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SUMMARY

A phased introduction of routine influenza vaccination of healthy children was recommended in
the UK in 2012, with the aim of protecting both vaccinated children and the wider population
through reducing transmission. In the first year of the programme in 2013–2014, 4- to 11-year-
olds were targeted in pilot areas across England. This study assesses if this was associated with
school absenteeism, an important societal burden of influenza. During the spring 2014 term when
influenza predominantly circulated, the proportion of absence sessions due to illness was
compared between vaccination pilot and non-pilot areas for primary schools (to measure overall
impact) and secondary schools (to measure indirect impact). A linear multilevel regression model
was applied, adjusting for clustering within schools and potential school-level confounders,
including deprivation, past absenteeism, and ethnicity. Low levels of influenza activity were
reported in the community in 2013–2014. Primary schools in pilot areas had a significantly
adjusted decrease in illness absenteeism of 0·05% relative to non-pilot schools; equivalent to an
average of 4 days per school. In secondary schools, there was no significant indirect impact of
being located in a pilot area on illness absenteeism. These insights can be used in conjunction
with routine healthcare surveillance data to evaluate the full benefits of such a programme.
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INTRODUCTION

Influenza infection can manifest to varying degrees of
severity. While most people infected will be asymp-
tomatic, there is substantial morbidity and mortality
resulting each year in England and across Europe
[1–3], with endpoints ranging from consulting primary
care through to hospitalization and mortality. The im-
pact of influenza typically varies by age group accord-
ing to the subtype circulating [3]. However there are

individuals who are at elevated risk of developing se-
vere disease following infection [4] and so selectively
targeted by annual influenza vaccination programmes
traditionally in many countries. These programmes in
developed countries have typically focused on 565-
year-olds, <65-year-olds in a clinical risk group and,
more recently following the emergence of the 2009
pandemic influenza strain, pregnant women, vaccinat-
ing whom provides protection to the young infant. A
small number of countries, however, also recommend
targeting healthy children or all persons from age 6
months [5, 6]. In addition to providing a direct
benefit to the child themselves, as children are thought
to be key transmitters of influenza [7] vaccination is
thought to also provide indirect protection to the
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wider community through reducing transmission of
infection [8, 9], with a high burden still seen in the eld-
erly and high-risk groups [10].

Based on (a) mathematical modelling studies [11]
that predicted the population-wide impact of vaccinat-
ing school-age children and (b) the recent licensure of
a live attenuated influenza vaccine in Europe, the
Joint Committee on Vaccination and Immunization
(JCVI) recommended [12] the introduction of an an-
nual influenza vaccination programme for healthy
children aged 2–16 years. A phased introduction of
the programme commenced in 2013–2014, when im-
munization was offered to all children aged 2–3
years across the UK together with children aged
4–11 years resident in seven geographical pilot areas
in England [13]. Assessment of the health impact of
the first year of the programme on respiratory and
influenza healthcare-level outcomes found [14] a con-
sistent, albeit not statistically significant, decrease in
cumulative disease incidence across targeted and non-
targeted age groups for a range of different disease
indicators in primary-school-age vaccination pilot
areas relative to non-pilot areas.

School absenteeism can be an important conse-
quence of influenza infection. Absence of pupils
from schools due to illness can have social and eco-
nomic 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 [15]. Studies elsewhere have assessed the po-
tential impact of paediatric influenza vaccination pro-
grammes on school absenteeism, with the expectation
there would be reductions in school respiratory illness
absenteeism following vaccination of healthy pupils
[15–17]. The majority of available studies have been
conducted in the United States and concluded such
school-based programmes resulted in a modest reduc-
tion in absenteeism, with some suggesting a possible
indirect impact in other school-age groups [18, 19].
There were, however, several limitations with these
studies, including assessing the broad outcome of all-
cause absenteeism (illness and non-illness), low vac-
cination coverage, limited statistical power, and lack
of adjustment for potential confounders between
pilot and control schools such as deprivation and his-
torical 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 gen-
eral cause allows us to assess if any impact of the
newly established universal childhood influenza vac-
cination programme has been observed on illness ab-
senteeism. 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 2013–2014 influenza season. A secondary object-
ive is to assess if any indirect impact was observed
in older non-targeted age groups in secondary school-
age children in the same locality where primary
schools are vaccinated.

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 [20] provided
school-level absence data for each state-funded pri-
mary and secondary school in England, with a break-
down by term and school year group from autumn
2011 to spring 2014. Illness absenteeism for each
term was defined as the proportion of authorized half-
day absence sessions due to any illness, and does not
include unauthorized absences where the school is
not satisfied of the authenticity of the illness.

Vaccination

During 2013–2014, seven geographically discrete pilot
areas in England offered influenza vaccine to all chil-
dren of primary-school age (4–11 years): Bury,
Cumbria, Gateshead, Leicester City and Rutland,
South East Essex and the London boroughs
Havering and Newham. This was an estimated target
population of children aged 4–11 years of 199 475 [14].
Schools and associated absenteeism data were
assigned to either pilot or non-pilot areas by postcode
based on area boundaries of the pilot sites.

Vaccine uptake was collated by each NHS England
pilot area team at school and year-group level and
reported to Public Health England at the end of the
season [14]. End-of-season uptake values were
defined as the proportion of children in the target
school population who received at least one dose of
influenza vaccine during the 2013–2014 campaign.
Except for Cumbria, all pilot sites delivered vaccine
through school programmes and school-level uptake
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by year group was matched to the Department for
Education 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 2013–2014 were avail-
able from the Department for Education’s annual
school census [21] and were matched to school-level
absenteeism data with the Department for Education’s
unique school identifier. Potential confounding vari-
ables identified as likely to impact on absenteeism and
controlled for included historical school absenteeism
by year group, school setting (urban/rural), the propor-
tion of children with special educational needs, the level
of deprivation (measured through the Income
Deprivation Affecting Children Index; IDACI [22])
and the proportion of pupils with a defined ethnicity
(grouped by he Office for National Statistics census
categories).

Analysis

Descriptive

The proportion of sessions missed due to illness absen-
teeism 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 2013–2014 period. Crude prevalence ratios
for absenteeism were then calculated for pilot relative
to non-pilot areas for the autumn 2013 and spring
2014 school terms. The proportions were also com-
pared for other school terms back to autumn 2011
to determine if there were systematic baseline differ-
ences between schools in the pilot and non-pilot areas.

Continuous covariates were categorized according
to their distribution to ensure sufficient numbers in
each category and then compared between pilot and
non-pilot schools to see if there were notable differ-
ences. At the school level, IDACI rank was grouped
into quintiles; proportion of pupils of white ethnicity
was categorized as <50% and 550%; other ethnic
groups were split into <10% and 510% and propor-
tion of pupils with special educational needs was cate-
gorized as <20% or 520%. School setting was
grouped according to the following levels: urban,
town, village and hamlet. Absenteeism was then com-
pared across the covariates.

Multilevel work

As influenza started notably circulating at the begin-
ning of 2014 [23] until April 2014, absenteeism during
the spring 2014 term was defined as the dependent
variable. Absenteeism data was available at year
level nested within schools (Fig. 1). A linear multilevel
regression model was constructed to model spring
2014 school illness absenteeism and determine the im-
pact of vaccination. We controlled for potential con-
founders identified in the literature as relevant and
available through the school-level census as men-
tioned above and adjusted for clustering within
schools (confirmed as significant at 95% level by com-
paring 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 year-group
level, variables modelled were spring 2014 absentee-
ism (the dependent variable), autumn 2013 absentee-
ism and the average of absenteeism in autumn and
spring terms in 2011–2012 and 2012–2013 (to adjust
for background patterns), and number of pupils. At
the school level, variables modelled were vaccine
pilot status (pilot or non-pilot), urban/rural status,
special educational needs, deprivation rank and ethni-
city proportions (white and other). A third level of
geographical region [24] was included to adjust for
geographically varying influenza activity [25]. 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
school level. Vaccine uptake, the proportion of chil-
dren 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, Austria),
with the multilevel model fitted using the nlme pack-
age [26].

RESULTS

Low levels of influenza activity were seen in the com-
munity in England in 2013–2014, with the 2009 pan-
demic A(H1N1) virus predominating and illness
through health system-based surveillance mainly
reported in young adults [27]. Significant increases in
activity occurred after Christmas, with a peak in

3414 H. K. Green and others

https://doi.org/10.1017/S0950268816001680 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268816001680


activity seen in February/March 2014 and circulation
continuing until the end of April. This period coin-
cided with the spring 2014 term absenteeism data.
All influenza A(H1N1)pdm09 viruses characterized
were antigenically and genetically similar to the
strains in the vaccine utilized in 2013–2014 [27], sug-
gesting a good match. In the first year of the pilot
childhood influenza vaccination programme, uptake
reached 43% in 2-year-olds, 40% in 3-year-olds and
in 4- to 11-year-olds in the six pilot sites with school-
delivered programmes, it reached 56%, ranging from
46% to 72% [14].

For 2013–2014, 99·8% of state-funded primary
schools (16 755/16 788) and 99·6% of secondary
schools (3315/3329) in England had illness absentee-
ism 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 (Fig. 1). Vaccination information was available
for the majority of primary schools in pilot sites except
for those in Cumbria (n= 224). 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 differ-
ences were seen for deprivation, with a larger propor-
tion 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 (Fig. 2a) with the highest ab-
senteeism 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 vari-
ables was seen in schools in hamlets (3·34%, Fig. 2b)
while the lowest was seen in schools with <50% of
pupils with white ethnicity (2·57%). The range of pro-
portion of sessions recorded as absent by year group
within schools was fairly narrow (Supplementary
Appendix Fig. A1).

Fig. 1. Absenteeism data and analysis flow. *Out of the 809 pilot schools, 224 were located in Cumbria.

Influenza vaccination and school absenteeism 3415

https://doi.org/10.1017/S0950268816001680 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268816001680


When stratifying by pilot/non-pilot area, at an ag-
gregate level, proportion of sessions missed due to ill-
ness were consistently lower in pilot relative to
non-pilot areas across primary/secondary schools
and term in 2013–2014 (Supplementary Appendix
Fig. A2). When assessing the crude difference in ill-
ness absenteeism proportions between pilot and non-
pilot areas in the previous two seasons, 2011–2012
and 2012–2013, this was also generally the case, al-
though to varying degrees. There was a slight negative
correlation seen with school-level uptake and absen-
teeism in 2013–2014 [Spearman correlation coefficient
of −0·097, 95% confidence interval (CI) −0·186 to

0·002] (Supplementary Appendix Fig. A3), suggesting
absenteeism was lower for schools with higher vaccine
coverage, although it was not significant.

Table 2 presents the difference in absenteeism by
covariate for primary- and secondary-school children
when controlling for possible confounders and cluster-
ing at the school level. The impact of being in a pilot
area (with an average school uptake of 56%) relative
to a non-pilot area was a significant decrease in
primary-school absenteeism of 0·054% (95% CI
−0·104 to −0·003, P = 0·036, Table 2). This is equiva-
lent to an average of 4 days per school and, when tak-
ing the average uptake in schools of 56%, translates to
20 children needing to be vaccinated to avert an illness
absent whole day. When considering linear variation
by uptake level, an increase in uptake of 10% resulted
in a decrease in absenteeism of 0·008% (1 day per
school), which approached statistical significance
(P = 0·062).

There was a higher level of illness absenteeism in
secondary schools located in primary-school-age vac-
cination pilot areas relative to control areas, although
the difference was not significant (P = 0·485, Table 2).

DISCUSSION

During 2013–2014, low levels of influenza activity
were reported in the community and schools, with
only 9% of outbreaks reported in schools [27], com-
pared to 36% the previous year [23]. Despite a fairly
narrow range of proportion of sessions absent by
year groups within schools, a borderline statistically
significant impact of vaccinating primary-school chil-
dren against influenza was reported in primary schools
when adjusting for confounders, with a decrease in ill-
ness 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 sign-
ificance. In secondary schools, however, there was
no significant indirect impact on illness absenteeism
of being located in a pilot area where primary schools
were vaccinated.

The relative reduction in primary-school illness ab-
senteeism observed in pilot vaccination areas in the
spring 2014 term of 0·054% may seem fairly modest.
However, the potential impact in England pilot
areas of achieving uptake of 56% uptake was appre-
ciable, and would equate to a total of 10 651 avoidable
illness absence sessions or 5325 days in the 530
observed primary schools in spring 2014. The

Table 1. Characteristics of schools in influenza vaccine
pilot and non-pilot areas*

Pilot
areas

Non-pilot
areas P value

Mean number of pupils/school
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

Mean ethnic group %/school
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%SEN children per school 37·0 32·8 0·052

Proportion of schools in urban/rural location (%)
Urban 69·3 66·4 0·147
Town/fringe 11·0 10·0
Village 15·9 18·7
Hamlet 3·9 4·9

Proportion of schools in deprivation quintile (IDACI) (%)
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

SEN, Special educational needs; IDACI, Income Deprivation
Affecting Children Index.
*P values determined using χ2 tests for categorical data and
t tests for continuous data and emboldened if <0·05.
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implications of averting illness absenteeism in children
will enable both the pupils themselves to benefit more
from their education [28], benefits to the schools by
minimizing the potential disruption of influenza out-
breaks on school life and will extend to societal ben-
efits such as minimizing parental/carer time off work
and associated costs [17]. These results suggest an im-
pact of the programme on illness absenteeism in vac-
cinating schools, complementing evidence of impact
on healthcare indicators published from England in
the 2013–2014 influenza season [14]. It should also
be noted that this modest effect was seen in a year
with relatively mild influenza circulation [27] and so
the benefits of vaccination may well be greater in
more severe influenza seasons. The evidence presented
here adds to the literature on influenza vaccination
and absenteeism, where a significant impact was
seen both at the population level [18, 19, 29] or indi-
vidual pupil level [30, 31].

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 [32–34], 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 [33]. It will be important to further assess
this apparent impact in future seasons as the child-
hood influenza vaccination programme is rolled out
across England and more schools are vaccinating.
As 2013–2014 was a fairly low intensity season, the
epidemiological impact of vaccinating school-age chil-
dren is likely to be greater in future, more intense
influenza seasons.

While an overall impact was observed in vaccinat-
ing primary schools, there was no evidence of a
significant impact on illness absenteeism in second-
ary-school children in pilot areas, suggesting no de-
tectable indirect community-level impact of the
programme on this indicator in 2013–2014. The litera-
ture assessing the indirect impact of such a pro-
gramme on school absenteeism is limited, with a
range of observations [18, 29, 32, 33, 35, 36], although
overall a positive impact was seen. While there were
large numbers involved in this analysis, the number

Fig. 2. Crude absenteeism stratified by school-level characteristics in (a) primary schools, (b) secondary schools.
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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 po-
tentially 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 one of the first in Europe to look at the
impact of seasonal influenza vaccination programmes
on school absenteeism, with little published on this
topic outside of North America. This observational
study was ecological in design, meaning the findings
are applicable for the population as a whole rather
than at the individual level. However the association
seen is promising. By utilizing a well-established man-
datory dataset, it included a large number of pupils
from state-funded schools and so allowed for sufficient

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

Primary school Secondary school

Level of variable
Variable by which
absenteeism varies

% absenteeism change
(95% CI) P value

% absenteeism change
(95% CI) P value

Year level Per 10 pupils 0·009 (0·009 to 0·010) <0·001 −0·001 (−0·001 to 0·000) 0·587
per % autumn 2013
term absenteeism

0·457 (0·450 to 0·465) <0·001 0·305 (0·294 to 0·315) <0·001

per % historic
absenteeism

0·316 (0·301 to 0·331) <0·001 0·457 (0·425 to 0·488) <0·001

Vaccination
School level No Baseline

Yes −0·054 (−0·104 to −0·003) 0·036 0·365 (−0·659 to 1·389) 0·485
per 10% uptake n.a. n.a.

Other variables
Urban/rural
Urban Baseline
Town 0·033 (0·003 to 0·064) 0·032 0·082 (0·021 to 0·144) 0·009
Village 0·07 (0·040 to 0·099) <0·001 0·096 (−0·018 to 0·209) 0·098
Hamlet 0·073 (0·026 to 0·121) 0·003 0·129 (−0·009 to 0·266) 0·067

% SEN children
<20% Baseline
20%+ 0·021 (0·001 to 0·041) 0·036 0·001 (−0·069 to 0·071) 0·979

Deprivation
Q1 (most deprived) Baseline
Q2 −0·005 (−0·035 to 0·024) 0·729 0·058 (−0·003 to 0·119) 0·062
Q3 −0·009 (−0·040 to 0·023) 0·586 0·1 (0·034 to 0·165) 0·003
Q4 −0·044 (−0·076 to −0·011) 0·008 0·089 (0·021 to 0·156) 0·010
Q5 (least deprived) −0·053 (−0·086 to −0·020) 0·002 0·074 (0·008 to 0·140) 0·029

Ethnicity
% White <50% Baseline

50%+ 0·063 (0·021 to 0·105) 0·003 0·038 (−0·044 to 0·121) 0·364
% Mixed <10% Baseline

10%+ −0·011 (−0·043 to 0·021) 0·493 −0·022 (−0·106 to 0·063) 0·616
% Asian <10% Baseline

10%+ −0·009 (−0·040 to 0·023) 0·595 −0·013 (−0·072 to 0·045) 0·660
% Black <10% Baseline

10%+ −0·043 (−0·081 to −0·004) 0·030 0·011 (−0·067 to 0·088) 0·785

CI, Confidence interval; SEN, Special educational needs.
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power, despite small vaccine pilot areas, and allowed
for adjustment for key confounders within a multilevel
analysis. The availability of illness absenteeism pro-
vided a more specific outcome compared to all-cause
absenteeism which has been reported in many other
studies [29, 32, 37]. Conversely, the limitation is that
seasonal variations in illness absenteeism can result
from illnesses other than influenza, although routine
assessment of other respiratory viruses showed no
peak in activity during the spring 2014 term [27].

Influenza vaccination reached an encouraging up-
take level (56%) and the variation across sites allowed
us to explore a possible dose-response relationship
with school absenteeism through ecological analysis.
However, information was not available at the school
level on vaccination of at-risk children who are separ-
ately targeted as part of the routine influenza vaccin-
ation programme. An initial examination of uptake
levels at the end of 2013–2014 by vaccine pilot and
non-pilot areas for 2- to 16-year-olds in a predefined
clinical risk group suggested uptake in at-risk children
was slightly higher in vaccine pilot areas relative to
non-pilot areas [38] which may result in an overesti-
mation of the impact of vaccinating healthy children
as we looked at the impact in children overall irre-
spective of risk status. However, we did set uptake
to 0% in non-pilot areas which, conversely, may
underestimate the effect. It will be important to con-
sider this as a confounder in future studies, particular-
ly 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 out-
breaks 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 underestimated the programme impact.
However, data only available at term level (rather
than by date) means any impact at the end of the au-
tumn 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 correla-
tions, and absenteeism compared at the peak week of
influenza for a more sensitive analysis. We cannot
therefore use this data to monitor influenza activity
within a season [39]. However as obtaining daily or
weekly absenteeism data through special studies is
intensive [16], 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 influenza season
instead of a single week. However a pilot study with
weekly data may help to determine and confirm differ-
ences between pilot and non-pilot areas coincide with
the timing of influenza circulation. The proportion of
sessions missed due to illness were also lower in pilot
relative to non-pilot areas in the autumn 2013 term,
albeit to a smaller degree than in the spring 2014 term –

more regular data will help to determine the timing of
fluctuations. Other information of interest would be a
measure of children attending school with less severe dis-
ease, which may increase the potential for transmission.

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 indirect effect on illness absen-
teeism in secondary schools, suggesting no detectable
indirect impact of the programme on illness absentee-
ism in 2013–2014. The assessment of term-level absen-
teeism has provided community insights which should
be used in conjunction with healthcare surveillance
when evaluating the impact of such a programme.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
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ACKNOWLEDGEMENTS

This work was supported by Public Health England
where the lead author and corresponding author are
employees. This work was supported through core
surveillance funding from the Department of Health.
The funders had no role in study design, data collec-
tion and analysis, decision to publish, or preparation
of the manuscript.

DECLARATION OF INTEREST

None.

REFERENCES

1. Fleming DM, et al. Influenza-attributable burden in
United Kingdom primary care. Epidemiology and
Infection 2016; 144: 537–547.

Influenza vaccination and school absenteeism 3419

https://doi.org/10.1017/S0950268816001680 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268816001680


2. De Donno A, et al. Surveillance of human influenza A
(H3N2) virus from 1999 to 2009 in southern Italy.
Epidemiology and Infection 2014; 142: 933–939.

3. Beauté J, et al. Age-specific differences in influenza
virus type and subtype distribution in the 2012/2013
season in 12 European countries. Epidemiology and
Infection 2015; 143: 2950–2958.

4. Public Health England. Influenza: the green book, chap-
ter 19. 2014 (https://www.gov.uk/government/publications/
influenza-the-green-book-chapter-19).

5. Centers for Disease Control and Prevention. Prevention
and control of seasonal influenza with vaccines:
Recommendations of the Advisory Committee on
Immunization Practices (ACIP) – United States, 2014–
15 Influenza Season. Morbidity and Mortality Weekly
Report 2014; 63: 691–697.

6. Vaccine European New Integrated Collaboration Effort.
Seasonal influenza vaccination in EU/EEA, influenza
season 2011–12. 2013 (http://venice.cineca.org/VENICE_
Seasonal_Influenza_2011-12_1.2v.pdf).

7. Mossong J, et al. Social contacts and mixing patterns
relevant to the spread of infectious diseases. PLoS
Medicine 2008; 5: e74.

8. Ghendon YZ, Kaira AN, Elshina GA. The effect of mass
influenza immunization in children on the morbidity of
the unvaccinated elderly. Epidemiology and Infection
2006; 134: 71–78.

9. Piedra PA, et al. Herd immunity in adults against
influenza-related illnesses with use of the trivalent-live
attenuated influenza vaccine (CAIV-T) in children.
Vaccine 2005; 23: 1540–1548.

10. Cromer D, et al. The burden of influenza in England by
age and clinical risk group: a statistical analysis to inform
vaccine policy. Journal of Infection 2014; 68: 363–371.

11. Baguelin M, et al. Assessing optimal target populations
for influenza vaccination programmes: an evidence syn-
thesis and modelling study. PLoS Medicine 2013; 10:
e1001527.

12. Joint Committee on Vaccination and Immunisation. JCVI
statementon theannual influenzavaccinationprogramme –
extension of the programme to children. 2012 (https://www.
gov.uk/government/uploads/system/uploads/attachment_
data/file/224775/JCVI-statement-on-the-annual-influenza-
vaccination-programme-25-July-2012.pdf).

13. Department of Health. The flu immunisation programme
2013–2014 – extension to children 2013 (https://www.
gov.uk/government/uploads/system/uploads/attachment_
data/file/225360/Children_s_flu_letter_2013.pdf).

14. PebodyRG,etal.Uptakeandimpactofanewliveattenuated
influenza vaccine programme in England: early results of a
pilot in primary school-age children, 2013–2014 influenza
season.Eurosurveillance 2014; 19: pii = 20823.

15. Neuzil KM, Hohlbein C, Zhu Y. Illness among school
children during influenza season – effect on school absen-
teeism, parental absenteeism from work, and secondary
illness in families. Archives of Pediatrics and Adolescent
Medicine 2002; 156: 986–991.

16. Schmidt WP, Pebody R, Mangtani P. School absence
data for influenza surveillance: a pilot study in the
United Kingdom. Eurosurveillance 2010; 15: pii = 1946.

17. Mears CJ, et al. Efficacy of LAIV-T on absentee rates
in a school-based health center sample. Journal of
Adolescent Health 2009; 45: 91–94.

18. Hull HF, Ambrose CS. The impact of school-located
influenza vaccination programme on student absentee-
ism: a review of the U.S. literature. Journal of School
Nursing 2011; 27: 34–42.

19. Hull HF, Ambrose CS. Current experience with school-
located influenza vaccination programmes in the United
States: a review of the medical literature. Human
Vaccines 2011; 7: 153–160.

20. Department for Education. National Pupil Database.
2014 (https://www.gov.uk/national-pupil-database-apply-
for-a-data-extract).

21. Department for Education. Schools, pupils and their
characteristics: January 2014. 2014 (https://www.
gov.uk/government/statistics/schools-pupils-and-their-
characteristics-january-2014).

22. Communities and Local Government. The English
Indices of Deprivation 2010. 2011 (https://www.gov.
uk/government/uploads/system/uploads/attachment_data/
file/6320/1870718.pdf).

23. Public Health England. Surveillance of influenza and
other respiratory viruses, including novel respiratory
viruses, in the United Kingdom: Winter 2012/13. 2013
(https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/325217/Annual_flu_report_winter_
2012_to_2013.pdf).

24. Office for National Statistics. Regions (Former GORs).
2011 (http://www.ons.gov.uk/ons/guide-method/geography/
beginner-s-guide/administrative/england/government-
office-regions/index.html).

25. Green HK, et al. Detection of varying influenza circula-
tion within England in 2012/13: informing antiviral pre-
scription and public health response. Journal of Public
Health 2015; 37: 295–304.

26. R. nlme: Linear and nonlinear mixed effects models
(http://cran.r-project.org/web/packages/nlme/index.html).

27. Public Health England. Surveillance of influenza and
other respiratory viruses in the United Kingdom:
Winter 2013–2014. 2014 (https://www.gov.uk/govern-
ment/uploads/system/uploads/attachment_data/file/325203/
Flu_annual_report_June_2014.pdf).

28. Department for Education. A profile of pupil absence in
England. 2011 (https://www.gov.uk/government/uploads/
system/uploads/attachment_data/file/183445/DFE-RR171.
pdf).

29. Davis MM, et al. Countrywide school-based influenza
immunization: direct and indirect impact on student ab-
senteeism. Pediatrics 2008; 122: e260–265.

30. King Jr. JC, et al. Effectiveness of school-based influenza
vaccination. New England Journal of Medicine 2006; 355:
2523–2532.

31. King Jr. JC, et al. A pilot study of the effectiveness of a
school-based influenza vaccination program. Pediatrics
2005; 116: e868–873.

32. Graitcer SB, et al. Effects of immunizing school children
with 2009 influenza A (H1N1) monovalent vaccine on
absenteeism among students and teachers in Maine.
Vaccine 2012; 30: 4835–4841.

3420 H. K. Green and others

https://doi.org/10.1017/S0950268816001680 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268816001680


33. King Jr. JC, et al. Direct and indirect impact of
influenza vaccination on young children on school ab-
senteeism. Vaccine 2012; 30: 289–293.

34. Kawai S, et al. Influenza vaccination of schoolchildren
and influenza outbreaks in a school. Clinical Infectious
Diseases 2011; 53: 130–136.

35. Monto AS, et al.Modification of an outbreak of influenza
in Tecumseh, Michigan by vaccination of schoolchildren.
Journal of Infectious Diseases 1970; 122: 16–25.

36. Loeb M, et al. Effect of influenza vaccination of children
on infection rates in Hutterite communities: a randomized
trial. Journal of the American Medical Association 2010;
303: 943–950.

37. Kjos SA, et al. Elementary school-based influenza vac-
cination: evaluating impact on respiratory illness absen-
teeism and laboratory-confirmed influenza. PLoS ONE
2013;8:e72243.

38. Public Health England. Seasonal flu vaccine uptake
(GP) 2013–2014 – data on GP registered patients. 2014
(https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/319558/SeasonalFluData_GPPatients_
Jan2014_acc.pdf).

39. Besculides M, et al. Evaluation of school absenteeism
data for early outbreak detection, New York City.
BMC Public Health 2005; 5: 105.

Influenza vaccination and school absenteeism 3421

https://doi.org/10.1017/S0950268816001680 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268816001680

