and 
primary care (Respiratory DataMart System[21]). 
 
We compared vaccinating and non-vaccinating schools by calculating incidence rate ratios (RR) and 
95% confidence intervals, adjusting for age and sex of boarders, school size and week. The total 
impact of offering influenza vaccine to healthy boarders (effect on vaccinated and non-vaccinated 
secondary school boarders) was calculated according to the following equation: 
 
 impact = [1-RRvaccinating schools/non-vaccinating schools] x 100%.  
 
We also calculated the number of boarders needed to vaccinate (NNV) to prevent one admission 
with respiratory illness: 
 
NNV =                                influenza vaccine uptake(vaccinating schools)     

cumulative incidence ratevaccinating schools – cumulative incidence ratenon-vaccinating schools 
 
As a secondary analysis, we assessed if vaccinating schools with higher influenza vaccine uptake had 
a lower incidence of respiratory illness among boarders relative to schools with lower vaccine 
uptake. The categories used for vaccine uptake were <30%, 30-49% and ≥50%. Negative binomial 
regression was used in all models to take account of clustering of cases between schools. The 
significance level was set at 5% and tests were two-sided. All analyses were performed using STATA 
13 software (StataCorp LP, College Station, USA). 
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Results 

 
Participation and characteristics of MOSA schools 
A total of 43/222 MOSA schools (19%), representing 14776/49395 boarders (30%), agreed to 
participate in the study for the academic year 2013/14 (Figure 1). All schools participated until the 
end of the project. There was a good geographical spread of the vaccinating and non-vaccinating 
schools across England (Figure 2). 
 
Figure 1. Influenza vaccination policies in participating boarding schools, 2013/14 

 
 
Figure 2. Geographical spread of participating boarding schools across England (n=43), by flu 
vaccination policy, 2013/14 
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Nineteen schools (44%) offered influenza vaccine to healthy as well as high-risk boarders. Most of 
these schools also offered influenza vaccine to healthy day pupils and teaching staff (Figure 1). The 
remaining 24 schools offered influenza vaccine only to high-risk boarders except for two schools that 
were not offering influenza vaccine to any pupil.  
 
Three schools (7%) offered the live-attenuated influenza vaccine (LAIV) to healthy and high-risk 
boarders and four additional schools (9%) offered LAIV to only high-risk boarders. The remainder of 
schools offered inactivated influenza vaccine. 
 
Forty schools admitted boarders and day pupils and three schools only admitted boarders. Most of 
the schools were mixed (34/43; 79%), with five schools admitting boys only and four schools 
admitting girls only. There were nearly 1.5 times more boys than girls in participating schools, 
particularly in schools vaccinating healthy boarders where the ratio was more than 2:1 (Table 1). 
However, there were no statistically significant differences in the number of boarders and their age 
and sex between vaccinating and non-vaccinating schools (all p-values ≥0.05). There was a mean of 
344 boarders per school (range 25 to 1300). The vast majority of boarders were of secondary school 
age (school years 7-13 [aged 11-17 years], 98.9%), with only 159 primary school boarders (school 
years 1-6 [aged 5-10 years], 1.1%). 
 
Influenza vaccine uptake 
The mean influenza vaccine uptake for all boarders in participating schools was 27.0%. The influenza 
vaccine uptake in the 24 schools not offering influenza vaccine to healthy boarders (mean, 5.4% in 
all boarders; range, 0.8%-11.9%) was systematically lower than the influenza vaccine uptake in the 
19 schools offering influenza vaccine to healthy boarders (mean, 48.5% in all boarders; range, 14.2%-
88.5%). Twelve schools vaccinating healthy boarders for influenza reported vaccine uptake by school 
year; there was a gradual decrease in uptake with older age of boarders (60.0% for years1-6 to 41.2% 
for year 13, p-value for trend <0.001). 
 
Only 14 schools reported influenza vaccine uptake for day pupils, including eight schools vaccinating 
healthy day pupils. The mean influenza vaccine uptake for these eight schools was 20.2% (range, 
2.9%-28.6%). Nineteen schools reported influenza vaccine uptake for teaching staff, including 16 
schools vaccinating healthy teaching staff. The mean vaccine uptake for these 16 schools was 20.7% 
(range, 4.0%-59.0%). 
 
Rate of respiratory illnesses 
During the surveillance period, the participation for the weekly questionnaire was high (94% of all 
weekly surveys completed). Most of the illnesses reported were upper respiratory tract infections - 
URTI (1269 cases; 4.90/1000 boarder-weeks), as shown in Table 2. There were less ILI reports (129 
cases; 0.50/1000 boarder-weeks) and chest infections (70 cases, 0.27/1000 boarder-weeks) 
reported. The rate of respiratory illnesses was lower in older boarders (Years 1-6, 10.67/1000 
boarders-weeks; Year 13, 3.10/1000 boarder-weeks; p-value for trend <0.001). However, the 
majority of illnesses (97.9%) were reported from secondary school boarders (years 7-13).  
 
The 2013/14 season was relatively mild, with low levels of influenza activity reported through 
national influenza surveillance [22]. Influenza A (H1N1)pdm09 was the dominant circulating virus. 
According to the Respiratory DataMart System, overall influenza positivity in the general population 
peaked at the end of February 2014 (Figure 3A, double line). In participating schools, the rate of ILI 
was high before Christmas (Figure 3A, full line with markers). There was then a peak in ILI during the 
week ending 2 February 2014, when the rate of all respiratory illnesses reported also peaked (Figure 
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3B). The highest ILI rates in MOSA schools occurred approximately one month earlier than the peak 
of influenza positivity within the Respiratory DataMart System. 
 
Table 1. Characteristics of participating schools and students according to the school’s influenza 
vaccination policy, 2013/14 

 
Schools offering influenza 

vaccine to healthy boarders 
n=19 (44%) 

Schools not offering influenza 
vaccine to healthy boarders 

n=24 (56%) 
Total p value 

Total population  
(mean per school): 

 
13 493 (710) 

 
16 051 (669) 

 
29 544 (687) 

 
0.743 

Number of students by type (mean 
per school): 

Boarders 
Day pupils 

 
 

7427 (391) 
6066 (319) 

 
 

7349 (306) 
8702 (363) 

 
 

14 776 (344) 
14 768 (343) 

 
 
 
0.696 

Number of students by sex (mean 
per school): 

Boys 
Girls  

 
 

9733 (512) 
4260 (224) 

 
 

7733 (322) 
8007 (334) 

 
 

17 466 (406) 
12 267 (285) 

 
 
 
0.070 

Number of boarders by school year 
(mean per school): 

Year 1 – Year 6  
Year 7 
Year 8 
Year 9 
Year 10 
Year 11 
Year 12  
Year 13  

 
 
 

48 (3) 
122 (6) 
144 (8) 

1239 (65) 
1320 (70) 
1310 (69) 
1657 (87) 
1587 (84) 

 
 
 

111 (5) 
182 (8) 

234 (10) 
1138 (47) 
1211 (51) 
1274 (53) 
1627 (68) 
1572 (66) 

 
 
 

159 (4) 
304 (7) 
378 (9) 

2377 (55) 
2531 (59) 
2584 (60) 
3284 (76) 
3159 (74) 

 
 
 
0.236 
0.240 
0.328 
0.669 
0.582 
0.816 
0.533 
0.456 

Number of day pupils by school 
year (mean per school): 

Year 1 – Year 6  
Year 7 
Year 8 
Year 9 
Year 10 
Year 11 
Year 12  
Year 13  

 
 
 

1616 (85) 
435 (23) 
442 (23) 
708 (37) 
748 (39) 
737 (39) 
712 (37) 
668 (35) 

 
 
 

2464 (107) 
775 (34) 
771 (34) 
913 (40) 

1031 (45) 
999 (43) 
929 (40) 
820 (36) 

 
 
 

4080 (95) 
1210 (28) 
1213 (28) 
1621 (38) 
1779 (41) 
1736 (40) 
1641 (38) 
1488 (35) 

 
 
 
0.471 
0.226 
0.231 
0.566 
0.642 
0.501 
0.714 
0.874 

The Kruskal-Wallis equality of populations rank test was used for statistical comparisons between 
vaccinating and non-vaccinating schools. For total population, the mean number of students per 
school was compared. For type and sex of students, the proportion of boarders and boys in each 
school, respectively, was compared. For school year, the proportion of boarders and day pupils for 
each school year was compared in each school. 
 
There were 18 ILI outbreaks reported in MOSA schools during the 2013/14 season (between two to 
12 cases per outbreak); four (22%) occurred in the 19 schools offering influenza vaccine to healthy 
boarders and 14 (78%) in the 24 schools not offering influenza vaccine to healthy boarders. There 
were a significantly lower number of outbreak-related ILI cases in vaccinating vs. non-vaccinating 
schools (8 vs. 68 cases, respectively; p<0.001). Swabbing was successfully undertaken for only three 
of the 18 outbreaks (17%): two were negative by PCR testing for influenza (one vaccinating and one 
non-vaccinating school) and one outbreak was positive for influenza  
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Table 2. Weekly incidence rate of respiratory illnesses reported by participating schools, by diagnosis 
and school year, 2013/14 

 
There were 65 upper respiratory tract infections, one influenza-like illness and one chest infection reported 
without information on age group; these cases were excluded from this table and from other analyses. 

 
A(H1N1)pmd09 virus (5/6 confirmed cases in a non-vaccinating school). Overall, 5/11 (45%) of 
samples collected during ILI outbreaks in participating schools were positive for influenza, all in non-
vaccinating schools. 
 
Rate of respiratory illness and vaccination policy 
The weekly rate of respiratory illness, including influenza, was generally lower in schools offering 
influenza vaccine to healthy boarders (Figures 4A and 4B). As there were few primary school 
boarders, only 31 illnesses were reported for school years 1-6 (2%). These younger boarders were 
excluded from vaccine impact analyses in order to focus on secondary school boarders. 
 
For the whole study period, 33 ILIs with admission in the health centre were reported in vaccinating 
schools in secondary school age boarders (0.26/1000 boarder-weeks; 95%CI, 0.18-0.36/1000) 
compared to 95 ILIs in non-vaccinating schools (0.74/1000 boarder-weeks; 95%CI, 0.60-0.91/1000), 
as shown in Table 3. The rate of ILI in boarders in vaccinating schools was 65% lower than the rate 
of ILI in non-vaccinating schools (RR = 0.35; 95%CI, 0.23-0.52). After taking into account the 
differences in characteristics between the two groups (age of boarders, sex, school size, week), the 
difference was smaller but the rate was still significantly reduced by 54% (adjusted RR=0.46; 95%CI, 
0.28-0.76). The rate was also reduced by 28% for URTIs (adjusted RR=0.72; 95%CI, 0.61-0.85) and by 
82% for chest infections (adjusted RR=0.18; 95%CI 0.09-0.36). Using the formula to calculate the 
number needed to vaccinate, one admission for ILI in the health centre was prevented after 50 
influenza vaccine doses were administered to boarders. As the incidence rate of URTI was higher, 
only 8 boarders needed to be vaccinated to prevent one URTI admission in the health centre. 
 
A higher vaccine uptake was associated with a greater impact on the incidence of URTI. Compared 
with non-vaccinating schools, the RRs for vaccinating schools with an influenza vaccine uptake of 
<30%, 30%-49% and ≥50% were 0.97 (95%CI, 0.76-1.24), 0.67 (95%CI, 0.54-0.83) and 0.33 (95%CI, 
0.24-0.47), respectively. For ILI, there was no evidence of dose-response relationship but confidence 
intervals were wide. Compared with non-vaccinating schools, the RRs for vaccinating schools with 
an influenza vaccine uptake of <30%, 30%-49% and ≥50% were 0.14 (95%CI, 0.04-0.47), 0.64 (95%CI, 
0.35-0.1.16) and 0.52 (95%CI, 0.21-1.27), respectively. 
 

School 

year 

Number 

of 

boarders 

URTI (n) 

Incidence rate, 

URTI (/1000 

boarder-weeks) 

ILI (n) 

Incidence rate, 

ILI (/1000 

boarder-weeks) 

Chest 

infections 

(n) 

Incidence rate, chest 

infections (/1000 

boarder-weeks) 

All respiratory 

illnesses (n) 

Incidence rate, 

all respiratory 

illnesses (/1000 

boarder-weeks) 

Years 1-6 159 29 9.98 1 0.34 1 0.34 31 10.67 

Year 7 304 40 7.65 5 0.96 1 0.19 46 8.80 

Year 8 378 57 8.71 4 0.61 0 0.00 61 9.32 

Year 9 2377 256 6.15 28 0.67 16 0.38 300 7.21 

Year 10 2531 265 5.97 31 0.70 8 0.18 304 6.85 

Year 11 2584 218 4.80 22 0.48 18 0.40 258 5.68 

Year 12 3284 258 4.48 21 0.36 17 0.30 296 5.14 

Year 13 3159 146 2.63 17 0.31 9 0.16 172 3.10 

Total 14776 1269 4.90 129 0.50 70 0.27 1468 5.66 
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Table 3. Incidence rate ratio of respiratory illness in all boarders in study schools offering influenza 
vaccine to healthy boarders compared to schools that were not, by diagnosis, 2013/14 

 
Schools vaccinating healthy 
boarders (7379 secondary 

school boarders) 

Schools not vaccinating 
healthy boarders (7238 

secondary school boarders) 
  

Illness 
Number 
of cases 

Incidence rate 
(/1000 boarder-

weeks) 

Number 
of cases 

Incidence rate 
(/1000 boarder-

weeks) 

Crude incidence 
rate ratio (RR) 

(95%CI) 

Adjusted incidence 
rate ratio (RR) 

(95%CI) 

Upper respiratory 
tract infection 

429 3.35 811 6.33 0.53 (0.47-0.60) 0.72 (0.61-0.85) 

Influenza-like illness 33 0.26 95 0.74 0.35 (0.23-0.52) 0.46 (0.28-0.76) 

Chest infection 17 0.13 52 0.41 0.33 (0.18-0.57) 0.18 (0.09-0.36) 

All respiratory 
illnesses 

479 3.74 958 7.48 0.50 (0.45-0.56) 0.65 (0.56-0.76) 

The analysis excludes primary school boarders (1.1% of boarders). Adjusted results take into account age and 
sex of the boarders, school size and week 

 
 

Discussion 

 
The MOSA scheme has been a longstanding programme contributing to the national influenza 
surveillance in England. In 2013/14, this scheme comprising 43 schools and 15000 boarders 
investigated respiratory illness rates between schools with programmes to vaccinate all healthy 
boarders and schools without such programmes. Vaccinating schools achieved an average uptake of 
49% in all boarding pupils. A 54% reduction of influenza-like illness in all boarders was observed at 
these schools compared to non-vaccinating schools, after adjusting for characteristics such as age, 
sex, school size and time of the year. This represents approximately two boarder admissions for ILI 
in the health centre prevented per 100 vaccinated boarders. A significant reduction of URTI (28%) 
and chest infection (82%) disease rates was also noted. These findings are the first in England and 
elsewhere in Europe to assess the impact of childhood influenza vaccination on respiratory illness in 
secondary school settings amongst all pupils (both vaccinated and non-vaccinated). 
 
The reduction of 54% in ILI rates for schools vaccinating boarders was similar or even higher than in 
community studies that investigated the impact of a school-based influenza vaccine programme on 
acute respiratory illnesses. For example, Grijalva et al.[8] found a 30%-45% reduction of medically 
attended acute respiratory illnesses among children aged 5-17 years in Tennessee, USA when 
comparing a county with a school-based influenza vaccination campaign and other surrounding 
counties.  Another study showed a reduction lower than 20%[9]. The decrease in ILI rates found in 
the current study (54%) was also higher than the mean influenza vaccine uptake in schools 
immunising healthy boarders (49%). This is likely due to indirect effects of the programme (herd 
immunity) since vaccinated boarders are less likely to transmit the infection, which provides some 
protection for unvaccinated boarders. This has been observed in other studies targeting school  
 
 
 
 
 
 
 



Page 104 of 179 

 

Figure 3. Weekly rate of respiratory illness reported in boarders, MOSA participating schools, 
2013/14 

 
(A) Weekly rate of influenza-like illness reported in all boarders (full line with markers) and weekly proportion 
of laboratory-confirmed influenza positive samples taken from both primary and secondary healthcare 
settings (double line), as reported by Respiratory DataMart System.  
(B) Weekly rate of all respiratory illnesses reported in all boarders. The rates of illness for the weeks before 
and after each school break slightly underestimate the real value as some schools were not opened for the 
whole 7-day period. ILI, influenza-like illness; MOSA, Medical Officers of Schools Association; PHE, Public 
Health England; RCGP, Royal College of General Practitioners. 

 
children[5,13,23]. Schools vaccinating healthy boarders were more likely to vaccinate day pupils and 
staff, which may also contribute to indirect effects. Another contributing factor may be the low 
intensity of the 2013/14 influenza season[24]. Basta et al.[16] suggested that the indirect effects of 
influenza vaccination may be higher during mild seasons, as it may be easier to reduce transmission 
near or below the epidemic threshold. Vaccination may also have a higher impact in closed settings 
like boarding schools, where students mix preferentially with the same age groups. Several studies 
in boarding schools have found an appreciable impact of influenza vaccination, with direct vaccine 
effectiveness ranging from 36% to 63%[25–27]. However, the indirect effects of influenza vaccination 
on unprotected boarders were not considered in these studies.  
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Figure 4. Weekly rate of respiratory illness reported in boarders, MOSA participating schools, by 
influenza vaccine policy, 2013/14 

 
(A) Weekly rate of influenza-like illness reported in participating schools.  
(B) Weekly rate of all respiratory illnesses reported in participating schools. The rates of illness for the weeks 
before and after each school break slightly underestimate the real value as some schools were not opened for 
the whole 7-day period. ILI, influenza-like illness; MOSA, Medical Officers of Schools Association.  

 
In addition to ILI, the rate of URTI was 26% lower in schools vaccinating healthy boarders compared 
to those that were not. A high proportion of influenza infections are known to be asymptomatic or 
present with mild clinical illness[28]. During an influenza season, 15-20% of the population can be 
infected by seasonal influenza, a proportion about 20-fold higher than the cumulative ILI rates in the 
current study (8.7/1000 boarders). We hypothesize that many mild influenza infections were 
reported as URTI, which would explain the lower URTI rate in schools vaccinating healthy children. 
Furthermore, the difference was higher for ILI (54%), which is a more specific case definition 
compared to URTI[29]. Nonetheless, this demonstrates that, in the context of a low-intensity 
influenza season and relatively high vaccine uptake in schools resulting in a degree of herd immunity, 
approximately 12 URTI cases with admission in the health centre were prevented for every 100 
boarders vaccinated.  
 
The increase in influenza rates in participating schools occurred earlier than the increase in the 
proportion of tests positive for influenza in the general population. This supports evidence that 
compared to other parts of the population, activity generally appears earlier in school-aged children, 
particularly in settings such as boarding schools, and that this could contribute to their role in 
transmission[3]. Additionally, boarders often travel back to school from international locations and 
can import early cases of influenza, suggesting surveillance of ILI in boarders could detect the first 
signs of influenza activity. In contrast, less specific indicators such as school absenteeism have not 
consistently been able to detect influenza activity earlier than traditional influenza surveillance 
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tools[30–33]. 
 
There are several limitations to this study. First, there was no routine nasopharyngeal swabbing to 
confirm each ILI case. Swabbing was only offered during ILI outbreaks (defined as two or more cases 
of ILI occurring in the same school within seven days) and was successfully undertaken for only 3/18 
(17%) of them, either because the outbreaks occurred in schools that did not participate in the 
swabbing scheme or because the swabs would have been collected more than 7 days after symptom 
onset in the affected schools. Several ILIs were reported by non-vaccinating schools before the 
increase of influenza activity in the general population. It is probable that many of these ILIs were 
influenza cases occurring early in these non-vaccinated schools, which were more vulnerable to 
influenza outbreaks. However, respiratory syncytial virus was circulating in December 2013 and 
some ILIs may have been due to this virus. This highlights the importance of obtaining timely 
laboratory confirmation of outbreaks of ILI in future seasons. Second, the participating schools under 
study were neither randomised nor blinded to receive vaccine. Some school characteristics (e.g. 
frequency of hand washing or degree of exclusion in case of respiratory illness) were not measured 
and could act as potential confounders. Health staff from non-vaccinating schools may also have 
been more likely to report an infection as an influenza-like illness as most boarders were known to 
be unvaccinated. Nonetheless, it is unlikely that this bias accounts for the difference between 
vaccinating and non-vaccinating schools as a standardized clinical definition was used for ILI and as 
a protective effect was seen for other clinical respiratory endpoints. Moreover, the high reporting 
rate for the weekly returns in both vaccinating (91%) and non-vaccinating (95%) schools shows the 
high involvement in both groups. Schools never omitted to complete a weekly return because they 
were too busy with respiratory illnesses in boarders. Therefore, there is unlikely to be a significant 
reporting bias. Third, we did not find a significant dose-response relationship when studying the 
association between ILI rates and vaccine uptake, possibly because of power issues related to the 
low number of cases reported. However, the fact that schools with higher vaccine uptake had lower 
URTI rates is reassuring. Finally, the results are for a single influenza season where low activity was 
observed. The effectiveness of influenza vaccines can vary according to various factors such as the 
setting and viral circulation patterns[34]. It will be important to assess if a similar impact is observed 
during upcoming influenza seasons.  
 
The MOSA surveillance scheme remains important for the surveillance of respiratory illnesses in 
England. It can help to detect transmission of influenza early in the season, particularly when linked 
to virological sampling. In addition, the scheme is helpful to complement the evaluation of the new 
childhood influenza vaccine programme which only targeted primary school students in 
2013/14[35]. This year’s results, demonstrating a 54% reduction of influenza-like illness in schools 
vaccinating healthy boarders, adds to the evidence base supporting the roll-out of the universal 
influenza vaccination programme to secondary schools in the future years. With the continued roll-
out of the new childhood influenza vaccination programme in England, additional research is needed 
to measure the impact of secondary school influenza vaccination on influenza swab positivity and in 
non-boarding secondary school settings. 
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CHAPTER FOUR.  
 

What were initial observations from the first season of the 
programme? 
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Abstract 

 
Introduction. Through a phased rollout, the UK is implementing annual influenza vaccination for all 
healthy children aged 2-16 years old. In the first year of the programme in England in 2013/14, all 
2-3 year olds were offered influenza vaccine through primary care and a primary school age 
programme was piloted mainly through schools in geographically distinct areas. Equitable delivery 
is a key aim of the programme; it is unclear if concerns by some religious groups over influenza 
vaccine content have impacted on uptake. 
Methods. At the end of the 2013/14 season, variations in uptake for 2-3 year olds and 4-11 year 
olds were assessed and stratified by population-level predictors: deprivation, ethnicity, religious 
beliefs and rurality. GP practice or school level uptake was linearly regressed against these variables 
to determine potential predictors and changes in uptake, adjusting for significant factors. 
Results. Uptake varied considerably by geographic locality for both age groups. Lower uptake was 
seen in increasingly deprived areas, with an adjusted uptake in the most deprived quintile 12% and 
8% lower than the least deprived areas by age-group respectively. By ethnicity, the highest non-
white population quartile had an adjusted uptake 9% and 14% lower than the lowest non-white 
quartile by age-group respectively. Uptake also varied according to religious belief, with adjusted 
uptake in the highest Muslim population tertile 8% lower than the lowest Muslim population tertile 
in 4-11 year olds. 
Conclusion. In the first season of the childhood influenza vaccination programme, uptake was not 
uniform across the country, with deprivation and ethnicity both predictors of low uptake in pre-
school and primary school age children, and religious beliefs also an important factor particularly in 
the latter group. With the continued rollout of the programme, these population-level factors 
should be addressed to achieve sustained successful uptake, along with assessment of contribution 
of individual and household-level factors. 
 
 

Introduction 

 
Until recently, the United Kingdom (UK) has employed a selective influenza immunisation 
programme, with vaccine targeted at those individuals who are more likely to develop severe 
disease following infection together with their carers to reduce the risk of transmission. This 
included 65+ year olds, under 64 year olds in a pre-defined clinical risk group, pregnant women and 
frontline healthcare workers. However, a considerable burden of disease due to influenza continued 
to occur in the population in both vaccinated and non-vaccinated groups[1,2,3] and evidence is 
accumulating of the key role that children play in driving influenza transmission each winter[4]. 
Mathematical modelling work has demonstrated that vaccinating healthy children could potentially 
provide both direct protection to the targeted groups and indirect protection to other groups by 
reducing transmission in the population[5,6]. On this basis, the UK Departments of Health 
recommended extending the programme to all children aged 2-16 years of age[7,8]. 
 
This programme extension will primarily utilise a newly licensed intra- nasally administered live 
attenuated influenza vaccine (LAIV), with a phased rollout over a number of seasons. In England in 
2013/14, all children aged 2-3 years were offered LAIV through primary care, together with primary 
school aged children aged 4-11 years old in seven geographically distinct pilots where vaccine was 
delivered predominantly in school settings(7). Uptake of influenza vaccine through primary care 
reached 41.4% in 2-3 year olds[9], 42.6% in two year olds and 39.5% in three year olds, with a higher 
uptake reported in at-risk groups (56.5%) relative to healthy children (40.6%). An overall uptake of 
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52.5% was reached in 4-11yrs[10], increasing to 56.3% when considering the six pilot sites where 
the vaccine was delivered through schools (LAIV was delivered through community pharmacies in 
the other pilot area). 
 
While these figures appear encouraging in the first year of the programme, there was uncertainty 
about acceptability and equitable delivery, key requirements of a national vaccination programme. 
Evidence suggests several factors can have an impact on influenza vaccine uptake. Deprived areas 
have been shown to have lower uptake across age groups[11,12,13] and uptake has also been 
associated with ethnic diversity, with lower uptake observed in communities with higher proportion 
of non-White residents[12]. Lower uptake has also been seen in urban relative to rural areas, though 
this was largely explained by other factors[13]. Specific concerns were raised during 2013/14, 
particularly amongst Muslim and Jewish religious groups, regarding the porcine origin gelatin 
component of LAIV[14]. Despite support for use of the vaccine from groups such as the Muslim 
Council, the issue received considerable media attention. It is currently unclear what the effect of 
this might have been on the influenza vaccine programme in 2-3 and 4-11 year olds as religious 
beliefs have previously been associated with increasing likelihood of under-immunisation for several 
vaccines[15,16,17,18]. 
 
While the majority of studies have assessed predictors of uptake at the individual level, uptake will 
also be influenced by factors at the level of household and community[19,20]. Although more 
limited in the causal inferences that can be drawn, ecological analysis can use routinely collected 
data to help rapidly identify potential factors associated with low uptake, which can inform 
subsequent rollout of a vaccination programme. Therefore the key aims of this manuscript were to: 

 Assess the variation in influenza vaccine uptake across England in 2-3 year olds in primary 
care and 4-11 year olds in primary schools in the first year of the programme in 2013/14 by 
key population-level factors such as deprivation, ethnicity and religious beliefs 

 Identify at an ecological level predictors of vaccine uptake in 2-3 year olds and 4-11 year olds 
to ascertain if inequalities are apparent 

 
 

Methods 

 
Data 
 
Uptake 
The collection of influenza vaccine uptake data has previously been described[12,13]. Uptake in 2-
3 year olds, available stratified by year of age and by predefined clinical risk group, was collected at 
GP practice-level across England through the Public Health England (PHE)-commissioned website, 
ImmForm[21]. This collection process is mandatory, and predominantly undertaken via automated 
extraction (>80%). Uptake was calculated by dividing the number of GP-registered 2-3 year olds who 
received at least one dose of influenza vaccine by the number of 2-3 year olds registered at that 
practice and eligible to be vaccinated from 1 September 2013 to 31 January 2014. Uptake was 
aggregated by Clinical Commissioning Group (CCG) and PHE Region (North of England, Midlands & 
East of England (Central), London and South of England). CCG- level data was mapped using ArcGIS 
(ArcMap 10.2, ESRI, Redlands, California). 
 
Uptake in 4-11 years was collected at school-level from each of the six pilot sites where the vaccine 
was delivered in schools, corresponding to 5% of the primary school age population in England[10]. 
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Uptake was calculated by dividing the total number of children in the target age-group that received 
at least one dose of influenza vaccine by the number of children eligible for vaccination during the 
period the influenza vaccine was available based on the school roll population. 
 
Population-level characteristics 
The postcode of each GP practice and school was matched to various predictors available at 2011 
census Office for National Statistics (ONS)-defined Lower Super Output Area level (lsoa, each with a 
population range of 1,000 – 3,000[22]) which were used to assess potential ecological associations 
with uptake in 2-3 year olds and 4-11 year olds. 
 
The index of multiple deprivation (IMD) is an overall score assigned to each lsoa summarising its 
relative level of deprivation based on seven topic areas: income, employment, health, education, 
crime, service access and living environment[23]. As the value of the score increases, the level of 
deprivation increases. The most recently available scores were developed in 2010 based on lsoa 
boundaries defined in 2001. To ensure comparability with 2011 census indicators following lsoa 
boundary changes in 2011, PHE-developed corrections were utilized[24]. Scores were analysed both 
continuously and, based on the distribution, categorically through the calculation of quintiles. 
 
Information on ethnic constitution of each lsoa is available according to the following categories: 
White/Mixed/Asian/Black/Other[25]. The proportion of lsoa classified as belonging in a black or 
minority ethnic group (%BME, defined as non-white British[20]) was calculated and, based on the 
distribution, categorically grouped into quartiles. 
 
Information on the religious constitution of each lsoa is available with the categories of 
Christian/Buddhist/Hindu/Jewish/Muslim/Sikh/Other/None[26]. Proportions were analysed, 
focusing on Jewish and Muslim because of the issues reported during the season with the use of 
porcine gelatin in the vaccine. Based on numbers in each category, the proportion of lsoa identifying 
as Jewish was grouped into 0% and >0% and Muslim into 0%, 1-4% and 5%+. 
 
Classification of the lsoa as rural (Town and fringe/Village or hamlet/Isolated dwelling) or urban 
(Major conurbation/Minor conurbation/City and town) was available from the ONS 2011 
census[27]. 
 
Analysis 
 
Descriptive 
Influenza vaccine uptake was calculated for all 2-3 year olds, healthy 2-3 year olds, 2-3 year olds in 
a clinical risk group, two year olds, three year olds and 4-11 year olds, each stratified by key 
predictors to assess potential ecological associations. Continuous and categorical variables were 
compared to uptake through calculation of Spearman correlation coefficients with 95% bootstrap 
confidence intervals and chi square tests respectively. 
 
To look at validating the ecological population level relationship, the methodology was applied to 
the uptake of another vaccine recently introduced into the UK childhood immunisation programme 
which is also not administered via injection and where individual-level information on %BME was 
available. Since July 2013, rotavirus vaccine has been offered orally to all babies at two and three 
months of age, with an upper administration limit of 23 weeks[28]. Monthly vaccine uptake (i.e. the 
proportion of babies aged 25 weeks in the evaluation month who had of completed a two dose 
course of rotavirus vaccine by 24 weeks of age) are collected via an ImmForm survey, with 
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information at GP-practice level of uptake by ethnic group[29]. Uptake data for two doses of 
rotavirus vaccine for babies aged 25 weeks in February 2014 (representing 89% of GP practices in 
England) by GP practice-level %BME categories was compared to uptake by population-level %BME 
categories. 
 
Regression 
GP practice-level uptake of influenza vaccine in 2-3 year olds was linearly regressed against the 
aforementioned potential population-level predictors (PHE region, deprivation, ethnicity, religious 
constitution and rurality) to determine if changes in uptake could be explained. Variables significant 
in univariable analysis (p<0.01) were included in a multiple linear regression model to provide 
adjusted estimates and model fit was assessed. If a variable could be modelled in several ways, the 
version that resulted in the lowest model Akaike Information Criterion (AIC) value was retained. 
Additionally, stepwise model selection using AIC criteria was used to confirm the final models and 
test for interactions, including in the adjusted model if biologically plausible and highly significant 
(tested with likelihood ratio tests and p<0.005). The final adjusted linear regression model was also 
applied to GP practice-level uptake data for healthy 2-3 year olds and 2-3 year olds in a clinical risk 
group. 
 
Uptake in primary schools in the six pilot areas was similarly linearly regressed against the same 
population-level variables. The same modelling selection process was applied for school-level 
uptake of the influenza vaccine in 4-11 year olds with the same population-level variables except 
for PHE Region which was replaced with pilot site. South East Essex was chosen as the baseline pilot 
site because of a large denominator and no reports of concerns with components of the vaccine.  
 
Statistical analyses were carried out using R 3.0.2 (R Development Core Team, Vienna, Austria). 
 
 

Results 

 
Descriptive analysis 
Influenza vaccine uptake in 2-3 year olds was reported by 7,175 GP practices in England (>99%) and 
were matched to a lsoa. Variation in uptake was seen across England (Figure 1), ranging from 18.8% 
in a CCG in PHE London region to 60.5% in a CCG in PHE Central region. Low uptake was apparent 
across London (consistent within 2-3 year olds), with an overall uptake of 31.0% compared to 42.3% 
in Central, 43.8% in North and 44.0% in the South (Table 1). For uptake in 4-11 year olds, 565 schools 
reported data and were matched to the relevant lsoa. Estimated uptake varied in the reporting 
schools by pilot site, with both the highest pilot uptake (64.1% in Havering) and the lowest uptake 
(45.7% in Newham) reported in London (Table 2). 
 
Variation in GP practice-level uptake in 2-3 year olds and school-level uptake in 4-11 year olds were 
further apparent when stratified by lsoa-level variables (Tables 1 and 2), with uptake significantly 
varying across all predictors (Chi square test p<0.0001). Lower uptake was seen when the proportion 
of population classified as BME at the Isoa level increased, with the lowest uptake in the highest 
%BME quartile in 2-3 year olds (32.7%) and 4-11 year olds (42.1%). Uptake appeared negatively 
correlated with overall IMD score for 2-3 and 4-11 year olds (Spearman correlation coefficients of 
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Figure 1. Influenza vaccine uptake quintiles in 2-3 year olds by CCG, England, 2013/14 

 
Contains Ordnance Survey data © Crown copyright and database right 2014. 
Contains National Statistics data © Crown copyright and database right 2014. 

 
-0.264 (95%CI -0.287 to -0.243) and -0.444 (95%CI -0.372 to -0.513) respectively). This pattern 
persisted when lsoas were categorised by IMD quintile, with the lowest uptake in the most deprived 
quintile for 2-3 year olds (36.1%) and 4-11 year olds (44.5%). Differences in uptake in 2-3 and 4-11 
year olds were also seen between areas when stratified by religious beliefs, with a lower uptake 
seen when the lsoa population had some residents identifying as Jewish or Muslim. A higher uptake 
in urban areas relative to rural areas was seen for 2-3 year olds (48.8% vs. 40.1%, a pattern not just 
restricted to London) and for 4-11 year olds (66.3% vs. 54.1%). 
 
Regression 
 
2-3 year olds 
In 2-3 year olds in the unadjusted analysis, by PHE region (relative to the North), uptake was 
significantly lower in Central and London regions (Table 1). Out of the population-level 
characteristics, the largest impact was seen with ethnicity and deprivation, with uptake 15% lower 
in the highest %BME quartile relative to the lowest, and 12% lower in the most deprived quintile 
relative to the least deprived. When considering religious beliefs, uptake was 13% lower when 5%+ 
of the lsoa population identified as Muslim relative to 0%, and 8% lower if the lsoa contained some 
Jewish residents relative to none. Conversely uptake was 9% higher if the practice was in a rural lsoa 
compared to an urban lsoa.  
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Table 1. Vaccine uptake and unadjusted/adjusted impact on uptake determined through linear 
regression of area level predictors, 2-3 year olds, England, 2013/14 

 
1Estimates are in bold if p<0.05. 
2Estimates were adjusted for all variables tested initially due to each being highly significant 
 
All population-level characteristics were controlled for in multiple linear regression models and, 
after adjusting for these factors, the South was the only region to be significantly different from the 
North, with 3% lower uptake. Deprivation, ethnicity and presence of Jewish residents remained 
significant GP-level predictors of lower uptake in 2-3 year olds after adjustment (Table 1). The 
association was strongest for deprivation, with uptake remaining 12% lower in the most deprived 
relative to the least deprived quintile. By ethnicity, only the highest %BME quartile was significant, 
with an adjusted uptake 9% lower than the lowest %BME quartile. The adjusted impact of Jewish 
residents was smaller, with only a 3% lower uptake relative to areas with no Jewish residents. While 
the proportion of the lsoa identifying as Muslim was no longer significant, an interaction with PHE 
region was retained in the model, with an even lower uptake of 3-4% in the  
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Table 2. Vaccine uptake and unadjusted/adjusted impact on uptake determined through linear 
regression of area level predictors, 4-11 year olds, England, 2013/14 

 
1Estimates are in bold if p<0.05. 
2Estimates were adjusted for all variables tested initially due to each being highly significant 
 
Central region if there were some Muslim residents. A further significant interaction was seen 
between deprivation and ethnicity, with an uptake 9% higher if the GP practice was in the most 
deprived quintile and highest %BME quartile. Rurality of the GP practice was borderline significant, 
with uptake only 1% higher if in a rural area. 
 
When the model was applied to uptake in healthy 2-3 year olds (Table 3), observations were similar 
to those observed overall. However for at-risk children, only deprivation and ethnicity remained 
significant and less variation was explained (Table 3). 
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Table 3. Vaccine uptake and unadjusted/adjusted impact on uptake determined through linear 
regression of area level predictors, healthy and at-risk 2-3 year olds, England, 2013/14 

 
1Estimates are in bold if p<0.05. 
2Estimates were adjusted for all variables tested initially due to each being highly significant 
 
4-11 year olds 
In 4-11 year olds, in the unadjusted analysis, uptake by pilot site relative to South East Essex was 
significantly lower in Newham and Leicester (Table 2). A similar pattern to 2-3 year olds was seen 
for 4-11 year olds for ethnicity, deprivation and Muslim population. However significantly larger 
effects were seen, with uptake 21% lower in the highest %BME quartile, 20% lower in 5%+ Muslim 
population and 17% lower in the most deprived quintile. Uptake was 12% higher in rural relative to 
urban areas, while there was only a borderline significant effect of Jewish residents, with uptake 3% 
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higher. 
 
As seen for 2-3 year olds, all population-level characteristics were controlled for in the adjusted 
model and uptake by pilot site was significantly higher in Bury (by 8%) and Newham (by 13%) relative 
to South East Essex (Table 2). The adjusted model for 4-11 year olds had an R2 more than double 2-
3 year olds, suggesting more of the variation in uptake was explained by the population-level. 
Ethnicity and deprivation remained notable factors (Figure 2a), with 14% relatively lower uptake in 
the highest %BME quartile and 8% relatively lower uptake in the most deprived quintile. Unlike in 
2-3 year olds (Figure 2b), the impact of a Muslim population persisted, with uptake 8% lower when 
5%+ of the lsoa population identified as Muslim relative to 0%, while the impact of Jewish residents 
was no longer significant. A borderline significantly higher uptake persisted in rural areas relative to 
urban areas (4% higher). Adjusting for these factors, No interactions between any variables were 
significant. 
 
To assess the validity of population-level relationships, uptake of two doses of rotavirus vaccine in 
babies at 25 weeks of age by GP practice-level %BME categories was compared to uptake by lsoa-
level %BME categories. Overall, levels of uptake between the two measures coincided well 
(Spearman correlation coefficient of 0.629 (95%CI 0.608 to 0.645)) and similar uptake by category 
was seen. 
 
Figure 2. Adjusted linear regression % uptake change values with corresponding 95% confidence 
intervals for population-level predictors for 4-11 (A) and 2-3 (B) year olds, England, 2013/14 
(A) 
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(B) 

 
 
 
 

Discussion 

 
Subnationally, considerable variation in influenza vaccine uptake was seen for both pre-school and 
primary school age programmes, with a range in CCG level uptake from 19% to 61% for 2-3 year olds 
and 46% to 64% at the pilot level for 4-11 year olds. While PHE region-level uptake in 2-3 year olds 
was considerably lower in London, this difference was not significant when controlling for 
population-level factors, with adjusted uptake only slightly lower in the South. In 4-11 year old pilot 
areas, adjusted uptake was significantly higher in Newham and Bury, suggesting further pilot specific 
factors (E.g. programme delivery) might have had an impact on uptake. 
 
After adjusting for other characteristics, the association between lower uptake and higher levels of 
deprivation persisted in 2-3 and 4-11 year olds, as did increasing %BME, although a significantly 
lower uptake was only seen in areas in the highest %BME quartile. Other routine childhood 
vaccination programmes in England have shown differences in uptake by ethnicity[30] but the 
impact of deprivation was not clearly seen[30,31]. These factors were previously shown to be 
significantly associated with the selective influenza vaccination programme in adults, but did not 
persist when uptake was standardised for age and gender[12]. Gender was not available for this 
dataset and a narrow age group of 2-3 years old makes age standardisation unlikely to considerably 
alter the uptake pattern. GPs practicing in deprived areas or a high %BME should be aware of the 
likelihood of lower uptake. 
 
There was some evidence of variation in uptake levels in areas with different religious constitutions. 

-25

-20

-15

-10

-5

0

5

10

15

Q2 Q3 Q4 Q5 Q2 Q3 Q4 >0% Q2 Q3 Rural

IMD quintiles
(baseline = Q1)

% BME
(baseline = Q1)

% Jewish
(baseline =

0%)

% Muslim
(baseline = Q1)

Urban/rural
(baseline =

urban)

%
 u

p
ta

ke



Page 122 of 179 

 

While this factor was not as significant as deprivation and ethnicity in 2-3 year olds, in 4-11 year olds 
being in the highest Muslim population tertile had the same impact as being in the most deprived 
quintile. This corresponds to reports during the season from this group of concern over the vaccine 
composition of LAIV, despite public health messaging involving groups such as the Muslim Council. 
A significant interaction with the PHE Central region in 2-3 year olds suggested this may have 
extended to this age group in primary care. A small effect on uptake in 2-3 year olds was also seen 
in areas with Jewish residents who also raised concerns over the vaccine composition, though this 
wasn’t significant in 4-11 year olds. Much work has been undertaken with religious groups to further 
address this issue ahead of the forthcoming campaign in 2014/15. Qualitative work looking at 
attitudes to vaccination can further help to establish the importance of factors such as religious 
beliefs and language, which might lead to vaccine hesitancy. 
 
For both groups, adjusted uptake in rural relative to urban areas was only slightly higher, suggesting 
controlling for other population-level factors accounted for the majority of this variation. This is 
consistent with findings from a study involving adults[12] and suggests rather than specifically 
targeting urban areas, it would be more productive to target other risk factors for low uptake, in 
particular ethnicity and deprivation, which are localised to urban areas when looking to improve 
uptake. 
 
To the best of our knowledge, this is the first study to look at population-level predictors of uptake 
of influenza vaccine in children. The use of national routine data allowed sufficient power to rapidly 
assess this during the first year of the programme. It is important to note that the observations of 
variation in uptake corresponding with characteristics are ecological – these relationships may not 
hold at an individual level[20]. When assessing rotavirus uptake by GP-practice level %BME category 
compared to lsoa level, similar patterns of uptake were seen, providing confidence in consistent 
reporting of direction of effect. Information on GP-practice level ethnic group proportions for 
influenza uptake in 2-4 year olds will be available in 2014/15 to see if the population-level 
observations hold. For the 4-11 year olds, predictors at the level of the school for %BME and 
deprivation were retrieved[32] and produced similar results to the analysis presented in this paper, 
further validating observations. 
 
Information on individual and household-level factors such as household income, childhood 
immunisation history and parental support for vaccine were not available to include in this analysis. 
Additionally, there are likely to be factors related to the vaccine provider such as facilities for 
booking and attending appointments, the requirement for active involvement of parents and setting 
management. Qualitative work and individual-level data should be collected to ascertain which 
factors are significant at this level and how they differ by provider type to further understand 
differences between GP-based delivery to preschool age children and school-based delivery to 
primary school children. This can then be assessed in conjunction with the population-level factors 
to assist with future programme planning and delivery to improve uptake. 
 
Geographical and sub-population inequalities in uptake are important to identify and address. 
Influenza circulation can vary within a country[33] and if low uptake coincides with areas of 
influenza activity, this could have implications for the impact of influenza and the vaccine 
programme on burden of disease due to influenza. Although an encouraging start was achieved in 
the first year of implementation of the universal childhood influenza vaccine programme, 
considerable variation was observed across the country. Deprivation and ethnicity were key 
predictors for uptake and there is evidence that uptake in primary school children varied according 
to religious beliefs, and to a smaller extent in pre-school children. As annual revaccination is 
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required, it will be important to address these factors for the future rollout of the LAIV programme 
to achieve sustained successful uptake each season. 
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Abstract 

 
Background. It was recently recommended to extend, through a phased rollout, routine influenza 
vaccination of healthy children with the aim of protecting both the vaccinated children and the 
wider population through a reduction in transmission of infection. In 2013/14, 4-11 year olds were 
targeted in seven pilot areas across England. As school absenteeism can be an important societal 
burden of influenza infection, this study assessed if vaccination of school age children reduced levels 
of illness absenteeism. 
Methods. Illness absenteeism, the proportion of half day authorised absence sessions due to illness, 
was compared between influenza vaccination pilot and non-pilot areas during the Spring term 
(January to April 2014) when influenza mainly circulated. This was undertaken in primary schools 
(4-11 year olds) to measure the overall impact in the targeted age group and in secondary schools 
(11-16 year olds) to assess if any indirect impact was observed in older non-targeted age groups in 
the same locality. A linear multilevel regression model was applied, adjusting for clustering within 
schools and potential confounders, including deprivation, past absenteeism, and ethnicity. 
Results. Low levels of influenza activity were reported in the community in 2013/14. Primary schools 
in pilot areas had a statistically significant adjusted decrease in illness absenteeism of 0.05% (95%) 
relative to non-pilot schools. In secondary schools, there was no significant impact of being located 
in a primary school age pilot area on illness absenteeism.  
Conclusion. This study suggests a modest but significant reduction in illness absenteeism in primary 
schools in pilot areas where healthy children of primary school age were vaccinated, but no evidence 
this season of a significant indirect impact in secondary schools in these areas. These community-
wide insights into the potential societal benefits of vaccinating children can be used in conjunction 
with routine healthcare surveillance data to evaluate the full benefits of such a programme. 
 
 

Introduction 

 
Influenza has the potential to cause significant morbidity and mortality each year. Annual influenza 
vaccination programmes traditionally selectively target individuals who are at elevated risk of 
developing severe disease following infection[1],. Across developed countries, these programmes 
have  focussed on 65+ year olds, under 65 year olds in a clinical risk group and, more recently 
following the emergence of the 2009 pandemic influenza strain, pregnant women, vaccinating 
whom provides protection to the young infant. A small number of countries however also 
recommend targeting healthy children[2,3]. In addition to providing a direct benefit to the child 
themselves, as children are thought to be key transmitters of influenza vaccination is thought to 
also provide indirect protection to the wider community through reducing transmission of infection.  
 
Based on mathematical modelling studies [4] that predicted the population impact of vaccinating 
school age children together with the recent licensure of a live attenuated influenza vaccine in 
Europe which provides better protection than traditional inactivated vaccines in children, the Joint 
Committee on Vaccination and Immunisation (JCVI) recommended[5] by  the introduction of a 
universal annual influenza vaccination programme for children aged 2-16 years.  A phased 
introduction of the programme commenced in 2013/14 when immunisation was offered to all 
children 2-3 years old across the United Kingdom (UK) together with children aged 4-11 years old 
resident in seven  geographical pilot areas in England[6]. Assessment of the health impact of the 
first year of the programme on respiratory and influenza healthcare level outcomes found[7] a 
consistent, albeit not statistically significant, decrease in cumulative disease incidence across 
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targeted and non-targeted age-groups for different disease indicators in primary school age 
vaccination pilot relative to non-pilot areas.  
 
School absenteeism can be an important consequence of influenza infection. Absence of pupils from 
schools due to illness can have social and economic implications extending beyond those directly 
associated with the child, with parents and carers often needing to take time off work to care for 
their children[8]. Studies elsewhere have assessed the potential impact of paediatric influenza 
vaccination programmes on school absenteeism, with the expectation there would be reductions in 
school respiratory illness absenteeism following vaccination of healthy pupils[8,9,10]. The majority 
of available studies have been conducted in the United States and concluded such school-based 
programmes resulted in a modest reduction in absenteeism, with some suggesting a possible 
indirect impact in other age groups[11,12].  There were, however, several limitations with these 
studies, including assessing the broad outcome of all-cause absenteeism (illness and non-illness), 
low vaccination coverage, limited statistical power, and lack of adjustment for potential 
confounders between pilot and control schools such as deprivation and historical absenteeism 
patterns. 
 
The impact of paediatric influenza vaccination on school absenteeism in England, and indeed 
elsewhere in Europe, has to the best of our knowledge yet to be demonstrated. The availability of 
national school level absenteeism data in England through a mandatory reporting system and 
coding on the general cause allows us to assess if any impact of the newly established universal 
childhood influenza vaccination programme has been observed on illness absenteeism, adding to 
the current limited evidence base. The key aim of this paper is to compare illness absenteeism rates 
in primary schools in influenza vaccination pilot with non-pilot areas during the 2013/14 influenza 
season and also to assess if any indirect impact was observed in older non-targeted age groups in 
secondary school age children in the same locality. 
 
 

Methods 

 
Data 
 
Absenteeism  
The Department for Education in England collates and reports on enrolment level absence data each 
year for pupils of compulsory school age in England. The National Pupil Database[13] provided 
school level absence data for each state funded primary and secondary school in England, with a 
breakdown by term and school year group from Autumn 2011 to Spring 2014. Illness absenteeism 
for each term was defined as the proportion of authorised half-day absence sessions due to any 
illness, and does not included unauthorised absences where the school is not satisfied of the 
authenticity of the illness. 
 
Vaccination 
During 2013/14, seven geographically discrete pilot areas offered influenza vaccine to all children 
of primary school age (4-11 year olds): Bury, Cumbria, Gateshead, Leicester City and Rutland, 
Havering and Newham boroughs in London and South East Essex, with an estimated target 
population of children aged 4-11 years of 199,475[7]. Schools and associated absenteeism data 
were assigned to either pilot or non-pilot areas by postcode based on area boundaries of the pilot 
sites. 
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Vaccine uptake was collated by each NHS England pilot area team at school and year group level 
and reported through to Public Health England[7]. End-of-season uptake values were calculated, 
defined as the proportion of children in the target school population who received at least one dose 
of influenza vaccine during the 2013/14 campaign. Except for Cumbria, all pilot sites delivered 
vaccine through school programmes and school level uptake by year group was matched to the 
absenteeism dataset by postcode and school name, year group and postcode. Cumbria was 
excluded from all multilevel analyses as school level uptake data was not available. 
 
Other variables 
School-level characteristics for 2013/14 were available from the Department for Education’s annual 
school census[14] and were  matched to school-level absenteeism data with the Department for 
Education unique school identifier. Potential school-level confounding variables identified as likely 
to impact on absenteeism and controlled for include historic school absenteeism by year group, 
school setting (urban/rural), the proportion of children with special educational needs, the level of 
deprivation (measured through the Deprivation Affecting Children Index (IDACI)[15]) and the 
proportion of pupils with a defined ethnicity. 
 
Analysis 
 
Descriptive  
The proportion of sessions missed due to illness absenteeism by pupils in both primary schools (age 
4-11 years) and secondary schools (age 11-16 years) was determined for pilot and non-pilot areas 
in England, comparing values in both autumn and spring terms for the 2013/14 period. Crude 
prevalence ratios for absenteeism were then calculated for pilot relative to non-pilot areas for the 
autumn 2013 and spring 2014 terms. The proportions were also compared for other terms back to 
autumn 2011 to determine if there were systematic baseline differences between the pilot and non-
pilot areas. 
  
Continuous covariates were categorised according to their distribution to ensure sufficient numbers 
in each category and compared between pilot and non-pilot schools to see if there were notable 
differences. At the level of the school, IDACI rank was grouped into quintiles, proportion of pupils 
of white ethnicity was categorised as <50% and 50%+, other ethnic groups were split into <10% and 
10%+ and proportion of pupils with special educational needs was categorised as <20% or 20%+. 
School setting was grouped according to the following levels: urban, town, village and hamlet. 
Absenteeism was then compared across the covariates. 
 
Multilevel work 
As influenza started notably circulating at the beginning of 2014[16], absenteeism during the spring 
2014 term was defined as the dependent variable. Absenteeism data was available at year level 
nested within schools (Figure 1). A linear multilevel regression model was constructed to model 
spring 2014 school illness absenteeism and determine the impact of vaccination. We controlled for 
potential confounders identified in the literature as relevant and adjusted for clustering within 
schools (confirmed as significant at 95% level by comparing log likelihoods between models with 
fixed and random intercepts at school level). Model residuals were assessed to determine fit and if 
normality assumptions were appropriate. At the level of year group, variables modelled were spring 
2014 absenteeism (the dependent variable), autumn 2013 absenteeism and the average of 
absenteeism in autumn and spring terms in 2011/12 and 2012/13 (to adjust for background 
patterns), and number of pupils. At the level of school, variables modelled were vaccine pilot status 
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(pilot or non-pilot), urban/rural status, special educational needs, deprivation rank and ethnicity 
proportions. A third level of geographical region[17] was included to adjust for geographically 
varying influenza activity[18]. This model was run separately for primary school and secondary 
school data.   
 
To assess the dose-response relationship, the model with primary school data was additionally run 
with vaccination modelled as a continuous variable at the level of school. Vaccine uptake, the 
proportion of children in the target population who received at least one dose of influenza vaccine 
during the campaign period, was modelled and set to 0% in non-pilot areas.  
  
All statistical analyses were carried out using R version 3.0.2 (R Development Core Team, Vienna, 
Austria), with the multilevel model fitted using the nlme package[19]. 
 
 

Results 

 
Low levels of influenza activity were seen in the community in England in 2013/14, with the 2009 
pandemic A(H1N1) virus predominating and illness through health system based surveillance mainly 
reported in young adults[20]. Significant increases in activity occurred after Christmas, with a peak 
in activity seen in February/March 2014 and circulation continuing until the end of April. This period 
coincided with the spring 2014 term absenteeism data. All influenza A(H1N1)pdm09 viruses 
characterised were antigenically and genetically similar to the strains in the vaccine utilised in 
2013/14[20], suggesting a good match. In the first year of the pilot childhood influenza vaccination 
programme, uptake reached 43% in two year olds, 40% in three year olds and in 4-11 year olds in 
the six pilot sites it reached 56%, ranging from 46% to 72%[7]. 
 
For 2013/14, 99.8% of state funded primary schools (16,755/16,788) and 99.6% of secondary 
schools (3,315/3,329) in England had illness absenteeism and covariate data available for analysis, 
equating to 6,852,760 students. When stratified by pilot vaccine status, 5% of primary schools 
(n=809) and 5% of secondary schools (n=159) were in vaccine pilot sites (Figure 1). Vaccination 
information was available for most primary schools in pilot sites except for those in Cumbria. Out of 
the 585 schools with vaccination information available, 530 (91%) were matched to the absenteeism 
dataset, with the 55 schools not matched either classified as independent and absenteeism data 
not available for this study, or no matching absenteeism record was found. 
 
The characteristics of pilot and non-pilot schools are shown in Table 1. Between the two groups, 
school characteristics were broadly similar. Significant differences were seen for deprivation, with 
larger proportion of pupils in the most and least deprived quintiles in pilot sites relative to non-pilot 
sites. By ethnic group, differences were slight but significantly lower proportions of pupils were 
classified as “white”, “mixed” and “other” in pilot relative to non-pilot areas, with a significantly 
higher proportion classified as “Asian”. 
 
In primary schools, the largest range in absenteeism was seen by deprivation (Figure 2a) with the 
highest absenteeism seen in the second most deprived quintile (2.82%) and the lowest in the fifth 
quintile (2.48%), a decrease with decreasing deprivation. In secondary schools, the highest level of 
absenteeism across variables was seen in schools in hamlets (3.34%, Figure 2b) while the lowest was 
seen in schools with less than 50% of pupils with white ethnicity (2.57%).The range of proportion of 
sessions recorded as absent by year group within schools was fairly narrow. 
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Figure 1. Absenteeism data and analysis flow 

 
 1Out of the 809 pilot schools, 224 were located in Cumbria 
  
Figure 2. Crude absenteeism stratified by school-level characteristics in primary (A) and secondary 
(B) schools 
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Table 1. Characteristics of schools in influenza vaccine pilot and non-pilot areas* 

 Pilot areas Non-pilot areas p value 

M
ea

n
 n

u
m

b
er

 o
f 

p
u

p
ils

/s
ch

o
o

l 
Year 1 31 32 0.328 

Year 2 30 31 0.563 

Year 3 29 30 0.653 

Year 4 29 29 0.916 

Year 5 28 28 0.992 

Year 6 27 27 0.977 

Year 7 27 26 0.649 

Year 8 27 26 0.704 

Year 9 26 27 0.737 

Year 10 28 27 0.775 

Year 11 28 27 0.811 

Proportion of male pupils (%) 51.3 51.0 0.324 

M
ea

n
 E

th
n

ic
 

gr
o

u
p

 %
/s

ch
o

o
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White 79.0 80.9 0.042 

Mixed 3.6 4.7 <0.001 

Asian 9.1 6.6 <0.001 

Black 4.9 4.4 0.145 

Other 1.9 2.1 0.012 

Mean % Special Educational Needs children per school 37.0 32.8 0.052 

P
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n
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f 
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U
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u
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n
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%
) Urban 69.3 66.4 

0.147 
Town/fringe 11.0 10.0 

Village 15.9 18.7 

Hamlet 3.9 4.9 

P
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h
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D
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q

u
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 (
ID

A
C

I)
 

(%
) 

Q1 (most deprived) 24.2 19.8 

<0.001 

Q2 14.1 20.3 

Q3 16.6 20.2 

Q4 20.7 20.0 

Q5 (least deprived) 24.4 19.8 

*p values determined using chi square tests for categorical data and t tests for continuous data 
 

When stratifying by pilot/non pilot area, at an aggregate level, proportion of sessions missed due to 
illness were consistently lower in pilot relative to non-pilot areas across primary/secondary schools 
and term in 2013/14. There was a slight negative correlation seen with school level uptake and 
absenteeism (Spearman correlation coefficient of -0.097 (95% CI -0.186 to 0.002), suggesting 
absenteeism was lower for schools with higher vaccine coverage, although it was not significant. 
When assessing the crude difference in illness absenteeism proportions between pilot and non-pilot 
areas in the previous two seasons, 2011/12 and 2012/13, this was also generally the case, although 
to varying degrees.  
 

When controlling for possible confounders and clustering at the level of the school, the impact of 
being in a pilot area relative to a non-pilot area was a borderline significant decrease in primary 
school absenteeism of 0.054% (95% CI 0.003% to 0.104%, p=0.036,Table 2). This is equivalent to an 
average of 11 days per school. When considering linear variation by uptake level, an increase in 
uptake of 10% resulted in a decrease in absenteeism of 0.008%, which approached statistical 
significance (p=0.062). There was a higher level of illness absenteeism in secondary schools located 
in primary school age vaccination pilot areas relative to control areas, although the difference was 
not significant (p=0.485, Table 2). 
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Table 2. Adjusted impact on absenteeism determined through linear multilevel regression, with 
vaccination modelled as a pilot or non-pilot site for primary and secondary school children, England, 
spring 2014 

 

p values emboldened if <0.05 
 
 

Discussion 
 

During 2013/14, low levels of influenza activity were reported in the community, with only 9% of 
outbreaks reported in schools[20], compared to 36% the previous year[16]. Despite a fairly narrow 
range of proportion of sessions absent by year groups within schools, a borderline statistically 
significant impact of vaccinating primary school children against influenza was reported in primary 
schools when adjusting for confounders, with a decrease in illness absenteeism reported in primary 
school age pilot relative to non-pilot schools. This decrease was also seen when assessing the level 
of coverage, although the dose-response relationship only approached significance. In secondary 
schools however, there was no significant indirect impact on illness absenteeism of being located in 
a pilot area.   
 

% absenteeism change

(95% CI) p value

% absenteeism change

(95% CI) p value
0.009 

(0.009 to 0.010) <0.001

-0.001 

(-0.001 to 0.000) 0.587

0.457 

(0.450 to 0.465) <0.001

0.305 

(0.294 to 0.315) <0.001

0.316 

(0.301 to 0.331) <0.001

0.457 

(0.425 to 0.488) <0.001

-0.054 

(-0.104 to -0.003) 0.036

0.365 

(-0.659 to 1.389) 0.485

0.033 

(0.003 to 0.064) 0.032

0.082 

(0.021 to 0.144) 0.009

0.07 

(0.040 to 0.099) <0.001

0.096 

(-0.018 to 0.209) 0.098

0.073 

(0.026 to 0.121) 0.003

0.129 

(-0.009 to 0.266) 0.067

0.021 

(0.001 to 0.041) 0.036

0.001 

(-0.069 to 0.071) 0.979

-0.005 

(-0.035 to 0.024) 0.729

0.058 

(-0.003 to 0.119) 0.062

-0.009 

(-0.040 to 0.023) 0.586

0.1 

(0.034 to 0.165) 0.003

-0.044 

(-0.076 to -0.011) 0.008

0.089 

(0.021 to 0.156) 0.010

-0.053 

(-0.086 to -0.020) 0.002

0.074 

(0.008 to 0.140) 0.029

<50%

50%+
0.063 

(0.021 to 0.105) 0.003

0.038 

(-0.044 to 0.121) 0.364

<10%

10%+
-0.011 

(-0.043 to 0.021) 0.493

-0.022 

(-0.106 to 0.063) 0.616

<10%

10%+
-0.009 

(-0.040 to 0.023) 0.595

-0.013 

(-0.072 to 0.045) 0.660

<10%

10%+
-0.043 

(-0.081 to -0.004) 0.030

0.011 

(-0.067 to 0.088) 0.785

Level of 

variable
Variable by which absenteeism varies

Baseline

Baseline

Baseline

Primary school Secondary school

Baseline

Per 10 pupils

per % autumn 2013 term absenteeism

per % historic absenteeism

School level
Q3

Baseline

NA NA

Other 

variables

Baseline

Baseline

Baseline

20%+

Village

% Special 

Educational 

Needs children

<20%

Vaccination

No

Yes

per 10% uptake

Q4

Q5 (least deprived)

Urban/ rural 

Urban

Hamlet

Town

Deprivation

Q1 (most deprived)

Q2

Year level

Ethnicity

% white

% mixed

% asian

% black
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The relative reduction in primary school illness absenteeism observed in pilot vaccination areas in 
the spring 2014 term of 0.054% may seem fairly modest. However, the potential impact in England 
was appreciable, equating to 10,651 avoidable illness absence sessions or 5,325 days in the 530 
observed primary schools in pilot areas in spring 2014. The implications of averting illness 
absenteeism in children will enable them to benefit more from their education[21] and will extend 
to societal benefits such as minimising parental/carer time off work and associated costs[10]. These 
results suggest an impact of the programme on illness absenteeism in vaccinating schools, 
complementing evidence of impact on healthcare indicators published from England in the 2013/14 
influenza season[7] and adding to the literature on absenteeism, where a significant impact was 
seen both at the population level[11,12,22] or individual pupil level[23,24].  
 
An increase in uptake of 10% resulted in a decrease in absenteeism of 0.008%, although this only 
approached significance. This pattern is concordant with other studies[25,26,27], although it is 
difficult to compare impact as they were assessed on a weekly or daily time scale (compared to our 
assessment at term level) and relevant impact will tend to be higher when assessing the peak of 
activity which we cannot determine[26]. It will be important to further assess this apparent impact 
in future seasons as the childhood influenza vaccination programme is rolled out across England and 
more schools are vaccinating. As 2013/14 was a fairly low intensity season, the epidemiological 
impact of vaccinating school-age children is likely to be greater in future, more intense influenza 
seasons.  
 
While an overall impact was observed in vaccinating primary schools, there was no evidence of a 
significant impact on illness absenteeism in secondary school children in pilot areas, suggesting no 
detectable indirect community level impact of the programme on this indicator in 2013/14. The 
literature assessing the indirect impact of such a programme on school absenteeism is limited, with 
a range of observations[11,22,25,26,28,29], although overall a positive impact was seen. While there 
were large numbers involved in this analysis, the number of secondary schools was considerably less 
than for primary schools and so a larger clustering effect is to be expected which may affect the 
significance. Additionally, most studies demonstrating indirect effects in different age groups were 
set within schools where both primary and secondary pupils attended. In this study, secondary 
schools were assigned to vaccine pilot or non-pilot areas based on their postcode and children 
attending secondary schools may travel longer distances across pilot area boundaries thus 
potentially diluting possible herd effects. Proximity of school types should be assessed in more detail 
to determine if transmission patterns are potentially interrupted in nearby schools.  
 
This study is the first in Europe to look at the impact of influenza vaccination programmes on school 
absenteeism, with little published on this topic outside of North America.  By utilising a well-
established mandatory dataset, it included a large number of pupils from state funded schools and 
so allowed for sufficient power, despite small vaccine pilot areas, and allowed for adjustment for key 
confounders within a multilevel analysis. The availability of illness absenteeism provided a more 
specific outcome compared to all-cause absenteeism which has been reported in many other 
studies[22,25,30]. 
 
Influenza vaccination reached an encouraging uptake level (53%) and the variation across sites 
allowed us to explore a possible dose-response relationship with school absenteeism. Information 
was not available at the level of the school however on vaccination of at-risk children who are 
separately targeted as part of the routine influenza vaccination programme. An initial examination 
of uptake levels at the end of 2013/14 by vaccine pilot and non-pilot areas for 2-16 year olds in a 
predefined clinical risk group suggested uptake in at risk children was slightly higher in vaccine pilot 
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relative to non-pilot areas[31] which may result in an overestimation of the impact of vaccinating 
healthy children. It will be important to consider this as a confounder in future studies, particularly 
when pilot areas are larger. 
 
A limitation of the study was the availability of data aggregated by term. While the majority of 
activity was seen in the spring 2014 term, there were some outbreaks seen towards the end of the 
autumn 2013 term and so we may not have fully captured the influenza season by analysing spring 
2014 data only and thus under-estimated the programme impact. However, data only available at a 
termly level means any impact at the end of the autumn term would likely have been masked by the 
rest of the term. Typically to assess the impact of influenza, weekly data should be assessed for 
correlations, and absenteeism compared at the peak week of flu for a more sensitive analysis. We 
cannot therefore use this data to monitor flu activity within a season[32]. However as obtaining daily 
or weekly absenteeism data is intensive[9], these ad-hoc studies often suffer from a power issue and 
studying an entire term, as we did using routine data from the Department for Education, and 
comparison between pilot and non-pilot areas allows an estimation of the total impact of the 
vaccination programme for most of the flu season instead of a single week.  
 
In conclusion, observations during the first year of the universal influenza vaccination programme 
suggest a modest but significant reduction in illness absenteeism in primary schools where healthy 
children of primary school age were offered vaccine. However there was no significant effect on 
illness absenteeism in secondary schools, suggesting no detectable indirect impact of the 
programme on illness absenteeism in 2013/14. The assessment of term-level absenteeism has 
provided community insights which should be used in conjunction with healthcare surveillance 
when evaluating the impact of such a programme. 
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Abstract 

 
As part of the introduction and roll-out of a universal childhood live-attenuated influenza vaccination 
programme, 4–11 year-olds were vaccinated in seven pilot areas in England in the 2013/14 influenza 
season. This paper presents the uptake and impact of the programme for a range of disease 
indicators. End-of season uptake was defined as the number of children in the target population who 
received at least one dose of influenza vaccine. Between week 40 2013 and week 15 2014, 
cumulative disease incidence per 100,000 population (general practitioner consultations for 
influenza-like illness and laboratory-confirmed influenza hospitalisations), cumulative influenza 
swab positivity in primary and secondary care and cumulative proportion of emergency department 
respiratory attendances were calculated. Indicators were compared overall and by age group 
between pilot and non-pilot areas. Direct impact was defined as reduction in cumulative incidence 
based on residence in pilot relative to non-pilot areas in 4–11 year-olds. Indirect impact was 
reduction between pilot and non-pilot areas in <4 year-olds and >11 year-olds. Overall vaccine 
uptake of 52.5% (104,792/199,475) was achieved. Although influenza activity was low, a consistent, 
though not statistically significant, decrease in cumulative disease incidence and influenza positivity 
across different indicators was seen in pilot relative to non-pilot areas in both targeted and non-
targeted age groups, except in older age groups, where no difference was observed for secondary 
care indicators. 
 
 

Background 

 
The United Kingdom (UK) has had a long-standing selective influenza vaccination programme that 
aims to directly protect populations at higher risk of severe disease due to influenza. This approach, 
as in many other countries in Europe, has been targeted at all those over 64 years of age and those 
less than 65 years in clinical risk groups, including pregnant women[1]. 
 
Although published work has demonstrated that the UK selective programme is cost-effective[2], it 
is apparent that there still remains a considerable burden of disease due to influenza in the 
population[3,4]. Children are recognised to play a key role in the transmission of influenza virus[5], 
with mathematical modelling predicting that targeting this group with influenza vaccine would not 
only reduce infection in immunised children themselves (direct programme impact) but also reduce 
influenza-related disease in other age groups, including elderly people, and individuals in high-risk 
groups (indirect programme impact)[6,7]. 
 
On the basis of this evidence and recommendations from the Joint Committee of Vaccination and 
Immunisation[8], the UK initiated a universal childhood immunisation programme with a newly 
licensed intranasally administered trivalent live attenuated influenza vaccine (LAIV) in the 2013/14 
influenza season[9]. This programme is being rolled out over several seasons, with the ultimate 
intention of offering a single dose of LAIV to all healthy children aged 2–16 years annually. This is 
based upon published evidence that a second dose of LAIV provides only modest additional 
protection against laboratory-confirmed influenza infection (e.g. 60% versus 77% vaccine 
effectiveness for one and two doses, respectively)[11]. Influenza vaccine naive children aged six 
months to less than nine years in clinical risk groups are offered two doses of vaccine, either LAIV or 
inactivated influenza vaccine for those in whom LAIV is contraindicated[10]. 
 
In this first season, the UK influenza vaccine programme targeted all children aged two and three 
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years, reaching a provisional uptake of 42.6% (308,925/724,747) and 39.6% (285,616/722,048) 
respectively in England[12]. In addition, a series of geographically discrete pilots of LAIV vaccination 
for primary school-aged children (4–11 years) were organised in England. Local NHS England teams 
interested in running pilot immunisation programmes submitted business cases which were 
evaluated and sites selected by the national team. Different models of delivery (in particular, school- 
versus community-based) were evaluated in these pilots. 
 
Despite recommendations for universal childhood influenza immunisation in several countries, only 
limited observational data have been published on the impact of such programmes[13-15]. The 
implementation of the new UK childhood influenza vaccine programme provides an opportunity to 
add to this evidence base. This paper presents early results from the primary school age pilots of the 
direct and indirect impact of such a programme for a range of disease indicators during the 2013/14 
influenza season (over and above vaccination of preschool age children). As seen elsewhere in 
Europe, the 2013/14 season was dominated by the circulation of influenza A(H1N1)pdm09 virus, 
with evidence of community transmission at low intensity from weeks 5 to 15 (27 January to 13 
April) 2014[12]. 
 
 

Methods 

 
Uptake of live attenuated influenza vaccine 
Seven geographically discrete pilot areas were selected in England. The target population was 
defined as children of primary school age (4 to 11 years-old) resident in seven pilot areas: Bury, 
Cumbria, Gateshead, Leicester City and Rutland, Havering and Newham boroughs (in London) and 
South East Essex (Figure 1), covering about 5% of the population of this age in England. End-of season 
programme uptake was calculated based on number of children in the target population who 
received at least one dose of influenza vaccine during the campaign period (September 2013 to 
January 2014). Uptake data were reported weekly by each NHS England pilot area team during the 
season to PHE using a bespoke web-based portal. 
 
Disease indicators 
LAIV programme impact was measured for a range of clinical and virological respiratory end points 
in primary and secondary care from week 40 2013 to week 15 (30 September 2013 to 13 April 2014), 
the end of notable community transmission of influenza[12]. To ensure appropriate surveillance 
coverage for each sentinel surveillance scheme (in primary care, hospital emergency departments 
and general hospital admissions), additional participating sites were recruited in each pilot area 
where required. 
 
Surveillance in primary care was undertaken through monitoring the weekly influenza-like illness 
(ILI) consultation rates through the Royal College of General Practitioners (RCGP) Research and 
Surveillance Centre (RSC) sentinel general practitioner (GP) network, with nine practices 
participating in pilot areas and 78 in non-pilot areas. Sentinel practices, in conjunction with practices 
from the Sentinel Microbiology Network (SMN) scheme, undertook respiratory swabbing and testing 
with influenza virus polymerase chain reaction (PCR) assays for a proportion of patients presenting 
with ILI, including all patients under 17 years of age. Influenza swab positivity rates and GP 
consultation rates in pilot and non-pilot areas were compared by age group. 
 
The Emergency Department Sentinel Surveillance System (EDSSS) monitors routine syndromic 
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surveillance data, in real-time, using anonymised emergency department attendances, across a 
sentinel network of emergency departments[16]. Attendances monitored included those for acute 
respiratory illness (two emergency departments in pilot and 30 in non-pilot areas). The proportion 
of all EDSSS admissions coded as ‘respiratory’ in pilot and non-pilot areas was compared by age 
group. 
 
The UK Severe Influenza Sentinel Surveillance System (USISS)[17] consists of a network of 35 
National Health Service (NHS) hospital trusts (nine in pilot areas and 26 in non-pilot areas) that 
report the number of laboratory-confirmed hospital and intensive-care unit (ICU) weekly admissions 
due to influenza. As routine USISS data were not in the LAIV target age groupings, influenza 
hospitalisation rates by age group for primary school-age children and non-targeted age groups were 
calculated for pilot and non-pilot areas using estimated hospital catchment populations[18]. As the 
age groups of hospital catchment populations did not match our targeted and non-targeted age 
groups, population estimates were adjusted in line with Office for National Statistics age-specific 
population proportions from mid-2012 population estimates[19]. 
 
The Respiratory DataMart scheme (RDMS)[20] reports all influenza virus PCR respiratory swab 
results from a network of PHE and NHS laboratories, with the majority of samples (>68%)[20] taken 
from patients in secondary care. Postcode of patients’ residence was used to allocate patients to 
pilot and non-pilot areas. Influenza swab positivity rates in pilot and non-pilot areas were compared 
by age group. 
 
Weekly excess mortality due to all causes and to respiratory illness was estimated in pilot and non-
pilot areas based upon place of residence. The EuroMOMO (European monitoring of excess 
mortality for public health action) standard algorithm was used to calculate number of deaths 
expected for a given week in the year[21]. The number of observed deaths (corrected for reporting 
delay) was compared with the modelled number expected each week to determine if statistically 
significant excess mortality was seen in pilot and non-pilot areas. 
 
Measuring impact of the live attenuated influenza vaccine programme 
Cumulative disease incidence rates per 100,000 population were calculated by summing the number 
of disease episodes each week from week 40 2013 to week 15 2014 relative to the population at 
risk. Cumulative influenza swab positivity was calculated by summing the number of positive 
samples and the number of samples tested each week from week 40 2013 to week 15 2014, with a 
similar calculation done for EDSSS respiratory attendances. 
 
As a sample of primary and secondary care centres were recruited, sampling based statistical 
methods were used. Cumulative indicators were statistically compared overall and by age group 
between pilot and non-pilot areas for different indicators. Direct impact was defined as reduction in 
cumulative disease incidence based on residence in pilot and non-pilot areas in the target age group 
(4–11 year-olds). Indirect impact was defined as reduction in cumulative disease incidence over the 
same period between pilot and non-pilot areas in non-target age-groups (<4 years of age and >11 
years of age). Cumulative incidence rates were compared between pilot and non-pilot areas by 
calculating risk ratios with 95% confidence intervals. Negative binomial regression was used to 
account for extra-Poisson variability between GPs or NHS hospital trusts within pilot and non-pilot 
areas. The cumulative proportion of samples positive for influenza virus and EDSSS admissions coded 
as respiratory were compared between the areas using logistic regression (giving odds ratios) with 
adjustment for overdispersion. 
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Results 

 
Vaccine uptake 
The total target population for the pilot study was estimated to be 199,475 children aged 4–11 years 
of age. Six of the seven pilot areas chose to deliver the programme through a school-based 
approach, while Cumbria delivered through community pharmacies and primary care. A total of 
104,792 primary school-age children received at least one dose of LAIV or inactivated vaccine during 
the study period, an uptake of 52.5%. This ranged from 35.8% (Cumbria) to 71.5% (South East Essex) 
at pilot level (Figure 1), with final uptake in all pilot areas reached when there was evidence of 
community influenza transmission from week 5 2014 onwards (Figure 2). Uptake by school year 
decreased from 56.1% (16,727/29,826) in reception class children (aged 4–5 years) to 49.7% 
(12,859/ 25,864) in children in year 6 (aged 10–11 years), with a steady decline in uptake with 
increasing age (chi squared test for trend p<0.0001). 
 

Programme impact 
The cumulative all-age ILI GP consultation rate was higher in non-pilot (64.5/100,000 population) 
than in pilot areas (17.7/100,000), with a similar pattern for all three age groups (Figure 3). The 
overall risk difference of pilot relative to non-pilot cumulative incidence was −46.8/100,000. Using 
data from RCGP, the risk ratio was 0.34 (an estimated impact of vaccination of 66%), though this was 
not statistically significant (Table). 
 

The overall cumulative influenza swab positivity rate in primary care in pilot areas was 8.5% (15/176) 
compared with 16.2% (265/1,634) in non-pilot areas, with a consistent pattern for all three age 
groups (Figure 3). Derived from RCGP/SMN influenza virus positivity data, the odds ratios for pilot 
relative to non-pilot areas for children aged ≥12 years and all ages, with values of 0.54 and 0.53 
respectively, were not statistically significant (Table). 
 

Through EDSSS, the overall cumulative proportion of emergency department attendances coded as 
respiratory was 5.5% (2,804/51,413) in pilot compared to 8.7% (83,224/954,225) in non-pilot areas 
(Table), with a consistently lower cumulative proportion in children <4 years and aged 4 to <12 years, 
but no apparent difference in people older than 12 years. The overall odds ratio was 0.60 (estimated 
impact of 40%), which was not statistically significant, as was the case for age specific estimates. 
 

The cumulative all-age incidence of laboratory-confirmed influenza hospitalisations reported 
through the USISS sentinel scheme was 5.5 per 100,000 population in pilot compared with 7.0 per 
100,000 in non-pilot areas (Table). The cumulative incidence of hospitalisations in <4 year old and 
4–11 year old was higher in non-pilot compared with pilot areas; however, it was very similar for 
people aged 12 years or more (Figure 3). The overall risk difference of pilot vs non-pilot areas was  
−1.5/100,000 and risk ratio was 0.76 (an estimated impact of 24%), which was not statistically 
significant. 
 

Through RDMS, overall cumulative influenza swab positivity was similar in pilot and non-pilot areas 
(Table). Similar age-specific cumulative positivity was seen for each age group (Figure 3), although 
time to cumulative peak positivity was shorter in non-pilot compared with pilot areas for 4–11 year-
olds. The overall odds ratio (0.99) showed that there was little difference in pilot relative to non-
pilot areas. 
 

No significant excess all-cause or all-respiratory mortality was observed in pilot or non-pilot areas in 
children aged <4 years, 4–11 years or people aged ≥12 years. 
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Figure 1. Cumulative uptake of live attenuated influenza vaccine in primary school-age childrena in 
pilot areas, England, 2013/14 influenza season 

 
The pilot areas are shown on the map. The shaded area of each pie chart indicates the percentage of target 
children vaccinated. 
aAged 4–11 years. 
Contains Ordnance Survey data © Crown copyright and database right 2014. 
Contains National Statistics data © Crown copyright and database right 2014. 
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Figure 2. Estimated weekly proportion of uptake of live attenuated influenza vaccine in primary 
school-age childrena by pilot area and weekly proportion of samples positive for influenza virusb, 
England, 2013/14 influenza season 

 
aAged 4–11 years 
bThrough the Respiratory DataMart scheme (RDMS) 
cWeek 36 2013 to week 15 2014 (2 September 2013 to 13 April 2014) 

 
 

Discussion 

 
This pilot universal paediatric influenza vaccination programme achieved an overall uptake of 53% 
(ranging from 36 to 72% in individual pilot areas) in primary school-age children in the first year of 
implementation in England. Although the results were not statistically significant, the cumulative 
disease incidence was lower in pilot relative to non-pilot areas in both targeted and non-targeted 
age groups for a range of influenza indicators – both laboratory-confirmed and syndromic. These 
observed differences were smaller for more severe disease end-points. 
 
The LAIV programme delivered in primary school settings (in six of the seven pilot areas) achieved a 
relatively good uptake in the target population, although there was variation in coverage by pilot 
area. The lowest uptake was observed in the one pilot area where delivery was through a community 
pharmacy/primary care setting. There was also significant variation in uptake by year group, with 
coverage levels highest among the youngest, with a steady decline with increasing age. These levels 
compare favourably with those achieved in the United States, where LAIV has been recommended 
for all children for several years. Implementation has been varied in the United States[14], with 
uptake of 41% reported in children 5–12 years of age from one study in 2011/12[22]. The modelling 
work of Baguelin et al. suggests that reaching levels of 30% vaccine coverage in children would 
already start to produce substantial benefits[6]. Thus, the overall high uptake achieved in our target 
population in the first year, particularly with a school-based delivery model, augers well for the 
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future. Further evaluation into factors that might explain local variation in uptake is under way and 
will inform future programme implementation. 
 
Figure 3. Cumulative disease indicators in pilot vs non-pilot areas by age group across surveillance 
schemes, England, 2013/14 influenza seasona 

 
EDSSS: Emergency Department Sentinel Surveillance System; GP: general practitioner: ILI: influenza-like 
illness; RCGP: Royal College of General Practitioners; SMN: Sentinel Microbiology Network; USISS: UK Severe 
Influenza Sentinel Surveillance System; UK: United Kingdom. 
aWeek 40 2013 to week 15 2014 (30 September 2013 to 13 April 2014). 
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Table. Cumulative primary care consultations, hospitalisations, influenza positivity and emergency 
department attendances in children (<4, 4–11 years) and ≥12 year-olds in pilot and non-pilot areas, 
England, 2013/14 influenza seasona 

 
CI: confidence interval; EDSSS: Emergency Department Sentinel Surveillance System; GP: general practitioner: 
ILI: influenza-like illness; n/N: number positive/number tested; RCGP: Royal College of General Practitioners; 
SMN: Sentinel Microbiology Network; USISS: UK Severe Influenza Sentinel Surveillance System; UK: United 
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Kingdom. 
aWeek 40 2013 to week 15 2014 (30 September 2013 to 13 April 2014). 
bWhen the numerator was zero in the pilot area, ratio confidence intervals were calculated using Fisher’s exact 
test. 
cRisk ratio calculated with negative binomial regression. 
dOdds ratio calculated with logistic regression, correcting for overdispersion. 

 
These early results suggest a direct programme impact, with reductions in incidence seen for a wide 
range of influenza indicators including primary care consultations, swab positivity, hospitalisation of 
laboratory-confirmed cases and percentage of respiratory-coded emergency department 
attendances in pilot vs non-pilot areas for 4–11 year-olds. A direct impact among the immunised 
group of at least 25–30% would be expected, based on the observed uptake of 53% with a 
moderately effective vaccine (with a vaccine effectiveness of 50–60%). No evidence of a reduction, 
however, in swab positivity from RDMS data, which relate mainly to samples taken in secondary care 
settings, was seen in pilot compared with non-pilot areas for the same age group. Direct impact of 
such school-based programmes has previously been demonstrated in North America for end points 
such as emergency department consultations and school absenteeism[13,14], but, as in this study 
not for other more severe disease end points[15]. 
 
There was also a suggestion of an indirect impact of the programme, which was an important 
contributor to the estimated cost-effectiveness of the new universal childhood influenza vaccine 
programme in the earlier modelling work[6]. Reductions, albeit non-significant, in GP ILI consultation 
rate and proportion of respiratory swabs positive for influenza in primary care for non-targeted age 
groups, particularly in children under 4 years and also to some extent in people older than 11 years 
were seen. Such indirect effects have been seen previously for less severe end points in the United 
States[15]. Little evidence of indirect impact, however, was seen in our study for influenza 
hospitalisations, swab influenza positivity rate (from RDMS), emergency department admissions 
coded as respiratory and excess mortality in older people. Some potential explanations for this are 
outlined below. Further work is required to understand these differences between schemes and 
disease severity. 
 
There are several potential limitations to this study. Firstly, the 2013/14 influenza season in the UK 
was characterised by influenza A(H1N1)pdm09 virus circulation, the novel pandemic strain that first 
emerged in 2009: across surveillance schemes, only moderate influenza activity was seen 
predominately in the hospital-based surveillance systems and mainly in younger adults. There was 
little signal of influenza activity either in primary care or from syndromic surveillance, nor was there 
evidence of excess mortality in elderly people. Along with the small geographical coverage of the 
pilot areas, this will have limited the ability of the school-age pilot programme to detect evidence of 
direct and indirect impact. Secondly, older people, who are typically susceptible to severe disease 
following influenza virus infection, are recognised to have background immunity to influenza 
A(H1N1)pdm09[23], hence the lack of impact in relation to excess mortality among elderly people 
and why so few lives are likely to have been saved by the LAIV programme in the 2013/14 influenza 
season. Thirdly, the potential indirect effects of the programme (through reduction in transmission) 
would be diluted through opportunities for populations (e.g. adult unvaccinated groups) to move 
back and forth into pilot areas, thus reducing the potential herd effects of vaccinated paediatric 
groups. This may also explain why the time to peak positivity was shorter for non-pilot compared 
with pilot areas for some indicators. Fourthly, we were very aware of the possibility of cluster effects, 
with the data being at the GP or hospital trust level. For this reason, we carefully examined each 
outcome indicator for evidence of overdispersion and as a consequence employed the more 
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conservative negative binomial regression (rather than Poisson regression). Fifthly, a sample of GP 
practices and hospitals were newly recruited to surveillance schemes in pilot areas raisng the 
possibility of differential reporting. 
 
These early, first season findings, which are consistent across a range of surveillance indicators, 
highlight the apparent value of vaccinating primary school children. The encouraging uptake levels 
achieved in most pilot areas demonstrate the feasibility of delivering such a programme in this 
population. While the estimates of programme impact were not statistically significant, it is 
encouraging that both direct and indirect impact (higher estimates in non-pilot relative to pilot 
areas) was seen across a range of surveillance schemes in primary care. The results were more 
nuanced for severe end points, where an impact was observed in children aged under 11 years (both 
targeted and non-targeted), but not in older age groups, which is an important contributor to the 
cost-effectiveness of the programme. These findings highlight the importance of further evaluation 
of data from the 2013/14 season. In 2014/15, pilot areas will continue to administer LAIV in primary 
school, with additional pilots in secondary school-age children (age 11–13 years)[24]. It will be 
important to continue the surveillance started in 2013/14, to determine if the observations 
presented here are repeatable and further quantify them to inform optimal roll-out. 
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Chapter 5.1. Introduction 
 
It was recommended in the UK in 2012 to extend the current selective influenza vaccination 
programme to include all 2-16 year olds through a phased introduction over a number of seasons 
commencing in 2013/14[1,2]. This was primarily on the basis of the availability of the newly licenced 
live attenuated influenza vaccine for use in children[3] and modelled evidence highlighting the 
reduction in burden across age groups resulting from indirect effects and the resultant cost-
effectiveness[4]. To inform the rollout and determine the epidemiological impact of the programme, 
a considerable amount of preparation required. There are three key areas to help inform this which 
have been addressed in this thesis: factors to consider prior to assessing impact of the programme, 
what impact might be expected based on previous evidence and observations on uptake and impact 
seen in the first year of the rollout.   
 
 

Chapter 5.2. What factors should be considered when assessing the 
overall and indirect impact of the programme   
 
5.2.1. Establishing the burden of influenza prior to programme introduction 
 
What was known 
The epidemiology of influenza in England in recent post-pandemic seasons has been described 
through various routine surveillance systems[5,6,7]. However due to the inherent difficulties in 
estimating influenza-attributable mortality and the delays in data availability, the burden of influenza 
on mortality in recent seasons remained to be fully described. Influenza-attributable mortality has 
to be statistically estimated due to known under-reporting as a cause of death[8]. In particular, it 
was not known how much impact varied by age group, subtype of influenza and the underlying cause 
of death in recent post-pandemic seasons. 
 
What this thesis adds 
Chapter 2.1 outlines the preparatory work to establish a routine mortality monitoring system ahead 
of the introduction of the childhood vaccination programme to statistically estimate influenza-
attributable mortality. As circulation typically coincides with other factors that can result in 
significant mortality, such as cold snaps and other respiratory viruses, it is required to disentangle 
these effects to accurately determine burden. Assessment confirmed the impact differed during the 
very different influenza seasons in the post-pandemic era, with an age shift from the elderly to young 
adults in burden due to the 2009 A(H1N1) pandemic strain consistent with that seen in morbidity 
indicators. As seen in studies from other countries, the mortality burden was considerably higher 
when A(H3N2) circulated relative to A(H1N1), with impact predominantly seen in the elderly[9,10]. 
Conversely, no significant influenza B attributable mortality was detected by season, cause or age 
group, an observation which has been reported elsewhere[9,11].  
 
It should therefore be noted that the mortality age profile can vary based on the influenza virus 
circulating each season, which in turn can be unpredictable. The considerable variation by age group 
and season in recent years highlights the importance of regular seasonal analysis and considering 
age-specific estimates when interpreting the impact of interventions such as influenza vaccination. 
Population studies assessing the mortality impact of a vaccination programme should consider 
comparing to specific seasons when a similar virus was circulating. Once the vaccination programme 
becomes national, patterns in influenza-attributable mortality pre and post programme 
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implementation[11,12,13,14,15] could be assessed, after adjusting for various factors such as 
secular trends in mortality and changes in age structure.   
 
Another point to consider when determining influenza-attributable mortality is the cause of death. 
Due to the underreporting of influenza as a cause of death and the timeliness of cause of death 
codes, all-cause mortality is typically assessed but it has been queried if it is sensitive enough to be 
able to accurately determine the burden. While the majority of influenza deaths were detected in 
respiratory and cardiovascular causes as seen elsewhere[9,11], restricting analysis to just these 
causes would miss a considerable proportion of influenza attributable deaths, with nearly a quarter 
attributed to other causes. Therefore future assessment should consider using all-cause data to 
capture the total burden and provide an upper estimate of impact. 
 
The model had a good fit in older age groups and produced sensible estimates. However little 
influenza-attributable mortality was detected in under 15 year olds. While this may be a 
consequence of influenza B predominating in this age group, low weekly number of deaths meant 
the time series was noisy and spikes in mortality were not fully captured by the model. This suggests 
regression modelling is not sensitive enough to determine influenza-attributable mortality in 
children[16] and so assessing overall impact in children may be more effective through other 
approaches such as individual-level active surveillance[8]. 
  
5.2.2. Standardising interpretation of influenza activity across seasons and schemes 
 
What was known 
Influenza surveillance systems are in operation in each country in the United Kingdom, each with 
respective systems assessing similar indicators, such as influenza positivity and influenza-like illness 
consultation rates. Despite extensive work to harmonise systems during and after the 2009 
pandemic[17,18], these schemes are distinct and there are differences preventing a direct 
comparison of rates, making it difficult to interpret if there are differences in activity between the 
countries of the UK, and indeed elsewhere in Europe.  
Reporting of activity through surveillance schemes can make interpretation of the impact in each 
season difficult, with guidance needed on what the absolute values mean to interpret seasonal 
fluctuations. Thresholds have previously been applied to denote intensity[19,20], but these are 
static, do not take overall longer term changes in activity over time into account and are not 
comparable across schemes. 
 
What this thesis adds 
Chapter 2.2 presents a standardised method[21] for interpreting activity which was piloted across 
the UK on distinct influenza-like illness consultation rate schemes during the previous few seasons. 
Despite work done to address differences in activity through the GP schemes in the devolved 
administrations, baseline rates between schemes still appear to differ and so assessing each scheme 
through a standardised comparison is crucial to assist interpretation[22]. This approach successfully 
provided a comparable measure of the start of the influenza season and the intensity of activity 
reached. As the rollout of the childhood influenza vaccination campaign is different in each country 
in the UK and the Republic of Ireland, this method will form an important basis of an inter-country 
comparison to help determine if any apparent differences in rates are significant. Furthermore 
within schemes, this will help minimise over-interpretation of fluctuations in activity and will be 
important to consider in before/after studies determining the impact of the childhood influenza 
vaccination programme.       
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5.2.3. Subnational variation in influenza activity 
 
What was known 
During the 2009 pandemic, there was considerable subnational variation in influenza activity 
reported in several countries[23,24,25,26,27]. However little work has been published on 
geographical variation in seasonal influenza activity[28,29]. If present in England, this may have 
important implications for studies assessing the impact in areas where vaccination occurred relative 
to where they did not occur. 
 
What this thesis adds 
Chapter 2.3 presents a study assessing a range of influenza disease indicators during 2012/13 and 
applying the standardisation method outlined in Chapter 2.2, highlighting regional variation in 
circulation of influenza subtypes. As noted in Chapter 2.1, the impact of different subtypes can vary 
considerably and this was reflected through regional differences in severe influenza disease burden. 
Therefore for retrospective evaluation of the impact of interventions in dispersed geographic pilots, 
this variation will be crucial to consider and measure between pilot and non-pilot areas to ensure 
this does not bias impact estimates. 
 
 

Chapter 5.3. What is the hypothesised overall and indirect impact of the 
vaccination programme  
 
5.3.1. Previous studies assessing indirect and overall impact 
 
What was known  
When recommending the introduction of the childhood vaccination programme in England, the 
expected impact was estimated based on modelled predictions. There have been numerous studies 
demonstrating the efficacy of vaccines but, as identified in a systematic review in 2006[30], the 
evidence for indirect effects, driving the predicted cost effectiveness of the programme, was less 
substantial. This is despite several countries having adopted a childhood influenza vaccination 
programme for several years[31,32]. The review highlighted that while there was the potential for 
reducing impact, study design made it difficult to quantify such benefits. There was a need to update 
knowledge and expand the search to recent years. 
 
What this thesis adds 
Chapter 3.1 is a systematic review which provides an overview of indirect and overall impact of 
universal childhood influenza vaccination programmes and the type of studies that can be done to 
assess such an impact which will be important when considering how to evaluate the impact in 
England after a few years of operation. Including observational studies also allows results from 
population studies in real-world settings to be considered. 
 
The systematic review retrieved only 29 primary studies addressing the indirect and overall impact 
of universal childhood influenza vaccination programmes. There was a suggestion of a reduction in 
risk in vaccinated relative to unvaccinated populations when assessing the outcome of self-reported 
illness and doctor visits. However there was little evidence of a significant impact when assessing 
hospitalisations and emergency department admissions. The impact on school absenteeism was 
mixed, with a modest reduction in risk seen. Little evidence was available for the impact on excess 
mortality as most of the studies were descriptive assessment of time series. Therefore despite direct 
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effectiveness of influenza vaccines in individuals being extensively assessed[33], this review 
highlights a limited number of studies assessing indirect and overall epidemiological impact of such 
vaccination programmes. As the evidence available was of limited quality across outcomes, it is 
uncertain if the generally low impact estimates are artificial or are valid either because of limited 
programme effectiveness or because the end points are not sensitive enough to detect a difference. 
Key issues not addressed were background vaccination in the populations, historical levels of activity 
in comparison populations and the season-specific context, such as match between the vaccine and 
circulating strains which would impact on the observed effectiveness.  
 
5.3.2. Observations from schools routinely vaccinating against influenza 
 
What was known  
Following on from evidence of impact from other countries, as such a programme had not been 
introduced in England before it was uncertain what the impact in practice may likely be in this 
country. During the first year of the programme in 2013/14, within the recommended range of 2-16 
year olds only pre-school and primary school children were targeted. It was therefore uncertain what 
the impact of such a programme would be on vaccinating secondary school pupils. However some 
information could already be obtained from a network of private boarding schools in England. 
Several of these schools had established universal influenza vaccine programmes for their pupils 
prior to the nationwide rollout of the live vaccine and so the overall impact on respiratory illness 
could be assessed. 
 
What this thesis adds 
As chapter 3.2 illustrates, an average uptake of 49% was achieved in all boarding pupils, with 
evidence of a significant overall impact seen when vaccinating healthy secondary school boarders 
against influenza on influenza-like illness, upper respiratory tract infections and chest infections in 
all pupils. This impact was also seen in vaccinated and unvaccinated pupils within vaccinating schools 
compared to non-vaccinating schools, supplementing existing studies[34,35] supporting vaccination 
of secondary school pupils.  
 
 

Chapter 5.4. What were initial observations from the first year of the 
programme 
 
The phased extension of the programme was successfully initiated in 2013/14, targeting all 2-3 year 
olds and 4-11 year olds in seven geographically distinct areas with live attenuated influenza vaccine. 
Information on uptake and impact of the primary school age programme in the community and on 
disease indicators was monitored. 
 
5.4.1. Vaccine uptake 
Uptake of the vaccine in these groups was monitored throughout the season to ascertain progress. 
Nationwide in two and three year olds at the end of the campaign, an uptake of 43% and 40% 
respectively was achieved[36]. In the pilot areas, uptake in 4-11 year olds reached 53%, with the 
delivery of over 100,000 doses in either school or community pharmacy settings. The overall level 
of uptake reached compared favourably with levels in the United States where LAIV has been 
recommended for all children for several years[37]. As modelling work suggests levels of uptake of 
30% would start to result in an overall impact on influenza in vaccinated populations[4], this is an 
encouraging start, demonstrating the feasibility of delivering such a programme in this population. 
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As evident in Chapter 4.1, uptake levels varied considerably across the country for the 2-3 year old 
programme and in pilot areas for the primary school age programme. One of the key aims of the 
vaccine programme is to ensure there is universal offer and uptake of vaccination. Concerns were 
raised during the season by religious groups regarding the composition of the live attenuated 
influenza vaccine content, with local reports of the vaccine not being accepted[38]. As equitable 
delivery is a key aim of such a programme, an analysis was done to assess population-level predictors 
for variation in uptake, with the results presented in Chapter 4.1. Religious beliefs were an important 
factor; however the main population factors significantly associated with uptake in both pre-school 
and primary school children were deprivation and ethnicity, with lower uptake seen in increasingly 
deprived areas with a higher proportion of black and minority ethnic groups. With the rollout of the 
programme in subsequent years and the requirement for annual revaccination, these population-
level factors should be addressed to achieve sustained successful uptake along with assessment of 
the contribution of individual, household and vaccine provider-level attributes to fully provide 
equitable delivery. 
 
5.4.2. Indirect and overall impact 
During the 2013/14 influenza season, influenza circulation was dominated by A(H1N1)pdm09. Only 
moderate levels of activity were seen, with impact predominantly reported through hospital-based 
surveillance schemes in young adults. Community transmission did not occur until the end of 
January, by which time vaccine uptake had reached its maximum cumulative uptake across ages[36].      
 
Despite influenza activity reaching low levels, an overall impact in targeted age groups was seen 
through community and disease indicators, although the evidence for an indirect effect was less 
conclusive. 
 
Community impact – school absenteeism 
In the community, school absenteeism has been shown to be influenced by seasonal influenza 
activity, with childhood vaccination programmes shown to coincide with a significant reduction in 
absenteeism. Chapter 4.2 shows during the 2013/14 influenza season where primary schools in 
distinct geographic areas were vaccinating, illness absenteeism data at the level of year groups 
within schools from a mandatory school absenteeism reporting system across England were 
assessed in primary and secondary schools. Despite a fairly narrow range of overall absenteeism 
levels seen, there was a significant reduction in school absenteeism coded as illness in primary 
schools where the vaccine was delivered compared to primary schools where the programme was 
not, suggesting an overall impact of the programme. This is consistent with studies where a 
significant impact was seen both at the school[39,40,41] and individual pupil level[42,43]. The level 
of absenteeism also decreased with increasing uptake at the school level, although the dose-
response relationship was not significant. Conversely, no significant indirect impact on illness 
absenteeism was seen in secondary schools when comparing those in the vaccinating pilot areas 
compared to the non-pilot areas, suggesting no indirect impact of the programme on this non-
targeted age group by vaccinating primary school age children. 
 
Disease indicator impact 
Existing influenza surveillance outputs were modified to age groupings appropriate to monitor both 
the overall and indirect impact of the programme. In Chapter 4.3 across indicators, a consistent, 
though not statistically significant, reduction in cumulative disease incidence and influenza positivity 
was seen in pilot relative to non-pilot areas. The observed differences appeared smaller for more 
severe disease end points (Figure 1) as noted in another study[44] and were generally seen in both 
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targeted and non-targeted age groups. However in older age groups no difference was observed in 
secondary care indicators, suggesting a lack of indirect effect on severe outcomes which is consistent 
with findings from the systematic review in Chapter 3.1. 
 
Figure 1. Ratios* and 95% CI for cumulative influenza indicator activity (scheme) in LAIV pilot 
relative to non-pilot areas, 2013/14 

 
*Risk ratios calculated for rates with negative binomial regression 
Odds ratios calculated for proportions with logistic regression, correcting for overdispersion 
Adapted from findings in Chapter 4.3. 

 
 

Chapter 5.5. Implications and future work 
 
5.5.1. Factors to consider when assessing the impact of the programme 
Considerable headway has been made in preparing surveillance systems to monitor the overall and 
indirect impact of the programme and determine burden prior to programme introduction, some 
aspects of which have been outlined in Chapter Two. Estimates of influenza-attributable mortality 
have been produced and work will continue to refine these estimates and expand on the preparation 
work done. Once detailed virological data is available for a number of seasons, influenza subtype-
specific estimates can be produced. Furthermore, additional measures of burden can be 
determined, such as years of life lost to assess the contribution of premature death and disability 
adjusted life years[45,46]. 
 
Although regional variation was only assessed in one season, it was observed to occur and therefore 
merits monitoring, particularly in light of the programme being introduced through geographically 
distinct vaccine pilots. Influenza surveillance systems were shown to be available at a detailed 
enough subnational level to accurately determine burden and this could be extended to the 
influenza-attributable mortality work, allowing quantification of burden subnationally after 
adjusting for risk differences. Subnational reporting could additionally be used to assess if the spatial 
pattern of transmission is affected by the vaccination programme.  
 
The influenza surveillance systems currently in use are either long standing or were introduced post 
2009 pandemic. Therefore in several years’ time when the amount of historical data has 
accumulated for the relatively new systems, this will allow for expansion on preparation work 
assessing standardisation across seasons, including the newly established severe disease 
surveillance systems. Assessing intensity of activity through the MEM approach will be extended 
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from GP ILI consultations to other data sources, utilising the range of indicators available and 
including age-specific indicators where feasible in groupings appropriate for assessing impact of the 
programme. 
 
5.5.2. Hypothesised indirect and overall impact of the programme and how to measure it 
The systematic review provided an overview of the type of studies previously done to assess the 
indirect and overall impact of a universal childhood vaccination programme. What was notable was 
a lack of influenza-confirmed outcomes assessed, with the recognised clinical proxies such as 
influenza-like illness or medically attended acute respiratory illness assessed. The use of varying 
outcome definitions was one of the factors which made it difficult to combine the outputs and 
quantify the impact of such a programme. Another factor which varied was the definition of the 
influenza season, with some studies denoting based on detection of a certain number of samples 
and some based on national surveillance reports. The work done to develop standardised thresholds 
to denote the start of significant influenza activity[21] could be applied to these studies 
retrospectively and in future studies to make the reporting period more comparable. Where a 
significant reduction was seen, the magnitude of impact was low across a range of endpoints. 
However the number of studies was limited and the majority of low quality, highlighting the 
evidence gap in this area. Future well-conducted studies controlling for underlying confounders in 
different populations will be crucial to place the findings of this chapter in context and help validate 
modelled cost-effectiveness of such programmes. 
 
The study assessing impact of vaccination on respiratory illness in secondary school children 
attending boarding schools complements observations from the first year of the rollout where 
vaccination was only extended to primary school children. The impact was generally larger than 
reported in both the systematic review and impact on disease indicators reported in Chapters 3.1 
and 4.3 respectively, with some indirect effects also demonstrated. Further work is needed to 
determine the reasons behind this. Unlike the majority of school studies in the systematic review, 
the study was undertaken in boarding schools, i.e. in closed settings which may result in a larger 
impact. There is also the possibility of the difference due to the age group, with boarding school 
children in the study mainly of secondary school age. Finally, schools vaccinating healthy boarders 
were more likely to vaccinate day pupils and staff, which may also contribute to indirect effects.   
 
5.5.3. Observations informing future work throughout the extension 
Uptake of the influenza vaccine in preschool and primary school children reached encouraging levels 
in the first year of the programme. There were however variations in uptake across the country. The 
main factors significantly associated with uptake in both pre-school and primary school children 
were deprivation and ethnicity, with lower uptake seen in increasingly deprived areas with a higher 
proportion of black and minority ethnic groups. If low uptake in a particular area coincides with 
influenza transmission, particularly if there is subnational variation, this could have implications for 
the impact of the programme. It will be important to continue to monitor closely to see if levels are 
sustained. Area-level predictors of uptake will continue to be assessed to monitor progress made 
and if there are notable differences related to the programme, for example such as delivery model. 
GP-level ethnicity data will be available from 2014/15 which will help to validate ecological 
relationships. Following on from reports of vaccine hesitancy amongst religious groups in 
2013/14[38], there have been concerted efforts to address the issue prior to the start of the next 
season. While anecdotally it is reported to have been less of an issue in 2014/15, continued analysis 
will assess if it is still a notable issue.  
 
There were indications of impact of the universal vaccine programme on disease indicators when 
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comparing pilot to non-pilot areas, though the evidence of overall impact in targeted age-groups 
and indirect impact in younger non-vaccinated age groups was more compelling than indirect effects 
in older age-groups. Assessment of illness absenteeism from schools during the first year of the 
programme rollout in 2013/14 provided community insights which should be used in conjunction 
with healthcare surveillance when evaluating the impact of such a programme. While a significant 
reduction was seen in primary schools vaccinating relative to those who were not vaccinating, there 
was no significant indirect impact in secondary schools in pilot areas relative to non-pilot areas. 
 
Several factors may explain why the indirect protection observations were mixed. Low levels of 
influenza activity were seen in 2013/14, with the burden primarily reported in young adults[36]. 
Furthermore, there was a comparatively small proportion of the population residing in pilot areas in 
England, only 5%, resulting in relatively low power. To determine if either of these factors have 
affected impact observations, it will be crucial to repeat these studies as the programme is rolled 
out to a wider proportion of the country to see if these findings are replicated. There were also 
reports of limited effectiveness of the live vaccine in children against the dominant circulating 
influenza virus, A(H1N1)pdm09, in 2013/14 in the United States[48]. While further work is currently 
being undertaken to understand the reasons behind this, including working with the vaccine 
manufacturers, it will be important to carry out such assessments in England as the vaccine 
programme is being rolled out. 
  
There are suggestions from these initial findings and the systematic review that impact varies 
according the severity of the outcome, with a smaller impact seen the more severe the endpoint, 
and the less specific the outcome. It is therefore important to continue to monitor across the range 
of influenza surveillance schemes, particularly those associated with virological sampling where 
influenza infection can be confirmed, to accurately determine impact at different severity levels and 
see if this is a real effect or due to the ability to detect it. The results on indirect effects, particularly 
in older age groups, will have important consequences for any subsequent cost-effectiveness 
analysis. 
 
Surveillance studies assessing aggregated population-level data only form a proportion of the 
assessment of the impact of such a programme. All these studies highlight the importance of 
individual-level data and qualitative work to validate findings and address issues to assist with 
delivery of the programme such as vaccine hesitancy. It has been suggested population-level studies 
may not be sensitive enough to detect impact of vaccination programmes. This is particularly 
relevant when comparing vaccinating to non-vaccinating areas; migration of individuals between the 
areas could dilute the actual impact and is consistent with larger impacts reported in closed settings 
as seen in Chapter 3.2. To assess indirect protection in more detail, enhanced individual-level studies 
could be carried out in a subset of the population to see if an indirect impact is seen in vaccinated 
compared to unvaccinated children and if the findings are consistent with population studies.  
 
Absenteeism in vaccinating primary schools generally decreased as the level of vaccine uptake 
increased, although this relationship was borderline significant. Due to the low proportion of schools 
offering influenza vaccine in 2013/14, there may have been a power issue to assess this. In the 
boarding school cohort, schools with higher vaccine uptake had lower URTI rates, though again the 
study was underpowered to assess this. As the programme is extended, it will be useful to assess if 
there is any variation in impact correlated with levels of uptake. 
 
In 2014/15, the programme has been extended to vaccinate all 2-4 year olds and introduce further 
geographical school pilots. Some of these pilots targeted primary school children, some targeted 
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secondary school children and some targeted both primary and secondary school children through 
a range of delivery methods[49]. This additionally provides the opportunity to assess the levels of 
uptake reached across a wider age range and how it varies by delivery method. Impact on disease 
indicators can then be stratified according to the age group vaccinated to help assist with further 
rollout of the programme and cost-effectiveness analyses. As most of the pilot sites from 2013/14 
are continuing to deliver vaccine in 2014/15, this also potentially provides the opportunity to 
determine the level of protection from multiple vaccinations, assessing the impact in these areas to 
see if it differs from areas newly vaccinating in 2014/15. Finally, the countries within the UK are 
conducting different pilots in 2014/15. Wales are vaccinating all children age 11-12 years and 
Scotland and Northern Ireland are vaccinating all primary school age children. The Republic of 
Ireland however do not plan to implement a universal childhood programme. The preparation on 
standardising reporting of surveillance systems potentially allows for an inter-country comparison, 
further providing population-level evidence on the impact of the rollout of the programme. 
 
 

Chapter 5.6. Final comment 
 
In conclusion, a considerable amount of preparation has been undertaken to monitor the overall 
and indirect impact of the childhood influenza programme through routine surveillance data sources 
which will continue through the phased rollout. There is an early suggestion of significant overall 
impact of the programme in targeted age groups on a range of endpoints; monitoring should 
continue for the rest of the programme in a timely fashion to assist with elements of the rollout, 
such as the specific age group targeted, and inform a full epidemiological impact assessment. 
Further evidence is required to determine the magnitude of this impact, if observations are 
consistent across seasons and the levels of indirect protection offered across a range of endpoints. 
 
 



Chapter 5. Discussion 

Page 161 of 179 

  

Chapter 5.7. Key conclusions 
 
WHAT FACTORS SHOULD BE CONSIDERED WHEN ASSESSING THE IMPACT OF THE PROGRAMME? 

 Extensive work has been done to prepare surveillance data sources for assessment of the  
overall and indirect impact of the childhood influenza vaccination programme and 
determine important factors to take into consideration. 

 The burden of mortality attributable to influenza was seen across a range of cause of death  
codes and varies considerably according to the influenza virus circulating, both in terms of 
the magnitude and age group affected. Little attributable mortality was detected in under 
15 year olds, though this is likely to be a limitation of the modelling approach. 

 Standardisation of interpretation of influenza activity was successfully piloted across  
seasons, schemes and countries. 

 Variation in circulation of influenza activity was detected, the impact of which was  
reflected through severe disease surveillance schemes. 

 
WHAT IS THE HYPOTHESISED IMPACT OF THE VACCINATION PROGRAMME AND HOW CAN IT BE 
MEASURED? 

 A range of study types for assessing the indirect and overall impact of childhood influenza  
vaccination programmes were highlighted in a systematic review. The studies available were 
generally of low quality and indicated some impact on self-reported illness and doctor visits, 
with little impact seen for more severe endpoints such as hospitalisations and emergency 
department admissions. 

 When assessing overall and indirect impact in secondary boarding schools in England, there  
was a significant impact seen both in targeted and non-targeted age groups, the magnitude 
of which was larger than seen in community studies. 

 
WHAT WERE INITIAL OBSERVATIONS FROM THE FIRST SEASON OF THE PROGRAMME? 

 The childhood influenza vaccination programme in England was successfully piloted during  
the low influenza activity season of 2013/14, with uptake reaching 43% in 2 year olds, 40% 
in 3 year olds and 53% in 4-11 year olds. 

 There was a considerable range in vaccine uptake across the country, with a population-  
level analysis suggesting increased deprivation and increased proportion of black and 
minority ethnic groups were the main significant predictors of lower uptake. 

 Despite generally low levels of illness school absenteeism, an overall impact of the  
programme was seen in primary schools, with significantly lower levels in vaccine pilot 
relative to non-pilot areas after adjusting for confounding factors. There was however no 
indirect impact observed, with no significant difference between secondary schools in pilot 
relative to non-pilot areas. 

 A significant impact of the programme was also seen through disease indicators when  
comparing between pilot and non-pilot areas. This was seen both in targeted and non-
targeted age groups, although no impact was seen in older age groups for severe outcomes. 

 
 
 
 
 



Page 162 of 179 

 

Chapter 5.8. Key recommendations 
 
SURVEILLANCE DATA SOURCE PREPARATION 

 Estimation of influenza-attributable mortality can be further refined when sufficient data is  
available to produce influenza subtype-specific estimates, allowing comparison to previous 
seasons when the same subtype was circulating. Burden estimates can be extended from 
numbers of deaths to calculating years of life lost and disability adjusted life years. Regular 
seasonal analysis is essential, particularly when the programme becomes national. 
Exploration of other methods and study types to better capture the mortality burden in 
children should be carried out.  

 Standardisation of interpretation of influenza activity to assess the impact of the  
vaccination programme will be crucial when comparing observations to previous seasons 
and across UK countries with different vaccination policies.  

 Evaluation of impact of the programme when delivered through geographically dispersed  
pilots will need to consider subnational variation in influenza activity. It should also be 
considered whether it disrupts the pattern of transmission. 

 
EPIDEMIOLOGICAL IMPACT ASSESSMENT 

 Study designs and common limitations in observational studies assessing indirect and  
overall impact should be taken into consideration with future assessment of impact on 
surveillance data. 

 The number of studies assessing indirect and overall impact of universal childhood influenza 
vaccination campaigns was limited in terms of both quantity and quality; there is a need to 
publish findings from well-conducted observational studies. 

 Within England, it is important to continue to assess impact on absenteeism and disease  
indicators in future seasons to see if findings can be replicated and to inform if impact is seen 
across a range of severity endpoints. 

 It needs to be determined if the significant impact in boarding secondary schools can be  
replicated in a community setting when vaccinating secondary school age children, with 
implications for determining the age range vaccinated. There is the opportunity to assess 
this in 2014/15 with some pilots targeting secondary schools. 

 Continued assessment of population-level predictors of uptake will assist successful annual  
uptake of the vaccine. This should be complemented with studies at an individual level and 
vaccine provider level to further understand differences and inform areas or issues to target. 

 The next phase of the programme rollout in the UK in 2014/15 will allow for assessment of  
impact by age group targeted, delivery method, with an inter-country comparison also 
possible. There will also be some pilot areas who were also targeted in 2013/14, potentially 
allowing for assessment of impact of repeat vaccination. 
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ENGLISH SUMMARY 
  
Infection with influenza can result in significant morbidity and mortality each winter. The key strategy 
for control is vaccination – until recently national programmes targeted populations at a higher risk 
of developing severe disease following infection. This included individuals with underlying chronic 
conditions, the elderly, pregnant women and frontline healthcare workers. The recent European 
licencing of an intranasal vaccine for children prompted assessment of a possible extension to the 
vaccination programme. By additionally targeting healthy children for vaccination, there will be 
direct benefits through the provision of individual immunity but, as a result of their role in 
transmission, modelling work suggests there will be a subsequent reduction in influenza-associated 
morbidity and indirect benefits in the wider community, driving the expected cost-effectiveness of 
the extension. 
 
On this basis, it was recommended to extend the routine annual vaccination programme for 
influenza to all children 2-16 years across the United Kingdom via a phased introduction. During the 
first season of the extension in England in 2013/14, all 2-3 years old were offered the vaccine through 
primary care and approximately 5% of 5-11 year olds in self-selected geographical pilots, six of which 
delivered through primary schools while the seventh delivered through community pharmacies. 
 
After rollout of the programme, a full evaluation will be carried out to determine the success of the 
programme in terms of the impact seen and if cost effective. In the meantime, while various 
influenza disease surveillance systems are routinely operational across England, a considerable 
amount of preparatory work is required to determine the data sources and analysis required to 
evaluate the impact and help optimise the subsequent rollout of the programme. The aim of this 
thesis is therefore to collate the intelligence on monitoring the population-level burden of influenza, 
uptake of the vaccine and epidemiological impact of the programme.   
 
 
Chapter 2 addresses several factors that should be considered when assessing the impact of such a 
programme extension. 
 
The typical burden of influenza across surveillance schemes will need to be estimated prior to 
evaluation of extending the vaccination programme. Mortality attributable to influenza in England 
and Wales during recent years is presented in Chapter 2.1. The burden was statistically estimated 
through age-specific generalised linear regression models, controlling for cold weather and 
respiratory syncytial virus activity which can coincide with influenza and also result in excess 
mortality. The models were successfully applied and, as seen in other countries, the mortality 
burden is considerably higher when the influenza A(H3N2) subtype circulates relative to A(H1N1), 
with impact predominantly seen in the elderly. No significant influenza B attributable mortality was 
seen across seasons or age groups. As the burden by season can vary considerably, highlighting the 
importance of regular seasonal age-specific estimates when interpreting the impact of interventions 
such as vaccination. Little attributable mortality was detected in under 15 year olds, suggesting a 
model sensitivity issue and that individual-level active surveillance may be more appropriate to 
monitor mortality in this age group. 
 
As influenza activity can vary considerably between seasons, there is a need to standardise reporting 
of intensity so seasonal fluctuations are not over-interpreted. Chapter 2.2 reviews methods for 
harmonising interpretation of timing and intensity of influenza activity across several primary care 
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surveillance schemes in operation across the United Kingdom (UK). The Moving Epidemic method 
was successfully applied and will be of use when comparing activity across seasons within a scheme, 
Furthermore, as the rollout of the childhood programme and surveillance schemes are different in 
countries within the UK, this method will perform an important basis for inter-country comparison 
of activity within a season. 
 
Little work has been undertaken to look at subnational variation of seasonal influenza which, if 
present, could impact on burden estimates each season across the country. This will then have 
implications for interpretation of programme impact, particularly as rollout in some age groups is 
through geographically dispersed pilots. Observations from routine surveillance data sources during 
2012/13 are reviewed in Chapter 2.3, including primary care influenza-like illness consultation rates, 
virological data and all-cause mortality. There was regional variation in circulation of influenza 
subtypes and subsequent disease burden. Therefore for retrospective evaluation of the impact of 
interventions, this spatial factor will be important to monitor and consider as a potential bias. 
 
 
To determine what the hypothesised impact of an extension to the vaccination programme is, 
existing data can be assessed. Chapter 3 covers this information to provide an indication of what we 
may expect to see and how it can be experimentally measured. 
 
Seasonal influenza vaccine programmes targeting children are already in operation in several 
countries. A systematic review assessing the indirect and overall impact of universal childhood 
influenza vaccination programmes on a range of influenza-associated health outcomes is presented 
in Chapter 3.1. While there were suggestions of a reduction in risk of disease in vaccinated 
populations for self-reported illness and doctor visits, there was little evidence when assessing 
hospitalisations and emergency department admissions. The impact on school absenteeism was 
mixed, while little evidence was available for the impact on excess mortality. As few studies were 
published and the evidence available was of limited quality across outcomes, it is uncertain if these 
observations are artificial or valid, either through limited programme effectiveness or sensitivity of 
endpoints with a lack of influenza-confirmed outcomes assessed. Future well-conducted studies 
controlling for underlying confounders in different populations will be crucial to place the findings 
of this chapter in context. 
 
In addition to evidence from other countries, it is also desirable to know what the impact would be 
in an England setting. A cohort study undertaken in school pupils attending private boarding schools 
is presented in Chapter 3.2. The impact of vaccination on respiratory illness was assessed in 
secondary school age children, comparing schools who routinely vaccinated children against 
influenza versus those who did not. This age group was not targeted across England in the first year 
of the programme and so this study complemented routine assessments. Significant overall impact 
was seen when vaccinating healthy secondary school boarders against respiratory illness endpoints 
and indirect impact was also seen in unvaccinated individuals in vaccinating schools. The larger 
impact relative to reported in Chapter 3.1 may be due to the closed setting of the school type or the 
age group targeted and will need further work to interpret. 
 
 
Chapter 4 presents initial observations from the first year of the programme in 2013/14 on the level 
of vaccine uptake reached and the impact on community and disease indicators, providing some 
suggestion of the likely impact expected and the success of programme implementation.  
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Monitoring of vaccine uptake is crucial to determine success if there is variation in coverage and to 
identify if there are under-vaccinated groups of the population to target. Assessment of population-
level predictors associated with uptake of the influenza vaccine in children through regression 
modelling are presented in Chapter 4.1. Levels of uptake were shown to vary considerably across 
the country. Religious beliefs, reported to be associated with vaccine hesitancy during the season, 
was shown to be an important factor. However the main factors significantly associated were 
deprivation and ethnicity, with lower uptake seen in increasing deprived areas with a higher 
proportion of black and minority ethnic groups. As annual re-vaccination is required for influenza, it 
is important, in addition to ensuring uptake levels are sustained, that these factors are addressed, 
along with further assessment of the contribution of individual-level, household-level and vaccine 
provider-level attributes to fully provide equitable delivery. 
 
Influenza has been shown to impact on school absenteeism. Chapter 4.2 compares illness 
absenteeism rates in pilot and non-pilot sites, assessing overall impact in the targeted age group of 
primary schoolchildren and indirect impact in the older non-targeted age group of secondary 
schoolchildren. Despite a fairly narrow range of overall absenteeism levels seen, there was a 
significant reduction in illness absenteeism in primary schools where the vaccine was delivered, 
suggesting an overall impact. However no significant indirect impact was seen in secondary schools 
in these areas.  
 
Observations from routine surveillance systems during 2013/14 are presented in Chapter 4.3, 
comparing activity in areas where primary schoolchildren were offered and not offered the vaccine. 
Despite low influenza activity, across indicators a consistent though not statistically significant 
reduction in cumulative disease incidence and virological activity was seen in pilot relative to non-
pilot areas, with suggestions of a smaller difference for more severe endpoints.  This was seen in 
both targeted and non-targeted age groups, although there was no difference in older age groups 
for secondary care indicators. In conjunction with community insights as illustrated in Chapter 4.2, 
it will be crucial to repeat these studies as the programme is rolled out to a wider proportion of the 
country to see if the findings are replicated, particularly as cost-effectiveness estimates are driven 
by reduction in burden in the elderly. 
 
 
A considerable amount of preparatory work has been undertaken to monitor the overall and indirect 
impact of the childhood influenza vaccination programme through routine surveillance data sources. 
Uptake during the first year was encouraging and there is an early suggestion of a significant overall 
impact of the programme in targeted age groups on a range of endpoints. However further evidence 
is required to determine the magnitude of this impact, if observations are consistent across different 
influenza seasons and the levels of indirect protection offered across a range of endpoints. It is 
important therefore to continue this monitoring work in a timely fashion to assist with elements of 
the rollout such as the specific age group targeted, and help inform a full future epidemiological 
impact assessment. 
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DUTCH SUMMARY 
 
Elke winter kan besmetting met influenza leiden tot een aanzienlijk ziekte- en sterftecijfer. De 
belangrijkste strategie om dit te controleren is vaccinatie. Tot voor kort richtten nationale 
programma's in Engeland zich op bevolkingsgroepen die een hoger risico liepen op het ontwikkelen 
van een ernstige ziekte na infectie. Deze groepen omvatten mensen met onderliggende chronische 
aandoeningen, ouderen, zwangere vrouwen en gezondheidswerkers in de frontlinie. De recente 
Europese vergunning voor een intranasaal vaccin voor kinderen riep de beoordeling op van een 
mogelijke uitbreiding van het vaccinatieprogramma. Door zich te richten op gezonde kinderen voor 
vaccinatie zullen er directe voordelen zijn door het verstrekken van individuele immuniteit. 
Bovendien, als resultaat van hun rol in de transmissie, suggereert mathematisch modellenwerk dat 
er een hierop volgende verlaging van een influenza-geassocieerd ziektecijfer zal zijn, wat resulteert 
in indirecte voordelen buiten de gemeenschap, waardoor de verwachte kosteneffectiviteit van de 
uitbreiding nog verhoogd zal worden. 
 
Op basis hiervan werd het aanbevolen om het jaarlijkse routine griepvaccinatieprogramma in het 
Verenigd Koninkrijk uit te breiden naar alle kinderen tussen de 2 en 16 jaar door middel van een 
gefaseerde invoering. Tijdens het eerste seizoen van deze uitbreiding kregen in 2013/14 alle 
kinderen in Engeland van 2 en 3 jaar oud het vaccin aangeboden via de eerstelijns gezondheidszorg 
en circa 5% van de 5 tot 11 jarige kinderen op zeven zelf uitgekozen geografische testlocaties, 
waarvan zes via basisscholen en het zevende via openbare apotheken. 
 
Na het op de markt brengen van het programma zal een volledige evaluatie worden uitgevoerd om 
het succes ervan te bepalen in termen van de waargenomen impact en kosteneffectiviteit. In de 
tussentijd, terwijl verschillende influenza controlesystemen routinematig in heel Engeland worden 
uitgevoerd, is een aanzienlijke hoeveelheid voorbereidend werk nodig om de gegevensbronnen en 
de analyses die nodig zijn om de impact te evalueren te bepalen en te helpen bij het optimaliseren 
van de latere lancering van het programma. Het doel van dit proefschrift is dan ook om gegevens te 
verzamelen over het niveau van de ziektelast van influenza onder de bevolking, de opname van het 
vaccin en de epidemiologische impact van het programma. 
 
Hoofdstuk 2 behandelt verschillende factoren die overwogen moeten worden bij de beoordeling 
van de gevolgen van een dergelijke uitbreiding van het programma. 
 
De typische ziektelast van influenza in controleschema’s zal geschat moeten worden voorafgaand 
aan de evaluatie van de uitbreiding van het vaccinatieprogramma. Het sterftecijfer dat toe te 
schrijven is aan influenza in Engeland en Wales in de afgelopen jaren wordt in Hoofdstuk 2.1 
getoond. De ziektelast is statistisch geschat door middel van leeftijdsspecifieke gegeneraliseerde 
lineaire regressiemodellen, controle voor koud weer en respiratoire syncytiale virusactiviteiten die 
overeen kunnen komen met influenza en die ook tot een extreem hoog sterftecijfer leiden. De 
modellen werden met succes toegepast en, zoals in andere landen te zien, is het sterftecijfer 
aanzienlijk hoger als influenza A(H3N2) circuleert in vergelijking met A(H1N1), met voornamelijk 
waargenomen effecten bij ouderen. Er werd geen significant sterftecijfer waargenomen dat was toe 
te schrijven aan influenza B in de seizoenen of leeftijdsgroepen. Aangezien de ziektelast per seizoen 
aanzienlijk kan verschillen, benadrukt dit het belang van regelmatige seizoensgebonden 
leeftijdsspecifieke schattingen bij het interpreteren van de impact van interventies, zoals vaccinatie. 
Een laag aan de ziekte toe te schrijven sterftecijfer werd waargenomen bij 15-jarigen, hetgeen duidt 
op een modelgevoeligheidsprobleem en dat actieve controle op individueel niveau mogelijk meer 
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geschikt is om de sterfte in deze leeftijdsgroep te volgen. 
 
Aangezien influenza-activiteit aanzienlijk kan variëren tussen de seizoenen, dient de melding van 
intensiteit gestandaardiseerd te worden, zodat seizoensinvloeden niet overgeïnterpreteerd worden. 
Hoofdstuk 2.2 behandelt methoden voor de overeenstemming van de interpretatie van timing en 
intensiteit van de influenza-activiteit bij verschillende eerstelijns gezondheidssystemen die in het 
Verenigd Koninkrijk (VK) actief zijn. De Moving Epidemic methode werd met succes toegepast en zal 
van nut zijn bij het vergelijken van activiteiten in de seizoenen binnen een schema. Aangezien de 
lancering van het jeugdprogramma en de controlesystemen verschillen in landen binnen het 
Verenigd Koninkrijk, zal deze methode bovendien een belangrijke basis vormen voor interlandelijke 
vergelijking van activiteit binnen een seizoen. 
 
Er is weinig werk uitgevoerd om subnationale variatie van seizoensinfluenza te bekijken die, indien 
aanwezig, impact zou kunnen hebben op het schatten van ziektelast in het hele land. Dit zal 
vervolgens gevolgen hebben voor de interpretatie van de impact van het programma, met name als 
de lancering in sommige leeftijdsgroepen via geografisch verspreide testlocaties plaatsvindt. 
Waarnemingen uit gegevensbronnen van routinecontrole tijdens 2012/13 worden in Hoofdstuk 2.3 
behandeld, met inbegrip van consultatie van eerstelijns influenza-achtige ziektes, virologische 
gegevens en sterfterisico in het algemeen. Er was regionale variatie in de circulatie van influenza 
subtypes en de daaropvolgende ziektelast. Daarom is voor de retrospectieve evaluatie van de 
gevolgen van interventies deze ruimtelijke factor van belang om te monitoren en te beschouwen als 
een mogelijke misvatting. 
 
Om te bepalen wat de hypothetische impact van een uitbreiding van het vaccinatieprogramma is, 
kunnen bestaande gegevens geëvalueerd worden. Hoofdstuk 3 behandelt deze informatie om een 
indicatie te bieden van wat we kunnen verwachten en hoe het experimenteel gemeten kan worden. 
 
Seizoensgebonden griepvaccinprogramma's gericht op kinderen zijn al in verschillende landen in 
gebruik. Een systematische beoordeling die de indirecte en de totale impact van universele 
jeugdinfluenzavaccinatie programma’s evalueert op een reeks influenza-geassocieerde 
gezondheidssituaties, wordt aangeboden in Hoofdstuk 3.1. Terwijl er suggesties waren van een 
vermindering van het risico van de ziekte bij gevaccineerde bevolkingsgroepen voor 
zelfgerapporteerde ziekte en doktersbezoeken, was er weinig bewijs bij de beoordeling van 
ziekenhuisopnames en spoedopnames. De impact op schoolverzuim was gemengd, terwijl er weinig 
bewijs beschikbaar was over de impact op extreem hoge sterftecijfers. Aangezien er weinig studies 
gepubliceerd zijn en het beschikbare bewijs over de resultaten van beperkte kwaliteit was, is het 
onduidelijk of deze waarnemingen kunstmatig of juist zijn, of via een beperkte programma-
efficiëntie of gevoeligheid van eindwaarden met een gebrek aan influenza bevestigde resultaten 
geëvalueerd. Toekomstig goed uitgevoerd controleonderzoek naar de onderliggende factoren in 
verschillende bevolkingsgroepen zal cruciaal zijn om de bevindingen van dit hoofdstuk in context te 
plaatsen. 
 
In aanvulling op bewijsmateriaal uit andere landen, is het ook wenselijk om te weten wat de impact 
in een omgeving in Engeland zou zijn. Een cohortonderzoek uitgevoerd naar scholieren op 
particuliere internaten wordt gepresenteerd in Hoofdstuk 3.2. De impact van vaccinatie tegen 
luchtwegenaandoeningen werd beoordeeld bij kinderen in de leeftijd van de middelbare school, 
waarbij scholen vergeleken werden die routinematig kinderen tegen influenza vaccineerden met die 
scholen die dat niet deden. Deze leeftijdsgroep werd in Engeland in het eerste jaar van het 
programma niet geadresseerd. Significante totale impact werd waargenomen bij het vaccineren van 
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gezonde middelbare school leerlingen tegen luchtwegenaandoeningen en indirecte effecten werden 
ook waargenomen bij ongevaccineerde personen in vaccinerende scholen. De grotere impact ten 
opzichte van het beschrevene in Hoofdstuk 3.1 kan het gevolg zijn van de beslotenheid van het 
schoolsoort of de behandelde leeftijdsgroep en zal meer werk nodig hebben om geïnterpreteerd te 
worden. 
 
Hoofdstuk 4 behandelt de eerste waarnemingen van het eerste jaar van het programma in 2013/14 
op het bereikte niveau van de opname van het vaccin en de impact op de gemeenschap en ziekte-
indicatoren. Dit biedt suggesties over de waarschijnlijk te verwachten impact en het succes van de 
uitvoering van het programma. 
 
Het controleren van vaccine opname is essentieel om te bepalen of er variatie in dekking is en om 
te identificeren en of er onvoldoende gevaccineerde bevolkingsgroepen zijn om te adresseren. 
Evaluatie van voorspellers in het bevolkingsniveau in verband met de opname van het 
influenzavaccin bij kinderen door middel van regressiemodellen wordt getoond in Hoofdstuk 4.1. 
Aangetoond is dat niveaus van opname in het hele land aanzienlijk variëren. Aangetoond werd dat 
religieuze overtuigingen, geassocieerd met vaccin aarzeling tijdens het seizoen een belangrijke factor 
zijn. De belangrijkste geassocieerde factoren waren echter ontbering en etniciteit, met lagere 
opname waargenomen in toenemende achtergestelde gebieden met een hogere verhouding bij 
zwarte en etnische minderheden. Aangezien jaarlijkse revaccinatie voor influenza nodig is, is het van 
belang (in aanvulling op het waarborgen dat opnameniveau gehandhaafd blijft) dat deze factoren 
geadresseerd worden om gelijke afgifte te kunnen bieden, evenals verdere beoordeling van de 
bijdrage op individueel, huishoudelijk en vaccin providerproducent niveau. 
 
Aangetoond is dat influenza impact heeft op schoolverzuim. Hoofdstuk 4.2 vergelijkt 
ziekteverzuimcijfers op testlocaties en locaties waar niet getest wordt, de beoordeling van de totale 
impact in de geadresseerde leeftijdsgroep van primaire schoolkinderen en de indirecte impact in de 
hogere niet geadresseerde leeftijdsgroep van middelbare scholieren. Ondanks een vrij klein bereik 
van totaal waargenomen ziekteverzuim, was er een significante vermindering van ziekteverzuim in 
basisscholen waar het vaccin was afgeleverd, wat een totale impact suggereert. Er is echter geen 
significante indirecte impact waargenomen op middelbare scholen in deze gebieden. 
 
Waarnemingen uit routine controlesystemen in 2013/14 worden getoond in Hoofdstuk 4.3, waar 
activiteit vergeleken wordt in gebieden waar basisschoolkinderen het vaccin werd aangeboden en 
waar niet. Ondanks lage influenza-activiteit, werd bij indicatoren een consistente, hoewel niet 
statistisch significante vermindering van cumulatieve incidentie van ziekte en virologische activiteit 
gezien in de testgebieden vergeleken met de gebieden waar niet getest werd, met suggesties van 
een kleiner verschil voor meer ernstige eindwaarden. Dit werd gezien in zowel geadresseerde als 
niet geadresseerde leeftijdsgroepen, maar er werd geen verschil aangetroffen in de oudere 
leeftijdsgroepen voor tweedelijns indicatoren. In combinatie met gemeenschapsinzichten zoals 
getoond in Hoofdstuk 4.2, is het van cruciaal belang om deze studies te herhalen als het programma 
gelanceerd wordt in een breder deel van het land om te bekijken of de bevindingen gerepliceerd 
worden, met name omdat kosteneffectiviteit schattingen aangedreven worden door een 
vermindering van de ziektelast bij ouderen. 
 
Een aanzienlijke hoeveelheid voorbereidend werk is verricht om de algemene en indirecte impact te 
controleren van het influenzavaccinatie programma voor kinderen door middel van het controleren 
van gegevensbronnen van routine surveillance. Opname in het eerste jaar was bemoedigend en er 
zijn vroege suggesties van een significante totale impact van het programma in geadresseerde 



 

Page 173 of 179 

  

leeftijdsgroepen op een reeks eindwaarden. Verder bewijs is echter nodig om de omvang van deze 
impact te bepalen, als waarnemingen consistent zijn in verschillende influenzaseizoenen en de 
niveaus van geboden indirecte bescherming in een serie eindpunten. Het is daarom belangrijk om 
deze controlerende werkzaamheden tijdig uit te voeren om te assisteren met elementen van de 
lancering, zoals de specifieke leeftijdsgroep die geadresseerd wordt, en te helpen bij een volledige 
toekomstige epidemiologische impactbeoordeling. 
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