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1. Summary of the impact (indicative maximum of 100 words)

Anaphylaxis to egg was a documented contraindication for the live attenuated influenza vaccine
(LAIV), produced in eggs. In the USA, asthma was a relative contraindication. Egg allergy (with
risk of anaphylaxis) and/or asthma affects over 10% of children, so the impact on national
vaccination programmes has been very significant. The SNIFFLE studies were undertaken to
generate evidence of the safety of LAIV in children with egg allergy and/or asthma, resulting in
changes in vaccine policy, both in the UK (2015, 2019) and North America. Following concerns
over vaccine efficacy in the USA, the SNIFFLE studies (and associated mechanistic work) also
generated critical efficacy data to support the ongoing inclusion of LAIV in the UK.

2. Underpinning research (indicative maximum of 500 words)

Seasonal influenza causes over 500,000 deaths each year. Epidemiological data and
mathematical modelling indicate children are the main spreaders of influenza infection; thus, a
vaccination programme targeting children provides the most effective method for interrupting
transmission and achieving disease control.

Annual influenza vaccination for children was introduced to the UK in 2013, using the intranasal
live attenuated influenza vaccine (LAIV). However, in common with other influenza vaccines, LAIV
is grown in hens’ eggs and contains egg proteins; the vaccine was thus contraindicated for use in
children with egg allergy. On the basis of UK 2013 census data, there are over 60,000 egg-allergic
children eligible for vaccination in whom LAIV would be contraindicated. US guidelines further
recommended against LAIV in children with recurrent wheeze and asthma (estimated to affect up
to one third of preschool children), due to limited evidence from a single clinical trial. These
contraindications represented significant barriers to achieving successful implementation of the
immunisation programme in the UK. Researchers at Imperial College therefore sought to assess
the safety of LAIV in children with egg allergy and/or asthma in a series of multicentre,
interventional studies.

SNIFFLE-1 (2013/14) & SNIFFLE-2 (2014/15) were interventional studies in which 887 egg-
allergic children across 30 paediatric centres in the UK were given LAIV and then monitored for
adverse events following vaccination. The studies, led and coordinated by Paul Turner at Imperial
College, demonstrated the safety of LAIV in children with egg allergy, with no cases of systemic
allergic reaction observed (1, 2). The INATE study (2013/14) provided further evidence of the
safety of LAIV in this cohort by demonstrating that the maximum amount of egg protein in LAIV
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was some 10-100 times less than that needed to trigger even the mildest local allergic response
in children with egg allergy (3).

SNIFFLE-2 also generated reassuring data that the vaccine could be safely used in children with
mild-moderate asthma with well-controlled symptoms. However, a concern remained as to its
safety in children with more significant asthma. The SNIFFLE-3 study (2015/16) was designed to
pilot tools to monitor immune response and asthma and generate data to help demonstrate the
ongoing efficacy of LAIV in the UK (4,5). This was essential due to data from USA that efficacy of
the vaccine may have fallen from >85% pre-2009 to <5% in 2015/16 season. In SNIFFLE-4 478
children were recruited across 14 UK centres nationally, to assess the safety of LAIV in children
with severe asthma. The study confirmed that the vaccine can be safely used in children with
asthma across the severity spectrum (6).

Imperial College were the central coordinating site for the studies, as well as host institution for
Dr Turner, who wrote the protocols and established a new research network in order to carry out
the study. SNIFFLE-1 and -2 were also facilitated by co-chief investigator Dr Erlewyn-Lajeunesse
of University Southampton Hospitals. Members of the National Vaccine Evaluation Committee
(NVEC) at Public Health England (Lead, Prof Elizabeth Miller) contributed to all 4 studies in terms
of study support and data analysis.
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4. Details of the impact (indicative maximum of 750 words)

These Imperial-led studies have resulted in policy changes to the annual ‘flu vaccination
programme in the UK, facilitating uptake amongst pre- and primary school age children and
contributing to uptake of over 60% in the UK paediatric population.

Following review of the SNIFFLE-1 and -2 studies by the Joint Committee for Vaccination and
Immunisation (JCVI; an independent expert advisory committee which provides advice to the UK
Departments of Health on matters pertaining to immunisation) in June 2015, JCVI recommended
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changes to UK vaccine guidance whereby the contraindication of egg allergy was effectively
removed. This facilitated the roll out of seasonal influenza vaccination in UK children [A; see page
4, point 12; B; see page 19]. A similar process was followed for SNIFFLE-4 in 2019, resulting in
further changes in guidance with respect to children with asthma [B; see page 18; and C; see
pages 13-14]. The guidance now states, as a result of the SNIFFLE-4 data, “children with asthma
on inhaled corticosteroids may safely be given LAIV, irrespective of the dose prescribed” [C; see
page 18]. Importantly, this has resulted in a shift towards use of LAIV in children of all ages with
asthma. Given the evidence that LAIV induces a higher level of immunity than injected influenza
in children, this shift may offer better protection to older children with asthma.

Changes in practice were further reinforced through presentations at a number of national and
international meetings. Public Health England (PHE) have credited the SNIFFLE studies as
having been one factor facilitating the roll-out of LAIV amongst eligible children, achieving uptake
exceeding 60% [D: see page 4].

While there was emerging evidence from the UK and Canada that injected influenza vaccines are
safe in children with egg allergy, evidence was lacking for LAIV. Thus, egg-allergic children in
USA could only be offered the injected vaccine. Data generated from SNIFFLE-1 and -2 studies
were also presented to the Centers for Disease Control and Prevention (CDC), the USA’s health
protection agency, in turn resulting in a change in US and Canadian guidance [E, F, G; see section
new developments] whereby LAIV is no longer contraindicated for the majority of egg-allergic
children, and so “Persons reporting symptoms other than hives after exposure to egg (such as
angioedema, respiratory distress, lightheadedness, or recurrent emesis; or who required
epinephrine or another emergency medical intervention) may also receive any licensed and
recommended influenza vaccine [including LAIV] that is otherwise appropriate” [E].

SNIFFLE-3 and SNIFFLE-4 studies generated biological samples (nasal swabs, saliva and serum
samples) that were used by both Imperial College London researchers and PHE to assess the
response to changes in vaccine strains included in LAIV. This was due to concerns in the USA,
which had reported that vaccine efficacy might have fallen from >85% pre-2009 to <5% in 2015/16
season, and led to a change in the strains included for the 2017/18 season. The collaboration
between Imperial and PHE allowed the collection of biological samples from patients participating
in the SNIFFLE and FLUSHED studies (also run at Imperial), which facilitated further mechanistic
work evaluating both vaccine efficacy and local mucosal immunity following LAIV [H, I]. These
results contributed to the assessment by the UK’s JCVI that LAIV continued to demonstrate
efficacy (midseason vaccine efficacy in 2018/19 of 87%) [C], thus supporting the ongoing use of
LAIV in the UK’s National Immunisation Programme.
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