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ABSTRACT

Fish and shellfish allergy is a leading cause of anaphylaxis. There is limited data providing
accurate information on the prevalence, clinical characteristics and management guidelines
for this type of food allergy. Furthermore, it is recognised that fypersensitivity

negatively impacts on the healtblated quality of life (HRQL) of sufferers when

compared to healthy controls, as well as those suffering from other chronic diseases.
However, little is known abouhe HRQL of adults with a fistand orshellfish allergy and

how this may differ compared with other allergies. As this is a food allergy with an often

| ater onset and one which is persistent 1
examine the associated effect on HRQL in ordewitwlupon the existing knowledge of

this type of food allergy.

Theprogramme ofesearch set out to first determine the preval@sdhis underpins the
knowledge base for food allergy. Next, in order to diagnose food allergy appropaately
in-depth knowledge of the mechanisms and clinical presentations is needed. Once
diagnosis is made, the best ways of managing the food allergy, taking into account the

healthrelated quality of life of an individual, need to be known.

This research waguided by a gantitative methodologgnd consisted of a systematic

review of the prevalence of figind shellfish allergy worldwidand a crossectional study

of adul t pat iaga)witharecord df ish sy shellfish atlergyfrom

three NHS allergy outpatient clinics, as well as members of a patient support group
(Anaphylaxis Campaign), which sought to describe the clinical characteristics and measure

the HRQL of this sample.



The main findings of this researclere that very few studs haveestablished the

prevalence of fish and shellfish allergy using the gold standatbleblind, placebe
controlled challenge criteria, with the majority instead relying onregibrted
questionnairdbased methods. Where food challenges were tisegrevalence for fish
allergy was found to be-0.3% and for shellfish allergy wasi09%. It was shown that fish
and shellfish allergy often eexist, fish and shellfish allergic individuals frequently have
other atopic conditions, and the clinical pbgpe with regards to reactivity to vapours

and tolerance of tinned fish varies between individuals. In addition, the associated HRQL

of fish and shellfish allergic adults was found to be negatively impaired.

This research has identified some novel iy, which have both clinical and research
implications. There is a need for the development of clinical guidelines for the diagnosis of
fish and shellfish allergy, to ensure consistent dietary and avoidance advice a&s well
provide management strategteseduce he associ ated effects o
A promising new treatment for food allergy, oral immunotherapy, needs to be investigated
further for its effectiveness in treating fish and shellfish allergy as this would improve

HRQL further.
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CHAPTER 1

GENERAL INTRODUCTION



INTRODUCTION

1.1 Background

The consumption of fish and shellfish has increased in recent years and it is believed that
the incidence of fish and shellfish allergy has also incre@sgzhta, O'hehir, & Lehrer,

2010) Fish and shellfish allergy is a long lasting, difeeateningchronic condition which
iscommon in both children and adults, althougls ibélieved to be more prevalémt
adults(Lopata, O'hehir, & Lehrer, 2010Yhe actual prevalence is difficult to determine

due tothe different diagnostic methods that are usetda widely repded study carried

out in the United States indicatibe self-reportedprevalencef shellfish allergy $ 2% and

for fish allergyis 0.4%(Sicherer, Muno#urlong,& Sampson, 2004)The prevalence is
believed to be highen countries where the consumption of fish and shellfish is high

(Turner, Ng, Kemp, & Campbell, 2011)

Literatureto datehasidentified theallergenic proteinbelieved to benost implicated in

fish and shellfish allergyTheseare:tropomyosin, arginine kinasmyosin light chain, and
sarcoplasmic calciurhinding protein in shellfish, and parvalbumins, aldolase and enolase
in fish. Furthermore the cross reactivity between different types of crustacean shellfish is
well documented, however the situation with figfecies and molluscan shellfish is less
understood and there is limited information available on the clinical characteristics and
management of fish and shellfish allergy. No published data has looked at the effdct of fis
and shellfish allergy on healtielated quality of lifeleaving the question of whether the
burden of disease ieterogeneousnansweredThere is also a dispéy of food
hypersensitivityliterature describing the clinical characteristics, diagnosis and therapy in

adults(Crespo & Rodriguez, 2003)
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The term clinical charaeristic in this thesis refers to the typical presentation of individuals
with regards to their fisand orshellfish allergy. The term cross sdissition will be used
where members of the same protein family share IgE and T cell epitopes, cdiesgig
reactions, for example between fish species. Where there is a clinical history of this
triggering an allergic reaction in the patient, the term clinical cross reactiityemised.

The term co sensitisation refers to the seradioa to multiple, ureglated allergens.

As relatively little is currently known about fish and shellfish allergy, this thesis will seek
to explore the epidemiology to understand how prevalent this type of food allergy is in the
population. It will describe the clinical chataristicsof allergic patientand it will

investigate fronra pat i e nt $hawths gype Df@lEQY impaats on their everyday

by means of masuring healthelated quality of life By doing this, this thesis aims to add

to the current body of literature and expdnelunderstanding of fish and shellfish allergy.

1.2  Aim and research questions

The overall aim of this research is to characterise and describe fish and shellfishsallergy
that the research and clinical community can better understand it and thus manage it more
effectively. To address this aim, three studies were undertaken using a quantitative

methodology approach.

The following research aims and objectives will beradsled in this thesis:
1 To carry out a systematic review of published and unpublished data related to the
prevalence of fish, crustacean and mollusc allergy in order to understand the true

prevalence of fish and shellfish allergy.
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1 To describe the clinical characteristics of fesid orshellfish allergic adults in a

UK sample. This will be achieved by addressing the following objectiges:

describe the atopic status, history of allergic disease and characteristics of allergic

participants;to describe the prevalence of fish, crustacean and mollusc allergy and

the common symptoms experiendedhis samplgto examine ceexisting and
cross sensitivity within fish and shellfish allergg;examine otheco-existingfood

and aeroallergn sensitivities; toxamine the level of tolerance timnedfish and

shellfishand the reactivity to airborne traces; and to describe the dietary advice and

medical management strategies adopted by this sample.

1 To investigate how fish and shellfish alig affects thénealth-related quality of

life of adult sufferers in the UK. This will be achieved by addressing the following

objectives: to assess the healthated quality of lifeof adults with a fistand or
shellfish allergy; to compare the heatllated quality of lifeof adults with an early
onset diagnosis with those with a late onsetriags; to compare the healtblated
quality of life of adults recruitedhroughan allergy outpatient clinic with those

recruited through an allergy support cha

1.3  Possible clinical implications

The results of this theseége expected to inform clinical practice further about fish and
shellfish allergy, in particular with regarttsthe phenotype of patierasd the effect on
healthrelated quality of life¢o help to optimise thdiagnosis antbng-termmanagement

of these patients.
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1.4  Thesis layout

Following on from this introductory chapter, chapter two reviews the current literature
relevant to fish and shellfish allergy in order to establish a contettdaesearch
objectives It introduces the topic of food hypersensitivggnerally, the impact dbod
hypersensitivity on healthelated quality of lifeand fish and shellfish allergy specifically.
However, the literature specific to the individualdies of this thesis is further presented

in the respective chapters. The literature review search strategy is detailed in Agpendix

Chapter three presents a quantitative systematic review of the prevalence of fish and
shellfish allergy, according to egregion of the world, and method of diagnosis. A
systematic review methodology allows for accurate information on the prevaleiooel of

allergy. The findings ardiscussed in relation to existing literature on prevalence.

Chapter four presents a quaative crosssectional questionnaire survayhich
investigated the clinical characteristics of adults with adrsth orshellfish allergy in the
UK. Data was analysed and the findirage discussed in relation to existing literature on

the clinical chareteristics of fish and shellfish allergy.

Chapter five investigatethe healthrelated quality of lifeof fish and orshellfish allergic
adults in the UK using the same methodology as the previous chapter, as well as a
validated diseasspecifichealthrelated quality of lifemeasure. Data was analysed and the
findingsare discussed in relation to existing literature on the effdoioof hypersensitivity

on healthrelated quality of lifeand clinical characteristics of fish and shellfish allergy.
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In conclusion, chapter six summses the overall findings of the programmeesfearch

by collating the results of the three studies together. The findings are discussed in the
context of previous literature. It4addresses the principle aim of thesearchwhichwas

to characterise and describe fish and shellfish allergy. To address this broad aim, three
studies were undertaken using a quantitative methodology approach. The implications for
the clinical management of fish and shellfish allergy are disduesse the strengths and

limitations of the research, as well as directions for future research are outlined.
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LITERATURE REVIEW

2.1 Overview

This chapter will review the current literatunedevant to food hypersensitivity, health

related quality of life, and fish and shellfish allergy. The first section introduces the field of
food hypersensitivitgenerally by examining the epidemiology, symptoms, diagnosis, and
management and treatmenhelsecond section introduces the topics of quality of life and
healthrelated quality of life, and a review of the current literature on the impact of food
hypersensitivity on healtrelated quality of life is provided. The third section of this

review gives a detailed overview @fhat is known to date abofish and shellfish allergy.
Literature relevant to the identification of specific allergic proteins, the diagnosis and
management related to this type of food allergy is discuS$edfinal section mvides a

rationale for this programmnaf research and details the aims and objectives.

2.2  Food Hypersensitivity

2.2.1 Definition and epidemiology

The World Allergy Organisation proposes the overall term of food hypersensitivity (FHS),
and that the term @ allergy should only be used when immunologic mechanisms have
been demonstratédohansson et al., 2004o00od allergy is commonly mediated &yIgE
antibody to specific food proteins (lgiediated food allergy) but other immunological
pathways can also be implicated (AgE-mediated food allergy). Abther adverse

reactions tdood should be referred to aen-allergic food hypersensitivity. Often in
prevalence studies it is unclear which different phenotypes of FHS is being studtest, fu

making comparisons andhderstanding of the accurate preveleratedifficult.
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FHSaffects all ages and can result in severe reactions including anaphylaxis. There is
currently no cure anthereforeFHS is managed by allergen avoidance and the

management of symptoms due to accidental exposureexgotprevalere of food

allergy isunknown but idelieved to affect more than2Ps but less than 10% of the
population(Chafen et al., 2010}t has been suggested that the prevalence of FHS has
increased in recent yegillen & Koplin, 2012; Sicherer, 201 )epresenting a substantial
burden to healthcare systems and sod@typta, Sheikh, Strachan, & Anderson, 20@4)

review by Miles, Fordham, Mills, Valovirta, & Mugfor@005)describes the cost of FHS

under three categories: direct costs, including the use of emergency services, appointment
with medical professionals, medicatidrgspitalisationdiagnostic testing, therapy and

allergen avoidancemeasus , f or exampl e purchasing exc
product; indirect costs arising due to the presence of an allergy, for example days off sick
or loss of employment or education opportunities; and intangible costs, including
detrimentaleffe@ on t he i ndividual sé quality of
(NHS) costs due to allergic disease are thought to be over one billion pounds per annum
(Gupta, Sheikh, Strachan, & Anderson, 2004 Xhe Unites States estimatg#ghe direct

health care cost of food allergic reaction are close to $300 m{fatel, Holdford,

Edwards, & Carroll, 2011}t is therdéore clear that FHS representsignificant health

care problem.

Any food can trigger an allergic reaction but the majority of reactions are caused by one of
the major food allergens: peantrige nuf egg, milk, fish, crustacean shellfish, wheat and

soy. Furthermore, celery, mustard, sesame, lupine and molluscan shellfish are major
allergens in EuropéBoyce et al., 2010; Burks et al., 201Zhe food allergens oecnmonly

proteins, are recognised by allerggrecific immune cells and cause specific
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immunological reactions, this can be the case not only after ingestion but also if the
allergen is inhaled. Cross reactivity occurs when an allasjemmologous with a
different allergen, although clinical cross reactivity is variable, with cross reactivity

between crustacean species being the most cor(iBuoks et al., 2012)

The most cited FH@revalencestudy(Bock, 1987yecruited a birth cohort from a private
practice clinic in Colorado in 1980. A total of 480 children (from an initial 501) took part

in thethreeyearstudy. This study used mg methods which are crucial in the diagnosis

of food allergy including questionnaires completed by parents to identify possible food
hypersensitivity, followed by open food challenges or dobhled placebecontrolled

food challenges. Adverse reactions to foods, other than fruit juices, were reported in 28%
of children but in only 8% were these reactions reproducible by method of food challenge.
It is not known though how many of these reactions werenigHiated, as information is

not provided on the length of time after feeding and the onset of symptoms. lorgdioé
children may not have yet been exposed to some foods and thus these figures may not

include undiagnosed food allergies.

A cohort study carried out on the Isle of Wight was able to compare UK food allergy
prevalence rates for children based oarofpod challenges and a good clinical history
with those identified by Bockl987) showing no significant difference in food allergy
prevalence over a 20 year perienter et al., 2008 However hospital admission due to
systemic allergic reactions hattreased between 1990 and 2QGipta, Sheikh,
Strachan, & Anderson, 200Wjth a #fold increase from 1992 to 2012 in England and
Wales for admission due to anaphylaiisirner et al., 2014)This observed increase may

be due to a true increase in FHS or a change in health care provider and patient lsehaviour

10
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(Turner et al., 2014 Prevalence data from developing countries and emerging economies
is far more limited compared to Western countries but the assumption is that prevalence is
lower (Boye, 2012) It is vital that the management of FHS is considered at a global level
and particular consideration is needed in the developing world where malnutrition already
poses a significant challenge and food aid provided is frequaattie up oEommon

allergengpeanut, milk, eggs, soya, fish, wheat).

Accurate national and international data on the prevalence of FHS is a useful measure of
the burden of the disease in a community, which is valuable for the provision and planning
of allergy services and informingplicy, such as European labelling laws and allergy
prevention guidelineSkypala & Venter, 2009)NVe see similarities in the noa allergens

that are associated with FHS however the clinical spectrum and characteristics of food
allergies often depend on the geographical region, pattern of consumption, and
environmental exposuréBalal et al., 2002; Hill eal., 1997)and so it is important when

trying tocomprehengbrevalence to include data from all countries. Two types of studies
can beutilised when obtaining prevalence data. First, cohort stut@ash involve the

selection of exposed and non exposed individaala,defined population before

individuals become exposed, and follow up both to compare the incidence of disease as
well as to establish temporal relationships. Secondly, @®s$sonal studies, which take a
snapshot of a defined population at a certiane point and determine exposure and

disease outcomes simultaneously; this is the most common design for obtaining prevalence
data, however they give no indication of duration of disease nor represents the general
population due to selection biéSordis, 2008) It is important thapopulation studies

represent the wider population, as enriched@es (for example, using asthmatic

individuals or individuals attending an allergy outpatient clinic) may be misleading and

11
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overestimate the true prevalence of FHS in the general population. In order to accurately
and meaningfully collate all of the ekizg availableprevalence data a systematic review

methodology is the best approach.

2.2.2 Symptoms

IgE-mediated reactions are characterised by the acute onset of symptoms (geitérally w
two hours after ingestion @xposure) and can involve thkin, gastrointestinal and
respiratory tracts. Symptoms affecting the skin include urticaria, angioedema, erythema
and puritus, gastrointestinal tract symptoms include vomitimgrhoeaand abdominal
pain,and respiratoryract symptoms include cough, hoars&cepwheeze, stridor,
respiratory distress and nasal congestide circulatory system can also be implicated
causing hypotension and collag8airks et al., 2012)Severggeneralisedeactions are

called anaphylaxisThe factors most commonly associated with fatal foatliced
anaphylaxis area reaction to peanuts or treets,delayed treatment with epinephrine,
teenagers and young adults with a history of astlamd multiple food allergie@Bock,
MunozFurlong, & Sampson, 2001; Pumphrey & Gowland, 200f§re are a wide range

of non-IgE mediated food allerggymptoms which can affect the gastrointestinal tract,
skin and respiratory tract, including but not limiteditarrhoeaconstipation, abdominal
discomfort, vomiting, pruritus, erythema, atopic eczcemala 6 cat arr hal 6 ai
but the main characteristic is the delay in symptoms (usually several hours) following

ingestion of the allergefVenter, Brown, Shah, Walsh, & Fox, 2013)

2.2.3 Diagnosis

Taking an allergy-focusedhistory forms the basis of diagnosis for all types of adverse
reactions to foodsand & accurate history candicate to the clinician further diagnostic
tests to be carried out, whether a food and symptom diary would be useful, which foods

should be avoided in the diet, and whether a food challenge or a grach@dation of the

12
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food is requiredSkypala & Venter, 2009; Skypala et 2015) For IgEmediated food
allergies additioal testing for the presence of speci§& (SIgE)is required. Sk prick

tess (SPT), which measurddk attached to mast cells the skin, and serumigE tests,
which meaare levels of circulating I§E to allergens in the blood, are both useful in the
diagnosis of IgEmediated food allergy. However, caution shouldipplied to the results

as the presence of IgE in the skin or blood give only an indication that an individual is
sensitised to an allergen, not necessarily indicating a clinical a(lBrgys et al., 2012)in
addition both tests, although scientifigalalid, lack standardisatioit.has been suggested
that a positive SPT indicas with 50% positive predictive accuracy a true-igédiated
allergy to the foogdhowevera SPT result below the coff point combined with a good
clinical history does not rule out allergy altogether and further diagnostic tests would be
neededSkypala & Venter, 2009)As a general rulehe higher the level ofI§E in the

blood the more likely the presence of an alletgyweve, as with SPT, cut off points used
in serum SgE tests should be used only as a guideline for diagnosis. Diagnosis-lgiEhon
mediated food allergies is reliant on elimination and reintroduction of the suspected food
as there are no validated laboratasts at presenitopy patch testing is not
recommended for the diagnosis of an-lgEdiated allergy, but it may be a usefully
diagnostic tool for testing for-€ell mediated immune responses (figB-mediated)

(Boyce et al., 2010)

The accepted gold standard in objectively diagnosing food hypersensitivity is the oral food
challenge and in particular tlieubleblind placebecontrolled food challengedBPCFQ.

The open food challenge (OFC) is often the challenge of choice in most cases in a clinical
setting, and is useful when refuting the diagnosis of a food allergy where the food is not

likely to cause allergic redons. But research has shown that OFC yields 27% more

13
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positive challenges than DBPCKZenter et al., 2007Venter et al(2007)suggest the
OFC is suitable fodiagnosing immediate objective symptoms, thiatthe DBPCFC may
be needed for the diagnosis of delayed subjective symptoms. DBPCFC is regarded
universally as the gold standard for diagnosing food allergy because ingsnssed
(BindslewJensen et al., 2004)ut due to its labodintensive nature, lack of available
blinding recipes and uniform protocols it is sparsely ugegystematic review of
diagnostic methods for FHS recommends that SBiiym SigEand food challenges all
play an important role with no one test having sufficient ease of use, sensitivity or

specificity to be recommended for sole ¢Skafen et al., 2010)

Many people consider themselves to be giteor intolerant to a food but in the majority

of cases this will not be confirmed by appropriate tests. Some of these individuals will
experience lifehreatening adverse reactions causing a huge impact on their quality of life,
as avoidance is crucia preventing severe symptoms. For others such strict avoidance
strategies may not ladinically necessary but nonetheless impairment on quality of life

may exist. False negative diagnosis can lead to ongoing symptoms and the risk of further
severe reactiswhereas false positive diagnosis can lead to unnecessary restrictions on
lifestyle andthe avoidance of nutrients. Explanations for the misreportirfgHs through
selfreports include the inability to distinguish between a food intolerance and allergy,
incorrectly associating symptoms of allergic reactions to a, faod not being able to

report allergic status to foods not yet introduced into the diet, as with ififdhés &

Koplin, 2012)

2.2.4 Management and treatment
At present there is no cure available for FHS and so management of this disease is based

solely on the avoidance of allergens from the individuals diet and the prompt

14
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administration of medications ihe case of a reaction; antihistamines and epinephrine in
the case of anaphylaxis. There are some novel treatments for the treatment of FHS which
although are not routine practice, do yield promising results @ athy of further

study(de Silva et al., 2014Yhese mclude but are not limited tammunotherapy

monoclonal antigE antibodies, traditional Chinese medicine and probi¢Nosvak-

Wegrzyn, 2003)A suspected Iginediated allergy should be managed by the elimination
of the suspected allergen from the diet, followed by SPTsarum SlgHEests and where
possible food challenges, carried out in a clinical setting and in the case of a suspected
nonlgE-mediated allergy, there should be a trial elimination perioddi2eks followed

by a planned reintroductiqiVenter, Brown, Shah, Walsh, & Fox, 2013he diagnosis,
prognoss and knowledge of allergy resolution are all key components in the management
of FHS, with the ultimate goal to reduce the number of f@iisgexcluded from the

i ndividual 6s di et t (Sawgd) Richdres, & 8Vood,206)unt n e

2.3  Health-related quality of life

Health is a dynamic, multifactor phenomena which influences physical, psychological and
social functioning and it is now recognised that outcome measures that reflect patient
perspectives, such as quality of life (QOL), are important for evideased dasion

making in clinical practic€DunnGalvin,Dubois, Flokstrade Blok, & Hourihane, 2015)
Furthermore, because of improved treatments and prevention, healthcare is now focused
more on chronic as opposed to acute disease and therefore the management of chronic
disease is a major concern. Healtmisre than physical welbeing and interestingly

di sease severity is not always correlate:i
(Bowling, 2001) Similarly, physiological measurémve been shown to Ip@or predictors

of QOL, with many people with serious and persistent disabilities repergogpd or
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excellent quality of life; this is known as the disability para@fiorecht & Devlieger,

1999) The ever growing importance of how patients feel, how satisfied they are with
healthcare treatment and of disease outcomes can be seen in the increase®use of Q
measures of disease in assessment of the quality of services, healthcaeffertr@ness
and cost utility; finded trials are now frequently required to include QOL as an outcome

measurgOgden, 2012)

Theterm healthrelated quality of life (HRQL) refers to the individuals QOL related to

their health or treatment. While there is some disagreement on a single definition, there is
consensus that the multidimensional nature of HRQL includes emotional wellbeing
psychological wellbeing, social wellbeing and roles, and physical health and functioning
(Bowling, 2003) The measurement of HRQL provides a subjective dimension to health
status assessment however QOL often means different things to different people as
individuals value different areas of their life greater than others. In additiera dynamic
construct and therefore a patientods atti!
change through psychological phenomena such as adaptation, coping or expectations
(Allison, Locker, & Feine, 1997)There are an infinite number of factors which could
contribute to an individual 6s HRQL, howe"
domains; physical (sefated health status, disability or ability to perform daily activities),
emotional (anxiety, depssions and cognitive indicators), and social (personal and wider
social capital, social support and social activit@swling, 2001; De Geest & Moons,

2000; Mandzuk & McMillan, 2005; Testa & Simonson, 1996)

HRQL can be measured by a number of different instruments. Generic HRQL instruments

are interested in the way illnesses and treatments affect general QOL and are not specific
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to any one disease. This type of measure is useful when looking to maar=ams

between the HRQL of individuaisith differenthealthconditions however this

generaliability means that they are not sensitive to particular ways in which specific
diseases affect HRQ(Bowling, 2001) Alternatively diseasspecific HRQL instruments
focus on the ways in which a particular diseagy affect HRQL by measuring domains

that are particularly important for a certain patient group. These measures are able to
capture small changes in HRQL as a result of clinical and therapeutic treatments and are
more clinically relevan{(Bowling, 2001) One argument which exists in HRQL literature is
that the domains of a HRQL instrument should not be determined by a researcher, but by
the patients themselves; this is known as a individualised measure and it allows the
individual to choose and rate domains of importance to their own HRigkey et al.,

1996) This type of measure yields high validity and is useful for clinical aetimaking,

but thismeasure is not appropriate for use in a research setting as patients rate their HRQL
on different domains which prevents comparisons between indivilalksd-Dauphinee,

1999)

2.3.1 Impact of FHS on healtrelated quality of life

Due to the current lack of cure or treatment for FHS it can be considered a chronic
condition. Indeed, Higginson & @a(2001)comment that HRQL is of particular

importance as an outcome measure for chronic and progressive ilinesses, where the
management of the disease and associated symptoms are the priority. Furthermore,
physiological measures of FHS, such as the frequen®actions, do not successfully
measure how well the condition is managed due to the possibility of accidental ingestion
(Bock & Atkins, 1989; Ewan & Clark, 200Bnd symptoms have been shown to be a poor
measure of HRQI(Salvilla et al., 2014)Stressors associated with FHS which have been

shown to affect HRQL includallergenlabeling,autainjector use, diagnosis, transition
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periods, and lack of awareness in social setfipgsinGalvin, Dubois, Flokstrde Blok,

& Hourihane, 2015)In addition, the strict avoidance and vigilance whiclsgeatial in
managing FHS often has a negaé@ilseta, 200Mpact
There is also further arety related to the burden of managing severe reactions, such as

the administration of adrenaliri®onks et al., 2010)

To identify the currentgps in the literature it is important to first review what we do know
with regards to the effect of FHS on HRQL. Several studies have examined the HRQL of
children with FHS in comparison with other groups of children. These studies have used
two generic HRQL measures; the Child Health Questionnaitarent Form is a 50 item

and 28 item consisting of 13 scales measuring different aspects of (H@t,

Botterweck, Landgraf, Hoogeveen, & Essii&t, 2005)and the Impact on Family
Questionnaire (completed by parents) measures the impact of an illness on the family and
consists of four domains (familial/social, personal strain, financial burden, and mastery)

(Stein & Riessman, 1980)

Using the Child Health Questionnaae a measure, parents of children with FHS rated

their children as having significantly worse general theedmpared to other children from
the US. I n addition the parents experien
health and perceived more interruption to family activifi&sherer, Noone, & Munez

Furlong, 2001)In another study wbh used the same measure, parents of children with

FHS felt their children were significantly more limited in physical activities, there was a
significantly greater impact of emotional, behavioural and physical problems on
schoolwork and peer relationskjexperienced significantly more bodily pain, and

significantly poorer mental health, compared with parents of children with no allergic
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disease. Compared with parents of children with allergic disease (but no FHS) the parents
rated their children as sigicantly more limited in physical activities, significantly greater
impact of emotional, behavioural and physical problems on schoolwork and peer
relationships, and having significantly worse general hé@gtblom, Egmar, Gardulf,

Lilja, & Wickman, 2008) Smilarly compared to parents of children with allergic disease
(but no FHS), parents reported their chil
(physical functioning, roksocial limitations, bodily pain, general health), significantly

greater impact on ghparents own emotional wddeing and demands on their time, and
significantly greater restrictions on family activiti@darklund, Ahlstedt, & Nodstrom,

2006) Using the Impact on Family Questionnajparents of children with a peanut allergy
reported significantly more disruption ¢t
family social life compared witparents othildren with rheumimlogical disease.

However the financial burden was lesser for those with peanut allergy and there was no
difference seen in personal strain and coping strat@@reaeau et al., 2000Laution

should be applied to the findings of the above studies for two main reasons. Firstly the
evaluation of HRQL has been made by the parent and evidence silggeptsents are
often poor r at er (isey & Mdrsh, 2001)Seamdly thelusesof theR Q L
generic measures may not be valid as they are primarily concerned with the impact the
disease has on the famibnd where this may play some rolésinot a direct measure of

HRQL.

Using a diseasspecific measure, the HRQL of peanut allergic children was found to be
significantly impaired when compared to diabetldren with peanut allergic children
scoring lower on QOL, having higher levelsawixiety, being more afraid of accidental

ingestion than a diabetic ofrgpoglycemicepisode, felt they had a higher risk of reaction,
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felt more strongly that they had to be careful about what they ate and higher anxiety
around holidays and birthdagavery, King, Knight, & Hourihane2003) A limitation of
this study is that the use of a diseapecific measure may not be cormradae for two

distinct disease$pod allergy and diabetes.

With regards to teenagers, females with FHS experience more bodily pain, worse level of
generahealth and are less able to take part in social activities than females with allergic
conditions (no FHS). Males with FHS scored lower on social functioning than males with
allergic conditions (no FHS), which suggests a differing experience accordjegder
(Marklund, Ahlstedt, & Nordstrom, 2004J his study reports seteported FHS

prevalence at 19%, which is much higher than prevalence studies would suggest for a
similar population (2.3%Pereira et al., 200g)however of note no significant difference

was faund in the scores between those individuals with and without a clinician diagnosis
and so it appears that there is no impact on FHS from a diagnosis of FHS. When
comparing the HRQL of individuals with FHS with the general population it was found
that childen and adolescents with FHS report fewer limitations in school work or activities
with friends due to behavioral problems than children and adolescents from the general
population, however adolescents and adults report more limitations due to pain, a more
impaired perception of overall health, more limitations in social activities and a lower
degree of vitality and liveliness than adolescents and adults of the general population
(DunnGalvin, Dubois, Flokstrde Blok, & Hourihane, 2015)Furthermore food allergic
children score significantly higher on refienctioningbehaviour than children from the
general population suggesting a better HRQL, teenagers with FHS scored significantly
higher on rolefunctioningbehaviour but lower on bodily pain and general health than

adolescents from the general population, and adults with FHS had lower scores on social
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functioning, vitality and general health than the general population suggesting a poorer

HRQL (B.M. Flokstrade Blok et al., 2010)

In summary, the HRQL of children and teenagers with FHS has been widely studied and
shown tohave a negative affect on overall HRQL as well as sub group dorDesisite
the large body of research in children and adolescents, only a few studies in adults have sc

far been published, and even fewer of these use dispasdic measures to asseRGL.

It has been researched how FHS compares with other chronic diseases with regards to
HRQL. Primeau et a{2000)examined the impact of FHS (specifically peanut allergy) on
the HRQL of adults compared with those with rheumatological disease, using the Impact
on Family Questionnaire (IFQ) measure. They found that peanut allergic adults
experiencd less familial/social disruption, less personal strain, and less financial burden
than adults with rheumatological disease. Peanut allergic adults also scored higher on the
mastery subscale which suggests that they developed less effective coping sidlisape
their FHS. A previously mentioned,lamitation of this study however is that thapact

on Family Questionnairis not a reliable measure of HRQL as it is primarily concerned
with the impact of an illness on the family rather than the individonaddition this study
focused on peanut allergy only and so it is not known to extant the results are
generaliable to other types of FHS. A more recent study compared the impact of FHS on
HRQL of adults, with the impact of other chronic conditiosgg a genéct HRQL

measure (RANEB6). Thefindings suggest that adults with FHS indicated: poorer HRQL
compared to diabetic adults on rdéienctioningphysical, vitality, bodily pain and general
health; better HRQL than asthma on all scales except hieyath; better HRQL than

rheumatoid arthritis on 6 scales; and better HRQL than irritable bowel syndrome on all
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scaleqB.M. Flokstrade Blok et al., 2010)These findings suggest that HRQL is more
impaired inindividuals withFHS than diabetes, but less so than other chronic conditions

such as asthma, rheumatoid arthritis and irritable bowel syndrome.

Some researdhas also looked at specific factors affecting HRQL of individuals with FHS.
One study used a validated diseapecific measure of HRQL @edAllergy Quality of

Life QuestionnaireAdult Form) to investigate Swedish adults who were allergic to so
caledb st aple foods6é6 (cowbs milk, egg or whe
due to following a restriction/elimination diet, the presence of other allergic diseases
(especially if asthma was present), and the severity of allergy (defined by piresasi
epinephrine auto injectors) were all important factors which had a negative effect on
HRQL (Jansson et al., 2013)he mean HRQL score was 4.85 which indicates poor

HRQL (based on a-pgoint scalevhere 1 is the highest HRQL and 7 is the lowest HRQL),
and no significant differenogasseen between males and females. A qualitative study
carried out in adults in New Zealand sought to use qualitative methods to gaidegihn
understanding of the iges impacting on the HRQL of this age gr¢gBeniamina, Bremer,
Conner, & Mirosa, 2014)There were three key themes which emerged from the focus
groups: issues related to living with a food allergy (alletfyea eating issues, health care
system isues, costs of having a food allergy, and effects onbeatlg), external

influences (others lack of awareness, and others attitudes), and internal influences
(personal growth and adaptation). The authors conclude that the unmet needs of this age
group leads to risk taking, increased stress and social isolation, and they propose that
interventions which target public awareness of F&tSwvell as the teaching of

assertiveness arwtganisatiorskills for allergic adults would be beneficial.
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As part of theEuroPrevall projecta multicentre birth cohort study involving nine
European countriespotential factors which may predict the HRQL of adults with FHS
were investigate@SalehLangenberg et al., 2015)he prediction model accounted for

62% of the variance in HRQL and the factors that had a significant contribution to this
variance were: perceived disease seygtype of symptoms, and gender (with women
most affected). Of interest, the study also found having a fish or milk allergy had a
significant and unique contribution to this variance which illustrates that HRQL in FHS
may be affected by the offending afjen. However the study does not explore reasons for
this and so subsequent research is needed to explore this finding further. Interestingly,
Goossens et a2011)report a significantly greater impairment in HRQL in American
adults when compared to Dutch adults, which suggests that cultural differences, such as

diet, knowledge, attitudes and beliafisay also be factors which affect HRQL.

In summary, as FHS is a chronic condition and one that requires constant vigilance it is

I mportant to |l ook at the i mparormatohe di s e:
HRQL is of use in healthcare planniagd food safety assessment to ensure effective
support to the allergic individual in managing their condinM. Flokstrade Blok et
al.,2007) Current | iterature suggests that FHS
HRQL, however there amelatively few studies to date which have explored this in an

adult population. Moreoveeven less is known about potential factors which may predict a
better or poorer HRQL with one study suggesting that the impact of allergies to specific
foods may difér to that of other food$SalehRLangenberg et al., 2015)his would suggest

that the burden of disease is digportionate. It is thought that some allergens may be

easier to avoid than others, in addition allergies to certain foods commonly develop in

childhood while others are not seen until later on in life, and so it is of interest to see
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whether these factoay a role in HRQL; currently there is a lack of research to answer
these questions. The results of such stu

are likely to be different needs and risks dependent upon the diagnosis of type of FHS.

24  Fish and shellfish allergy

Edible seafood (fish or shellfish that comes from the sea) can be characterised into three
phyla: Mollusca, Arthropoda and Chord#tzhrer, Ayuso, & Reese, 200@)able 2.1).
Seafood is an important s@erof nutrients in the diet, with white fish containing protein,
iodine, calcium, phosphorus, fluoride, fatty fish containing fat, vitamins A and D, and
omegag3 fatty acids, and shellfish having similar nutrient properties to white fish as well as

selenium zinc, iodine and copper (present in crab and musd&siter & Meyer, 2010)
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Table 2.1 Classification of seafood specsge
Phylum Class Species
Mollusca Gastropoda Abalone (perlemoen), Snalils,
Alikreukel
Bivalvia Mussles, Oysters, Clams, Scallo|
Arthropoda Cephalopods Squids (Calamari), Octopus,
Scallop
Crustaceans Lobsters, Shrimp, Prawn, Crayfis

Chordata (fish)

Chrondrichthyes (cartilaginious
fish)

- Lamniformes

Osteichthyes (bony fish)

- Cardiformes

- Salmoniformes

- Perciformes

- Pleurenectiformes

(freshwater), CraliRock Lobster
(Kreef)

Sharks, Rays, Skates

Cod, Haddock, Hake

Trout, Salmon, Pike
SnapperMackerel, Tuna, Bonito,
Grouper

Sole, Flounder, Halibut, Plaice

Fish, crustacean and molluscs constitute three out of the 14 major allergens identified as

important by the European Union and, accordingly, covered by legistatitite provision

of food information to consume(Regulation (EU) No 1169/2011)Vide variations of

seafood have reportedly triggered adverse reactmveever the offending species

causing symptoms usually reflect the local and national availability and consumption
patterns. For example, in the UK cod, tuna, salmon, trout, plaice and pollock are often
reported as causes of adverse reaciiSkgpala & Venter, 2009)hereas case reports

from around the world include reactions to whelk, sea urchin, roe and boiled razor shell
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(Choi et al., 2009; Marth@arcia et al., 2007; Yoneyama & Ono, 200%(Jlverse reactions
to seafoodnclude both IgEmediated and nelgE mediated allergic responses as well as

nonallergic reactions.

IgE-mediatedreactions are triggered by ingestion and include symptoms from mild
urticaria to severe and potentially fatal anaphyl@&mck, MunozFurlong, & Sampson,
2001) Indeed, IgEmediated reactions to fish, crustaceans and molluscs ardragleadse
of anaphylaxigSampson, 2003nd in the UK seafood allergens are the cause of 8% of
fatal anaphylaxigPumphrey, 2000)n addition, IgEmediated allergic reactionas well
asother allergic diseases such as asthma, urticaria and contact derozatiatso be
triggered by occupational exposure through skin contact and the inhalation of seafood
vapourgLopata & Jeebhay, 2013)ypically allergic reactions to seafood are immediate
i.e. related to an IgE response, and are not normally implicated in delayed reactions
(Skypala & Venter, 2009 Although less common and not well described in the current
literature, especially in adults, allergic reactions may belgBmmediatedand these
usually involve severe symptonfer example, food proteimduced enterocolitis
syndrome (FPIES) to mollus¢Bernandes, Boyle, Gore, Simpson, & Custovic, 2@12)

shrimp(Gleich, Sebastian, Firszt, & Wagner, 2016)

The most common neallergic reactions are caused by Anisakis simplex (including the
larvae), which is a nematode fish parasite that may infect humans and cause allergic
reactions ranging from urticaria to anaphylactic shock; other common toxic syndromes
associated with the consuyation of seafood are listed irable 2.2(Chegini & Metcalfe,

2005)
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Type of poisoning

Type of toxins

Source

Symptom onset

Clinical syndrome

Scromboid Histamine
Ciguatera Ciguatoxins
Puffer fish Tetradotoxin
poisoning

Paralytic shellfish ~ Saxitoxins

Amnesic shellfish Domoic acid

Tuna, mahimahi,
bonita, marlin,
bluefish, wahoo,

mackerel, salmon

Coral reef fish:
amberjack,
snappers, grouper,
goat fish,
barracuda, sea
bass, wirgeon fish,
ulua, papio

Ocean sunfishes,
porcuoine fishes,

fugu

Mussels, clams,

oysters

Mussels, clams,

crabs, anchovies

Minutes to 4 hours

30 minutes to 4

hours

10-45 minutes

5-30 minutes

15 minutes to 38

hours

Severe headache,
dizziness, nausea,
vomiting, flushed
skin, palpitations
wheezing
Abdominal pain,
diarrhoea
vomiting,
paraesthesias, cold
to-hot sensory
reversal, weakness
myalgias
Pawesthesias,
headache,
vomiting,
diaphoresis,
respiratory
paralysis
Vomiting,
diarrhoea
abdominal pain,
myalgias,
paresthesias, ataxii
Vomiting,
diarrhoea
headache,
myoclonus, loss of

short term
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memory, seizures,

coma, hemiparesis

Diarrhetic shellfish Okadaic acid, Mussels, clams, 30 minutes to 6 Diarrhoea nausea,
dinophysistoxins, scallops hours vomiting,
pectenotoxins, abdominal pain
yessotoxin

There seems to be an increased prevalence of fish and shellfish allergy in countries with a
high seafood consumption®uas Australia, Asia and parts of Eurdpdig, Turner, Kemp,

& Campbel| 2011) This is the opposite finding when compared to peanut allergy, where it
is thought that the early and frequent consumption of peaaytactually induce

tolerance, and so a lower prevalence of peanut allergy is seeminieswith a high
consuumptionsuch as IsragDu Toit et al., 2008)In China where fish and shellfish is

widely consumed, the overall prevalence of FHS is 5% and fish antisshate the main
implicating allergengHill et al., 1997) Furthermore, I#ellfish allergy is the most common
trigger of anaphylaxis in Souhast Asia, leng Kong and Taiwa(rhalayasingam et al.,
2015) Fish and crustacean allergy is more common than mollusc allergy, and seafood
allergy is more often seen in adults than child®kypala & Venter, 2009Having said

that the term O6shellfish allergyd in the
although many peoelwith a crustacean allergy also avoidlluscs due to cross

sensitisatiorof allergensthe true existence of mollusc allergy remains unconfirmed
causing uncertainty over the clinical importance of Mollusca shellfish al{@agylor,

2008) Prevalence rates also vary according to the diagnostic methods used to determine
FHS, with selfreported seafood allergy and sensitisation rates much higher than food
challenge proven prevalence. In the UK, sgtioréed fish allergy was as high as 2.9% in

all agegYoung, Stoneham, Petruckevitch, Barton, & Rona, 198wreas food challenge
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proven fish allergy was 0% in six year old&nter et al., 2006)For shellish allergy, the
highest self reported crustacean allergy prevalence in the UK was 0.7% in 11 and 15 year
olds(Pereira et al., 200%)owever due to the lack of food challenge data for either
crustacean or molluscs, this pagence could not be confirmed. To ddtere areno

studies in the UK which have examined the challdmgged prevalence of fish and

shellfish allergy in adults.

In the UK the National Diet and Nutrition Survey collected seday dietary records from
1724 participants in 2006 and found the mean daibke (g/day) in adults for fish, fish
products, crustaceans and molluscs was 22.1, 1.7, 2.6 and 0.5 respectively. To put this
consumption into context with regards to other European couritreesange of
consumption across Europe was found to be 45318 for fish, 0.6 to 5.3 for fish

products, 0.6 to 5.2 for crustaceans, and 0.1 to 12.0 for mo(lEBE&A NDA Panel,

2014) This therefore demonstrates that the UK has neither the lowest nor highest
consumption of seafoaghd thus there is no reason to suspect that the characteristics of
fish and shellfish allergy may be different in the UK compared to other European
countres. To provide further detail able 2.3 illustrates the contribution of different
species of seafodd the consumption in the UK. From this, it can be seen that white fish
(cod and whiting) is the most commonly consumed fish and prawns and squid are the most

commonly consumed shellfish in the UK.
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Table 2.3 Contribution of different species to theconsumption of seafood in the
UK in adults®

Fish (%) Crustacean (%) Mollusc (%)
Anchovy 14 Crab 14 Clam 1
Bass <0.5 Crayfish 6 Cockle 11
Cod and 31 Lobster 2 Mussel 32
whiting
Eels <0.5 Prawn 77 Oyster 6
Halibut <0.5 Shrimp 1 Scallop 10
Herring 2 Squid 32
Lophiiformes <0.5 Whelk 7
Mackerel 4
Plaice 3

Salmon/ trout 19

Sardine/ 4
pilchard

Sole 1
Tuna 21

In summary, a wide variation of fish and shellfish speare&known to trigger allergic

reactions, however there is usually some pattern depending on the local diet and
availability of fish and shellfisspeciesThe prevalence is believed to be higher in

countries with a high consumption of fish and shellfish @agtions are typically IgE

mediated, and are quick on onset and potentially severe. Furthermore, reactions to fish anc
shellfish can be triggered by ingestion, as well as through inhalation of vapours, thus
making it a difficult allergen to avoid. As welk IgEmediated reactions, a few case

reports have indicated that fish and shellfish may be implicated in FPIES, although this

! Only species with at least 1% consumption in at least two countries or with at least 2% consumption in one
country are shown.
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requires further study. The main difficulty when diagimg this type of food allergg the
frequency of norallergic toxininduced diseases and so it is ever more vital for the

clinician to take a full detailed medical history. The consumption of fish and shellfish in

the UK falls in neither the highest or lowest ranges and so the results of a study carried out
in the UK would beexpected to be generalisable to other European courithes.

following sections will review the current knowledge of the main implicating allergens in

fish and shellfish species.

2.4.1 Fish allergens

Parvalbumins are recognised to be the major and-ceas$ing allergenic proteins found

in several fish species (including fresh and salt water types); over 95% of fish allergic
individuals have IgE antibodies to parvalbumide Martino et al., 1990; Kuehn,
Scheuermann, Hilger, & Hentges, 201Barvalbumins are resistant to denaturation by
heat, chemicals ancheymatic digestiofiKuehn, Scheuermann, Hilger, & Hentges, 2010)
and hey are distributed idely in the white muscle of fisfKobayashi et al., 2006yVhile
parvalbumin is also present in the dark muscle, this muscle has been found to be much les
allergenic than the white muscle due to the lower levels of parvalbumin present
(Kobayashi et al., 2006Cod hypersesitivity has been extensively studied and the major
parvalbumin Gad cl isolated and character{ge & Elsayed, 1969)Jsing Gad cl as a
comparison, Van DdElsayed, Florvaag, Hordvik, & Endres@005)studied the cross
reactivty of nine commonly consued fish and found salmon (Sal s1), pollock (Thg c
herring and wolfish to have similar antigenic and gkeric determinants to cod (Gatl)c
whereas halibut, flounder, tuna and mackerel displayed the lowest cross reactivity
suggesting some tolerance may be possible to the latter. Howess,studies were done
in vitro andthis has not beestudied at a clinical level which makes the practical

management of fish allergy very difficult. Furthermore, in raw fish parvalbuswild
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were found to decrease significantly in the following order: herring, carp, redfish,
salmonl/trout, cod, mackerel and tuKaiehn, Scheuermann, Hilger, & Hentges, 2010)
Identifying these potentially lower allergenic spesesild helpto clarify the specific

species fish allergic patients may or may not be able to tolerate. Given #xddjtion to

the complex dietary management needed to avoid all fish species, individuals doing so are
also abstaining from important nutrients (i.e. iodine, omega 3 in fatty fish, vitamin D,

iron). The inclusion of some fish specesuld be hugely benefal for fish allergic

patients.

It is now widely recognised that other allergenic proteins may also play a role in adverse
allergic reactions to fishAn early study on codfish allergy in adults indicates the presence
of both general and specispecific allergenic proteinfHansen & BindsleMensen, 1992)

For example, fish enolases and aldolases have been shown to be allergenic proteins of
importance in fish adlrgy, in particular in thos@dividualswith an absence of

sensitisatiorio parvalbuminKuehn et al., 2013)}urthermore allergic individuals who are
sensitisedo tropical fish species react sity to allergenic proteins other than
parvalbumingKuehn et al., 2014}t is believed that fish allergic patients have a leslel

of 50% of experiencing cross reactions to other spégieberer & Sampson, 2010)

however monasensitivity to specific fish, such as cod, nile perch and mackerel have been
described in patients who asensitisedo enolases and aldolases but not parvalbumin
(Kuehn et al., 2014)n addition, fish collagen has been foundbéoa highly cresreactive
panallergen which ief particular importance in countries such as Japan, where the
consumption of raw fish in the form of sashimi or sushi is com{Kobayashi et al.,

2016) The cooking pocess denatures collagen to form gelatin which is water soluble,

easily digested and previously shown to be of little cause for concern with regards to
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allergy(Andre, Cavagna, & Andre, 2003; Hansen et al., 200d)\ever collagen in raw

fish is water insoluble. Kobayashi et @016)found 50% of patients with a fish allergy

had IgE against mackerel collagen, compaoeti4% who had IgE against mackerel
parvalbuminThe findings of this study suggehat in this population, fish collagen is as
important as parvalbumin as an allergenic protein and warrants further research to identify
fish collagen allergens, particulabecause diets are becoming more variedaaad

consumed in nomative countries.

In summary, parvalbumins are understood to be the main allergenic proteins that are
present, albeit in varying amounts, in many fish species and so becausegfishthitergic
individuals are advised to avoid all types. At present we hianted knowledge on the
presence of other allergenic prote{aflolases, enolases, collageany which species may

be less allergenic and therefore safe to consume.

2.4.2 Crugacean and mollusc allergens

The major allergenic protein of crustacean and mollusca shellfish is tropomyosin.
Tropomyosin is water soluble and heat stable. This is illustrated by the detectable trace of
tropomyosin found in water used to boil shrinfpaul, Slattery, Reese, & Lehrer, 1994)
Tropomyosin was first identified as the major allergen from gh(Daul, Slattery, Reese,

& Lehrer 1994; Shanti, Martin, Nagpal, Metfe, & Rao, 1993however tropomyosin has
since been identified in other crustaceanslluscs, as well alsouse dust nte, insects

such as cockroachéReese, Ayuso, & Lehrer, 1999 addtion, other allergenic proteins

may play a role in crustacean shellfish allergy, for example arginine kinase in red and blue
crab, myosin light chain and sarcoplasmic calchinding proteinLopata,O'hehir, &

Lehrer, 2010; Misnan, Murad, Yadzir, & Abdullah, 2012; Shiomi, Sato, Hamamoto, Mita,
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& Shimakura, 2008)The clinical significance of these allergens is however not yet fully

known(Taylor, 2008)

Molecular comparisons of tropomyosin from different crustacean species show high
homologies (similar characteristics due to relatedness) of up to 98%. The homology
between the tropomyosin allergenic proteins in molluscfsteBupports the
recommendation to avoid all molluscs; within the entire mollusca shellfish grouping
(which includes cephalopods, bivalves and gastropod species) amino acid sequence
identities for tropomyosin range from 68% to 100Paylor, 2008) The homology

between crustacean and mollusca tropomyosin is lower at 56% tQL@&&YGerez, Shek,

& Lee, 2012) In addition, the molecular homology between shellfish tropomyosin equates
to high levels of IgE crossersitivity. This IgE crossensitivityforms the basis of the
clinical argument for shellfish allergic individuals to avoid all species in the absence of
evidence of tolerand@sabauri et al., 2012)However, IgE crossensitivitymay not

equate to clinical cros®activity. Indeed, Sherer, Munoz~urlong, & Sampsof2004)
report that only 38% and 49% of crustacean and mollusc allergic individuals reported
being allergic to more than one species, which would suggest that clinical cross reactivity
is not directly correlated with IgE crasensitivity Vidal et al.(2015)studied the
sensitisation pattern of crustacean allergic patients and concluded that two distinct
populations exist in terms of clinical and immunologijeaiterns patients with crustacean
and mollusc allergy and patients with crustacean allergy only. It is recommended that
measuring shrim@lgE and shrimp tropomyosiSIgE could aide cliniciagd
recommendations to crustacean allergic patients on the risk of malleyy as well as
recognisinghat those with a crustacean and mollusc allergy were more atopic and had

higher concentrations &. pteronyssinuSIgE, nDer p1SigEand nDer @0 SIgEthan
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those tolerant to mollus¢¥idal et al., 2015)Hence, there is a need for further research
using food challenge data to identify the extent to which there is clinical cross reactivity
between the two types of shellfish. 8uesearch would help to clarify the advice being
provided to patients allergic to fish, crustacaad ormollusc regarding which species to

actually avoid.

Clinical cross reactivity in patients with house dust mite and shellfish allergy has been
documeted and it relates to the similarities in the allergic protein tropomyosin found in
both species, with an 81% amino acid sequence homology to shellfish tropomyosin
(Wong, Huang, & Lee, 2016}t is of interest that the prevalence of shellfish allergy in

Asia is much higher than that of fish allergy despite both being heat atiglotgens which

are widely consumed in an Asian diet. It has been suggested that this is due to high levels
of sensitisation to house dust m{fénomas, 2010)Furthermore, 94% of challengeoven
shrimp allergic children wergensitisedo the house dust mite allergBn pteronyssinus

and 96% werasensitisedo the house dust mite allergBnfarina (Jirapongsananuruk et

al., 2008) However this is purely an association and does not necessarily show causation.
It has been hypothesised that the role of inhaled tropomyosin from house dust mite may
allow for the successful immunotherapy treatment for shellfish all®#png, Huang, &

Lee, 2016)

In summary, tropomyosin is the major allergenic protein in crustacean and molluscan
shellfish. It is known that there is high homology in the tropomyosin proteins within the
molluscan grouping and this homology also appears to be present between cruatateans
molluscs, yet the clinical crossactivity between the two types of shellfish is not fully

understood. In addition, homologies can also be segopomyosin irhouse dust mites
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and shellfishhowever again how thigpresents aslinical crossreactvity in individuals
warrants further research in order to be able to correctly tailor the avodwice and

possible treatmentgven to shellfish allergic individuals.

2.4.3 Diagnosis and differential diagnosis

The wide variety of seafood specieseofttontributes to some difficulty diagnosing a
seafood allergyTsabouri et al., 2012A detailed medical history is the starting point for

the diagnosis of fisand orshellfish allergyWhere fish or shellfish has been a clear
ingredient the patient may already have attributed their symptoms &nfisbrshellfish

and often have removed these from their di8tg/pala & Venter, 2009Helbling et al.
(1999)found the most common symptoms associated with a fish allergy were vomiting as
well as itching of the mouth and throat. However, seafood poisoning frequently manifests
itself as an allergic reaction and so questions about the tysh ofymptomsand

whether anyone else experienced an adverse reaction are key to uncovering a differential

diagnosis of seafood poisoniifsabouri et al., 2012)

Due to the likelihood oé differential diagnosis when making the diagnosis of a fish or
shellfish allergy, it is important to ascertain the presence or abseStgEntibodies

(Skypala & Venter, 2009)I'he predictive accuracy of a positive SPT to fish was 84% and
78% for SIgE(Helbling et al, 1999) Commercial fish and crustacean extracts used for
SPTsmay be made from a different species to that which was consumed by the patient and
so it is imperative to check thd®$ solution is the correct species. Sometimes the SPT
solution is not commercially available, for example tiger prawn and king prawn, and so it

is then appropriate to use a crude extragrimk-to-prick test to ensure testing of the
appropriate speciesd avoidance of false negative resufigrthermore the preparation

methods may alter the allergenicity of the extract, for example boiled versus raw shrimp
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extracts illicit larger wheal sizes when used in skin prick tests and higher optical density in
seum SIgEDblood tests, suggesting that boiled shrimp extracts are far more effective in

diagnostic test§Carnés et al., 2007)

With regards to fish specifically, the predictive accuracy of a positive SP3eanohSIgE
to fish has been suggested to be 84% &80 respectivelyBernhiselBroadbent, Scanlon,
& Sampson, 1992; Helbling, McCants, Musmand, SchwartzeBrer, 1996)In

summary, the above studies would suggest the SPTeanthSIgE testare reliable and
valid tests for the diagnosis séafood allergyhowever the type and preparation method
of the extract should be carefully considered and ideally a negative SRIUMSIQE in

the presence of a clear hist@tyouldbe followed up with a food challenge.

Allergencomponent diagnostiests measure IgE to specific allergen components and can
be used as indicators for specific aller:
selecting patients for treatment such as immunotherapy, and understandingactess
(HoffmannSommergruber & Mills, 2009)Thee are two parvalbumin proteinSyp cl

which are present in oily fiskuch as carp, and Gatl which are present in white fish such
as cod. A negative allergen component test result to both of these proteins would be
indicative of a low risk of orathallenge and the need for further investigations for other
possible allergens. Theage three tropomyosin proteiasailable for testingPen al

(present in shrimp Der p10 (present in house tuste), and Bla g7 (present in
cockroachHoffmannSommergruber & Mills, 2009 These are highly crossactive
proteinswith 10% of house dust mite allergic individuals found to have SIgE to

tropomyosin(Leung et al., 2014)
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2.4.4 Management and avoidance

As previously described, the allergenic proteins in fish and shellfish are highly cross
reactive and can cause symptoms through the inhalation of vasowed| as ingestion

and so it is fundamental that timelividual follows a detailed management and avoidance
plan to prevent further severe reactions. Fish, crustaceans and mollusgsiiaeel tey
European labéhg legislation (Regulation (EU) No 1169P1)to be declared on all

products which contain them which helps in the recognition of products to avoid,
especially those prodts for which it is not obviou€f note, for ingredients such as fish
gelatin (which is used in vitamins and alcohol produatsl isinglass (used for the
clarification of wine and beer) labeling is not required as it is considered too low a level to

cause concern for allergic individugSkypala & Venter, 2009)

There is limited available information on the dietary advice currently being provided to
individualswith fish and shellfish allergies and, more importantly, on the compliance with
this advice Ng, Turner, Kemp and Campbél011)reviewed the advice given to the
parents of 94eafood allergic children presenting to a specialist allergy c¢hrdaistralia

They report 56% were advised to avoid all types of seafood and 45% were advised to
avoid either fish or erstaceans. Eleven percent under adhirdide advice, with the

majarity (52%) over adhering by following more stringent diets and 40%dadoi

restaurants serving seafoddhe source of dietary advice, for example a dietitian
consultant allergist, hadb affect on the compliance rates. Compliance with advice
assumes stitient recall of advice. In this study, despite the vast majority of parents (77%)
being able to recall the same dietary advice documented in the medical notes, a quarter
(24%)) failed to adhere to the advice. The authors concluded that parental dietagnad

is variable with a tendency to impose a more stringent diet than recommended by the
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healthcare professiorsgINg, Turner, Kemp, & Campbell, 2010jhere is no available

data on adherence in adults, howevenes et al2015)report the overall adherence of
adolescentwith FHSto be poor, wittonly 16% of participants adhering to all the
investigated aspects of selire. They conclude that having an anaphylaxis management
plan was associated with a threefold better adherence, and being a member of a support
group was assatedwith a twofold beter adherencglones et al., 20157 his is an

interesting finding and would be beneficial for clinicians to understand these factors
further so that recommendations could be givendosidualswhich may then increase

adherence.

With regards to a fish allergy, confirmation of an allergy to gpe of fish species may
not mean an allergy to other types, howeyiarthe absence of data olinical cross
reactivity) the current evidence time cross sensitisatioof allergenic proteinsvould
suggest it is unsafe to advise the consumption of égtewithout first undertaking
further diagnostic tests. In addition there is the challenge of avoidingarotamination
and so avoiding mixed fish stalls, markets and areas where different types of fish are
prepared is advisab{&kypala & Venter, 2009)t is important to note that no cress
sensitisatiorbetween fish allergens and shellfish allergens has to date been demonstrated
(Lopata & Lehrer, 2009and so it is advised that fish allergic individuals are safe to
consume crustaceans and molluscs. However, data does suggest that in thé39Kdt1
fish-allergic individuals are also allergic tbedlfish (Venter & Arshad, 2011perhaps due

to an increased atopic predisposition.

Recent research indicates a possible clinical eressivity may exist between fish and

chicken due to dmologies in parvalbumin (GaBj, enoase (Gal €) and aldolase (Gal
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d10) which are found in chicken and fish m@aiehn et al., 2016)This finding further
empathises the complexity of fish allergy and thus the need for further research to facilitate

clear clinical guidelines to ensure safety of individuals.

With regards to crustacean allergy there is a high cross reab@niyeen species and so
avoidance of all types is recommended, howeVer avoidance of molluscs may not be
necessarglthoughcaution should be taken due to cross contamination and should be
preceded where possible with diagnostic tests to ensure tmersemnsitisation and cross
reactivity (Skypala & Venter, 2009Due to the heattable nature of crustacean allergens

the individual should also avoid eating in restaurants where crustaceans may be cooked
using the same utensils orthe same oils as other dishesl.elrer et al(2007)

investigated the use of cooking oil for allergenic and non allergenic foods and preliminary
results suggested that shrimp allergenic activity could be detected in oil previously used to

cook shrimp with the more coel the greater the activity.

Unlike allergies to some foods, such as milk and egg, it is commonly understood that
seafood allergy develops in adulthood and does not in general resolve with age and
therefore appropriate liflong dietary avoidance and ally management is essential
(Lopata & Lehrer2009) Some emerging case reports suggest that remission may be
possible for fish allergy, for example SolengR@03)describs the case of a 68 year old
male with a previous history of fishduced anaphylaxis diagnosed at five years of age
with previous positive SPT results, who successfully underwent SPTs to a number of fish
species all producing negative results and wastalitderate an OFC with halibut. To

date, however, no studies have reported a clear resolution of shellfish allergy. One study

examining the natural history of shrimp allergy did not find a change in SIgE levels to
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shrimp over a two year peri¢g®aul, Morgan, & Lehrer, 19900n the other hand, Ayuso

et al.(2012)showed that sensitisation to shrimp proteins was greater in children than
adults which may suggest a decrease in clinical sensitisation withagever the lack of

a longitudinal study examining the natural history makes it difficult to explain this finding.
In summary, case reports provildmited evidence of remission but comparative data
provides conflicting evidence regarding any changemsisisation with age, and there is

not a clear picture regarding natural history (e.g. percentage remission at particular ages).
The scarcity ofivailabledata highlights the lack of attention paid to fish and shellfish

allergy.

In summary e clinicalmanifestation of fish and shellfish allergy is varied, sometimes

even in the same patient, there is evidence of essitivitybetween species but it is still
unknown to what extent this correlates with clinical cross reactivity, and there are few
studies on the natural history and so further detailed research is needed to better
understand, and therefore mage fish and shellfish allerg@linical symptoms are thought

to be similar to other allergens, however fish and shellfish allergy pose the resictbn
through inhalation as some allergs are capable of aerosoigand so there is an added

risk for these individuals. Dietary advice and medical management needs consistency and
possible new therapeutic strategies are worthy of research giveelignedlongevity of

this type of allergy.

2.5 Summary: context of research
To summariset is clear from the current research that fish and shellfish allergy is of
major concern due to the possible severity of reactions and the longevity of theoconditi

Compared with othezommonallergens, fish and shellfish allergy is relatively under
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researchedl'he further study of fish and shellfish allergy is warranted as it accounts for
three out of 14 major allergens, it is a difficult allergen to adoiel tothelikelihood of
potentially severeeactiors triggered by vapouor steaninhalation and alsdecause of

the cross sesitisation and risk oto-existingallergies within and between fish and

shellfish speciedAs with any study of disease where litdeknown, it is important to first
describe the epidemiology of the disease so that we can understanddie of disease.
Next the clinical characteristics will be explored to inform clinicians about how this type
of allergy typically presentand to ientify risk factors. Fally, to complete the overall
picture of fish and shellfish allergy, a study from tha t i penspedive will aim to

measure the associated affect of fish and shellfish allergy on HRLresults will

facilitate better managemeplansand evidencdased decision making in clinical practice
for patients with the aim to reduce the |
The results are expected to infoevidencebased practicehe provision ad planning of
allergy servicesand management guidelines. As well as informing the research and
clinical community so that it can be better understood and thus marfdgeesults

obtained from this research will add new and essential knowledge to the current
understandingf fish and shellfish allergy. The results of this research will inform
healthcare professionals and policy makers on the accurate prevalence, phenotype and
psychological affect of this type of food allergy, enabling them to target interventions and

resoucesin order to better managleis chronic condition.
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2.6 Aims for this research
The overall aim of this research is to characterise and describe fish and shellfish allergy.
The following research aims and objectives will be addressed in this thesis:

1 To carry out a systematic review of published and unpublished data related to the
prevalence of fish, crustacean and mollusc allergy in order to understand the true
prevalence of fish and shellfish allergy.

1 To describe the clinical characteristics of fesid orshellfish allergic adults in a
UK sample. This will be achieved by addressing the following objectives: describe
the atopic status, history of allergic disease and characteristics of allergic
participants; describe the prevalence of fish, crustaaad mollusc allergy and the
common systems experienced; exanuo@xistingand cross sensitivity within
seafood allergy; examine othar-existingfood and aeroallergen sensitivities;
examine the level of tolerance of tinned seafood and the reacti\atybiorne
traces; describe the dietary advice and medical management strategies adopted by
this sample.

1 To investigate how fish and shellfish allergy affects the healtdted quality of
life of adult sufferers in the UK. This will be achieved by adsiregthe following
objectives: assess the HRQL of adults with a&ist orshellfish allergy; compare
the HRQL of adults with an early onset diagnosis with those with a late onset
diagnosis; compare the HRQL of adults recruited through an allergy clithic w

those recruited througmallergy support charity.
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CHAPTER 3

PREVALENCE OF FISH AND SHELLFISH

ALLERGY IN EUROPE AND DIFFERENT REGIONS

OF THE WORLD: A SYSTEMATIC REVIEW
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3.1 Overview

The overall aim of this research is to characterise and describe fish and shellfish allergy.
First it wasnecessaryo understand the epidemiology of fish and shellfish alleFgis

chapter details the findings of a systematic review on the prevalefish ahd shellfish
allergy in Europe, as well as the rest of the world, in all age groups. The background
section reviewsheliterature relevant to the systematic review methodology as well as
currently published systematic reviews on the prevalence 8f FHe methodology

outlines: how the comprehensive literature search was conducted; the eligibility criteria
used to assess studies for inclusion; and the method used for assessing the quality of
included studies. Results are described by world regiomaitdme assessment utilised
(questionnairébased methods, sensitisation methods, and-d¢batlenge methods). Due to
the high heterogeneity of the included studies, it was not appropriate to carry out a meta
analysis and so data are presented throughtivardescription and forest plot graphs are
used to illustrate the findings further. The implications of the findings relevant to both
clinical practice and management of fish and shellfish allergy and future research are

discussed.

3.2  Background

3.2.1 Systematic review methodology

The ohierarchy of evidenced (the relativi
systematic reviews, as well as mataalysis, at the top as the pinnacle of all research
methodologies; followed by randomdseontrolled trials, cohort studies, casmtrol

studies and surveys and finally case rep@tgenhalgh, 2014)he key characteristics of

a systematic review include clearly stated objectives witldpfimed eligibility criteria for
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studies, an explicit and reproducible methodology, a systematic search that attempts to
identify all relevanstudies meeting the eligibility criteria, the assessment of validity of
results through assessment of risk of bias of included studies, and the systematic
presentation and synthesis of the characteristics and findings of included &udilesane
Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated March 2011]
2011) This method differs from that of amative review, which may introduce bias

through the selective presentation of studies and results and involves no set search strateg
or preplanned methodology as well as rarely including quality assessment of studies or
statistical analysisThusconcls i ons are more | ikely to ref
than a systematic and balanced understanding of all of the available evidence.

(Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated
March 2011] 2011; Mackenzie et al.022) As the aim of the current review is to

accurately collate all of the existing prevalence data in order to understand the
epidemiology of fish and shellfish allergy, the systematic review methodology was deemed

the best approach to use.

3.2.2 Existing systematic review on the prevalence of FHS

A systematic review conducted by Rona e{2007)reviewed MEDLINE for
publications (since 1990) that assessed |
and shellfish allergy. This systematic review was instrumental in the developntleat of
National Institute of Allergy and Infectious Diseases (NIAID) guideline for the diagnosis
and management of food allergy in the United Stiegce et al., 2010)The majority of
included studies presented data on-sshiorted allergy, which ranged from 0% to 2% for

fish and 0% to 10% for shellfish. Megaalysis on the prevalence of participants

symptomatic andensitised to fish was 0.5% or less, and 0% to 1.4% for shellfish, and the

prevalence of IgE sensitisation varied from 0% to 2% for fish and 2.5% for shellfish. Only
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two studies were identified which used food challenges to confirm seafood allergy. In this
systematic review, the risk of bias was eliminated as much as possible by excluding
enriched samples, howeyany estimate for a single genus to represent the classifish

order shellfishwas used. This may have significantly underestimated the preseabf

fish and shellfish allergy; it is important to represent all types of fish, crustacean and
mollusc when trying to fully understand the prevalence of these separate food allergies and
also to begin to identify differences between fish, crustacedmatiusc allergy.

Furthermore, this review was conducted nearly a decade ago and so does not include new
and important prevalence research studies. The authors concluded the need for more
standardised methods of diagnosis to minimise the variabilitysastodies and improve

comparisons to enable an accurate understanding of prevalence.

3.2.3 Rationale and aims for this study

Expanding on the previolyspublishedsystematic review, the aim of the current study was
to carry out a systematic review of published and unpublished data related to the
prevalence of fish, crustacean and mollusc allergy-(igdgiated and nelgE mediated).
Unlike the previous systematicview (Rona et al., 200#his review inclued studies

from across the world, of all age groups, and specific searches for the different types of
fish and shellfish were carried out. This is important as it allows for differences in
prevalenceatesof fish, crustacean and mollusc across populatidoe to agand or
geography, to be identified allowing for more focused allergy service provision. It also
provides us with an accurate and up to date understanding of the burden that this type of

food allergy places on societies worldwide.
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3.3  Methods

The current review has been informed by the methodsdftthrane Collaboration,
according taheir handbookbut it has been adapted for a systematic review of prevalence
rather than intervention studi@Sochrane Handbook for Systematic Reviews of

Interventions Version 5.1.0 [updated March 2012011)

3.3.1 Types of studies

The review set out to include both populatlmased crossectional studies and cohort
studies examining the prevalence of fish, crustaeeanormollusc allergy (IgEmediated

and norlgE mediated). Included studies had presented an identifiable point (or period) in

time so that the point prevalenof food allergy could be measured.

3.3.2 Types of participants

The review included participants of all age groups from all countries around the world.
Studies that did not present region or cowsfgcific data were excluded from the review.
Studies mushave been population based, using either a fixed cohort or a whole
population, random or nerandom sampling strategy. Studies conducted in a clinical
setting (e.g. a survey of the prevalence of fish/shellfish allergy in current outpatients at an
allergyclinic) or in selected patient groups (e.g. measuring the prevalence of allergy in
patients with asthma) were excluded since they do not provide information about the

general prevalence of fignd orshellfish allergy.

3.3.3 Types of outcome measures
Studies employing at least one of the following methods of diagnosis to determine the
prevalence of fistand orshellfish allergy were eligible for inclusion in the review:

1 Selfreported allergy
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1 Clinical history of adverse reactions to foods and positivel S&lim SlgEfor
IgE-mediated fish/shellfish allergy)
1 Clinical history of adverse reactions to foods and positive food challenge (open or

doubleblind placebecontrolled: for IgE and neigE allergy)

Studies which presented data regarding sensitisatidhe absence of clinical history, as
determined by the following methods were also eligible for inclusion in this review:
1 Positive SPT

1 Positiveserum SIgE

Studies employing the use of atopy patch tests or other diagnostic tests (e.g. IgG measures
wereexcluded as these are not recommended for the routine diagnosis of @arggo

et al., 2014)

3.3.4 Search methods for identification of studies

The following databases were searched: Web of Science including Social Science Citation
Index Expanded (197present), Social Sciences Citation Index (1pvésent),

Conference Proceedings Citation Index Science (J#88ent), Book Citation Index

Science (200%present), and PubMed. Searches were condbetieeeen November and

Decenber 2012.

Searches of conference proceedings were carried out using theeborf@roceedings

Citations Index in which studies reported in the proceedings of a comprehensive range of

allergy conferences (including the World Allergy Congress, the Annual meeting of the
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American Academy of Asthma, Allergy and Immunology and the Gesggof the

European Academy of Allergy and Clinical Immunology) can be identified.

Grey literature was sought via direct contact with a list of topic experts and examination of
the lists of awards made by researchers in the field (Dr K Allen, Professéwrshad,

Professor P Burney, Dr K Beyer, Professor G Lack, Dr M F Rivas, Professor H Sampson,
Dr S Sicherer, Dr B Niggemann, Professor U Wahn, Professor J Hourihane, Dr G Roberts,
Professor S Prescott). To ensure thoroughness, a snowball approachewaw/iekeby

the experts were asked whether they knew of others working in fields directly related to the

objectives of the systematic review.

3.3.5 Search terms and Boolean operators

The systematic review methodology requires a sensitive, objective anduejble search
strategy which will identify as many relevant studies as possible. This is one of the biggest
differences between a systematic review and a narrative review and it aims to eliminate
bias and therefore achieve reliable estimates of presal@refebvre, Manheimer, &

Glanville, 2011)

Specific search strategies were tailored for the requirements of each database (Table 3.1).
In order to identify all relevant articles, no language or date restrictions were employed and
searches were not limited by study type. The sensitbfithe search strategy was

evaluated by checking that the search results included studies on this topic known by

experts within the field.

In PubMed the terms were searched for in the title and abstract fields and using MeSH

terms where appropriate.WWle b of Science the terms were
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Searchdé field (which includes title, absH
terms were combined using OR, the groups of terms themselves were then combined in the

following manner: #1 AND#2 AND #3.
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Table 3.1 Search terms for the prevalence of fish and or shellfish allergy

Topics Search terms Search terms for PubMed Search terms for Web of Science

Group 1. Prevalence

Prevalence Prevalence, point prevalence prevalence[ Tiab] Oprevalence OR fipo
preval enceo[ Ti ab]
Terms]

Incidence Incidence, cumulative incidence incidence[ Ti ab] ORiIincidence OR fdfcurm
incidenceo[ Tiab] O
Terms]

Natural history Natural history Anatur al hi storyo[ Anatur al hi storyo
OR changes tiab]) AND (severity[tiab] = changes) AND (severity OR
OR prevalence]tiab]) AND time[tiab]) prevalence) AND time)

Group 2. Food food[Tiab] food

Crustaceans Crustacean, crab, lobster, shrimp, crustacean[MeSH Terms] OR crustacea OR crustacean OR

prawn, crayfish, shellfish, langoustine crustacea[Tiab] OR crustacean[Tiab] OF crustaceans OR crab OR crabs OR

crustaceans[Tiab] OR crab[Tiab] OR lobster OR lobsters OR shrimp OR

crabs[Tiab] OR lobster[Tiab] OR shrimpsOR prawn OR prawns OR
lobsters[Tiab] OR shrimp[TigtOR crayfish OR shellfish OR langoustine
shrimps[Tiab] OR prawn[Tiab] OR OR langoustines
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Search terms

Search terms for PubMed

Search terms for Web of Science

Fish

Molluscs

Fish, pollock, carp, cod, mackerel,
salmon, tuna, shark, sea bass,
swordfish, hake, sole, megrim,

sardines, halibut, anchovy, catfish, tro

Mollusc, oyster, snail, squid, mussels,

clams, abalone, octopus, scallop

prawns[Tiab] OR crayfish[Tiab] OR
shellfish[MeSH Terms] OR
shellfish[Tiab] OR langoustine[Tiab] OR

langoustines|[Tiab]

fishes[MeSH Terms] OR fish[Tialf)R
pollock[Tiab] OR carp[Tiab] OR
cod[Tiab] OR mackerel[Tiab] OR
salmon[Tiab] OR tuna[Tiab] OR
shark[tiab] OR fdse
swordfish[tiab] OR hake[tiab] OR
soleftiab] OR megrim[tiab] OR
sardine[tiab] OR sardines[tiab] OR
halibut[tiab] OR anchovy]tia] OR
anchovies[tiab] OR catfish[tiab] OR
trout[tiab]

mollusca[MeSH Terms] OR

mollusc[Tiab] OR molluscs[Tiab] OR

fish OR pollock OR carp OR cod OR
mackerel OR salmon OR tuna OR
shark OR fAsea bas
hake OR sole OR megrim OR sardine
OR sardines OR halibut OR anchovy

OR anchovies OR catfish OR trout

mollusc OR molluscs OR oyster OR

oysters OR snail OR snails OR squid
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Topics Search terms Search terms for PubMed Search terms for Web of Science

oyster[Tiab] OR oysters[Tiab] OR snail OR mussel OR mussels OR clam OR
[Tiab] OR snails[Tiab] OR squid[Tiab]  clams OR abalone OR octopus OR
OR mussel[Tiab] OR mussels[Tiab] OR scallop OR scallops
clam[Tiab] OR clams|[Tiab] OR
abalone[tiab] OR octopus[tiab] OR
scallop[tiab] OR scallopsltiab]
Group 3. Allergy
Allergy Hypersensitivity, allergy, immunology, hypersensitivity{MeSH Terms] OR hypersensitivity OR allergy OR
sensitivity, intolerance, anaphylaxis, hypersensitivity[Tiab] OR allergy[Tiab] immunology OR sensitivity OR
adverse reaction OR "allergy and immunology"[MeSH intolerance OR anaphylaxis OR
Terms] or immunology[Tiab] OR fladverse reaction
sensitvity[Tiab] OR intolerance[Tiab] OR
anaphylaxisfMeSH Terms] OR
anaphylaxis [Tiab]

reactiono[ Tiab]

54



PREVALENCE

3.3.6 Management of search results

Search results were managed using the reference management software (EndNote) and
duplicates were removed. Search results were then imported inteReRiRIver 4

(Thomas, Brunton, & Graziosi, 201f0)ior to screening for relevance. English language
versions of articles were obtained via t]|
articles were not avaible, translation services were used. Searches were updated prior to

data analysis/synthesis.

3.3.7 Criteria for selecting studies for this review

The current systematic review comes from a larger systematic review which was carried
out in collaboration vih the European Food Safety Agency (EFSA) on the prevalence of
individual food allergies (milk/dairy, eggs, cereals, peanuts, nuts, celery, crustaceans, fish,
molluscs, soy, lupin, mustard and sesame). The current review includes only studies which

reportel on fish, crustacean or mollusc allergy.

All identified articles were screened for inclusion in the review as follows. Firstly, the titles
and abstracts of all identified articles were screened for potential relevance against the
inclusion criteria. Athis stage, articles were excluded if, for example, they were obviously
unrelated to the topic of review, the sample was inappropriate for the scope of the review,
or because they did not present primary research data. An inclusion approach was taken,
whereby if the author was unclear of the potential relevance of an article it was marked as
oOpotentially eligibled. The full text of
assessed against the criteria outlined below. If the eligibility gbdlper for inclusion was

still unclear, the paper was discussed with another review author. The reasons for

exclusion were recorded.
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3.3.8 Data collection and analysis

The author idarriet Moonesingheundertook data extraction independently using data
collection forms developed in ERRReviewer 4. A proportion of these (50%) were double
checked by a second reviewer. The following data was extracted for all included studies:

1 General information: Auther6 cont act details, resear
conducted, country(s) in which conducted.

1 Methods: study design (cressctional including whether an existing survey was
utilised, or cohort study including additional information regarding at what ages
articles have reported on), type of allergy considered (IgE mediatedgB&on
mediated or both), food(s) assessed, method of diagnosis (to include additional
information with regard to the procedure, e.g. whether extracts ortprjatick
method has beersead for skin prick testing), sampling strategy (e.g. local or
general population, random or rcendom) and sample characteristics (e.g. age

group, ethnic background, response rate, withdrawal).

Outcomes [for ease of reporting, this data was recordeMlinrasoft Excel spread sheet]:
Information on reported outcomes and relevant data (percentage prevalence, raw data and

confidence intervals; presented by allergen, year of study, method of diagnosis and age).

Where there was ambiguity in the reportingesults, all efforts were made within the

given timeframe to caact the study authors to provide additional information.

3.3.9 Assessing the quality of included studies
It is important to assess the risk of biasfrecluded study in a systematic remia@s it
informs the interpretation of results; variation in the results may be due to differences in

risk of bias with low risk of bias studies more likely to yield accurate re@tiggins,
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Altman, & Sterne, 2011)or the current study, a new tool fesassing the quality of

included studies was developed. This was because the tool which is recommended in the
Cochrane Handbook is relevant to studies of interventions and so the tool was awdapted
berelevant to prevalence studies. Studies were assasdeging at a low, medium or high

risk of bias on the basis of two quality criteria (Table 3.2). The first related to the risk of
bias of the diagnostic method employed by the study. In studies utilising more than one
method of diagnosis, the risk of biafsthe highest quality method was judged. Food
challenges (open or double blind placetamtrolled) were assessed as having the lowest

risk of bias as these are recognised to be thegiatilard of diagnosis for food allergy,
adopting strict objective mearements of positive clinical symptoifgndslevJensen et

al., 2004) Skin prick tests oserum SlgEests combined with a clinical history were

assessed as a medium risk as these methods show bositiasgem to an allergen in an
individual combined with a convincing history of an adverse reaction to a food as assessed
by a clinician and so diagnosis is fairly rob(Skypala & Venter, 2009)QQuestionnaire

based methods and sensitisation tests in the absence of a clinical history were assessed a:
the highest risk of bias as both methods yield misleadingly high prevalence figures for food
allergy. The second criterion related to the methaghaipling, specifically, whether the
sample utilised the whole population (for example, all consecutive births), a random

sample or a nenandom sample.
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Table 3.2 Quality assessment criteria

Quality assessment criteria Diagnostic method Sampling strategy: method

Low risk of bias Food challenges (open or double Whole population
blind) with or without clinical
history
Medium risk of bias Sensitisation (skin prick testsdd Random
or serum SlgEEwith clinical
history
High risk of bias Sensitisation (skin prick testedd  Nornrrandom
or serum SlgE without clinical
history
Questionnairebased methods
(including selfreport, clinician

diagnosed or clinical history)

3.3.10 Data analysis

Where possiblghe actual data, including the numioégnosed and the sample size, was
used to calculate the prevalence and 95% confidence intervals. Meta analysis was
conducted to summarise the prevalence for fish and shellfish allergy according to
diagnostic method. This is a tvabep process which firgtvolved the calculation of the
difference between means for each study. Secondly a summary pooled effect estimate was
calculated as a weighted average of the intervention effects estimated in the individual
studies. This analysis allows power to be iasexl and gives a pooled estimate of the
prevalence. However, if there was found to be high heterogeneity between studies, risk of
bias, or publication/reporting bias then a meta analysis was not conducted as the meta
analysis may be meaningless (compaalngjcally diverse studies) or misleadinyVeeks,
Higgins, & Altman, 2011)In this instance a detailed narrative presentation of the results

was carried out.
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3.4 Results

The results section is structured by diagnostic method, according to fishellfgh

allergy separately, and by region according to the six World Health Organisation regions
Europe, Africa, the Americas, Eastaévtediterranean, SoutBast Asia and Western

Pacific. The percentage prevalence is reported along with the 95% coefidesteal. In

some studies it was not possible to calculate the prevalence and 95% confidence intervals,
due to the lack of raw data presented, and so the data has been reported as per the paper
and thus some confidence intervals are not included (whisrestthe case this has been

identified in the results tables).

3.4.1 Description of studies

There were 61 studies identified which presented data on the prevalenceaofifish

shellfish allergy (Appendi®). Figure 3.1 outlines the process of stuelestion. Of the
included studies, 39 presented data from countries within Europe and 23 presented data
from countries outside of Europe (one study collected data from both European and other

countries). Figure 3.2 shows the countries where included stweie from.
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Figure 3.2 A map of the world showing the countries from which prevalence data wesund
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The majority of studies (48) employed a crgsstional design and 13 studies used a

cohort design. A paediatric sample (< 18 years old) was used in 41 studies, an adult sampl
(O 18 years old) in 11 st wpeseates colleatively. Keyn n |
characteristics of these studies are shown for each country in alphabetical order (Table
3.3). Further information about the method of diagnosis of included studies is presented in
a series of table@ppendix 3) questonnairebased methodsensitisation testing, and

food challengeSome studies presented the findings for more than one method of diagnosis
enabling the comparison of prevalence data generated by a variety of methods, as
exemplified by Gelinick (2008), Kristjanss@1999), Laearaya (2012), Orhan (2009),
Santadusit (2005), Schafer (2001). Many studies also reported using a combination of
methods within an algorithm, for example Osterballe (2005,2009) and Venter (2006,2008);
almost without exception this two or terstep process was applied to food challenges

where only those who seléported fisrand orshellfish allergy in a questionnaire, or those

with a positive clinical history or sensitisation were challenged.

Questionnairdased methods for assessing susgaefishand orshellfish allergy were

utilised in 44 studies, 25 studies measured sensitisation rates, and ten studies carried out
food challenges to confirm fisdnd orshellfish allergy (Table 3.4). Within questionnaire

based methods data is categoriseder the headings sekport, clinician diagnosed and
clinical history however, there is overlap between these methods as sonepgslf
guestionnaires included qgduieasgtn oosnesd oanl |tehreg
some Ocl i nieteabtainkd usirtiga structused questionnaire. For this reason all
three methods have beehagreadu pned hwordder. 4 q
sensitivity and specificity of these methods was not readily available for some of the

studies (e.g. Maungo (2008) used a tatem questionnaire with no reference to validation)
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whereas other studies utilised tools that had undergone some validation (e.g. Ben Shoshar
(2010), Sicherer (2004), Martingzimeno (2000) http://isaac.auckland.ac.nz/, Table 1.7).
Where a food challenge was conducted this was usually carried out on a subset of the stud
population who reported allergy to fisind orshellfish (via a questionnaHtgased method)

and orwere sensitised (determined by SPBerum SIgk In addition a psportion of

study participants (typically those with a convincing clinical history of severe allergic
reactions, and sensitisation) were not challenged since it is unethical to do so. This aligns
with the clinical management of patients in practice, aadghndividuals were typically
considered to be allergic. Hence for prevalence calculations where possible these have

been counted alongside those who experienced a positive food challenge outcome.
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Table 3.3 Characteristics of included sudies

Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics

design conducted age group

Age Respons
Sample size
Mean e Rate
Al-Hammadi Cross United
6-9 1 Clinician
sectiona 2006 Arab 1 Fish 7 years 397 60%
(2010) years diagnosed
[ Emirates

1 Positive skin

Arshad 1993 United prick test
Cohort 4 years 1 Fish (cod) N/R 981 67%
(2001) 1994 Kingdom without clinical
history

1 Selfreport

Ben Cross
2008 1 Fish M Clinician
Shoshan sectiona Canada All ages N/R 9667 34.6%
2009 1 Shellfish diagnosed
(2010) I
1 Clinical history
Branum 2005 United <18 1 Crustacean 1 Positiveserum N/R 3500 N/R
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
(2009) Cross 2006 States years (shrimp) SIgE without
sectiona clinical history
I
Brugman Cross 1993 4-15 1 Fish/
Netherlands 1 Selfreport N/R 4400 99%
(1998) sectional 1994 years crustacean
Australia Australia:
1991 Belgium 220
1992 Estonia Belgium:
Cross 1 Fish 1 Positiveserum
Burney follow up France 2044 33.7 323
sectiona 1 Crustacean SlgEwithout 58%
(2010) study Germany years years Estonia: 137
| (shrimp) clinical history
conducte Iceland France: 467
d in 2000 Italy Germany:
Norway 372 Iceland:
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
Spain 326
Sweden Italy: 253
Switzerland Norway:
UK 415 Spain:
USA 703
Sweden:
617
Switzerland
: 208
UK: 394
USA: 87
Cross <12 1 Fish 1 Positive skin
Chen
o1) sectiona 2009 China months 1 Crustacean prick test N/R 497 96%

(shrimp)

without clinical
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
history
Cross Philippines 14-16
Connett 2007 1 Selfreport
sectiona Singapore years 1 Fish N/R 19966 77%
(2012) 2008 1 Clinical history
[ Thailand

1 Clinical history

Cross
Dalal 1 Positive skin
sectiona N/R Israel <2years 1 Fish N/R 9070 N/R
(2002) prick test with
I
clinical history
1992
Eggesbo 1993;
<24
(1999) Cohort 1993 Norway 1 Fish 1 Selfreport N/R 3366 22.6
months
1995
Emmett Cross 1995 United 15+ 1 Fish 1 Selfreport N/R 16420 N/R
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
(1999) sectiona 1996 Kingdom years (stage 1)
I 1253 (stage
2)
M Fish
Cross
Falcao >39 1 Mollusc
sectiona 2000 Portugal 1 Selfreport N/R 659 70%
(2004) years (octopus,
I
squid)
1 Selfreport
Cross
Gelincik 18+ 1 Fish M1 Positive
sectiona N/R Turkey N/R 11816 69.3%
(2008) years 1 Seafood DBPCFC with
I
clinical history
Cross
Greenhawt United 18+ 1 Fish
sectiona N/R 1 Selfreport N/R 513 3.5%
(2009) States years 1 Shellfish
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
Cross
Gupta 2009 United <18 9 Fish (fin fish)
sectiona 1 Selfreport 8.5 years 10514 N/R
(2011) 2010 States years 1 Shellfish

1 Positive skin

Cross
Haahtela 1517 prick test
sectiona N/R Finland 1 Fish N/R 708 98%
(1980) years without clinical
I
history
1 Positive skin
Cross 1 Fish
1999 and <24 prick test 1999: 304 96.8%
Hu (2010) sectiona China 91 Crustacean N/R
2009 months without clinical 2009: 382 95.3%
I (shrimp)
history
Cross 1 Positive
Jansen Netherland 1870  Seafood
sectiona 1989 DBPCFC with N/R. 1483 86%
(1994) s years (trassi)

I clinical history
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
Cross 1 Positiveserum
Johansson Norway
sectiona N/R N/R 1 Fish (cod) SIgEwithout N/R 1502 N/R
(2005) Sweden
I clinical history
1,2,3 9 Clinical history 1 year: 261
Cross
Kajosaari 1980 and 6 1 Elimination and 2 years: 202
sectiona Finland 1 Fish N/R N/R
(1982) 1981 years home challenge 3 years: 200
I
(OFC) 6 years: 203
Primary
Cross 1 Fish (cod)
Kavaliunas -school 8.2
sectiona N/R Lithuania 1 Crustacean 1 Self report 3084 71.2%
(2012) aged years
I (shrimp)
children
2006 <12
Kim (2011) Cohort Korea 1 Seafood 1 Self report N/R 1177 N/R
2007 months
Krause Cross 1998 Greenland 5-18 M Fish 1 Positiveserum N/R 1031 88%
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
(2002) sectiona years SIgE without
I clinical history
Icelandi
1 Selfreport C
1 Positive skin children:
Iceland:
Cross prick testwith 18.8
Kristjansson 1994i Iceland 18 1 Fish 79%
sectiona clinical history years 328
(1999) 1995 Sweden months 1 Shellfish Sweden:
| f Positive Swedish
90%
DBPCFC with children:
clinical history 19.3
years
Cross 1 Fish 1 Selfreport
Lao-araya Northern
sectiona 2010 3-7 years M Crustacean 1 Positive open 53 452 82.8%
(2012) Thailand

(shrimp, crab)

food challenge
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
1 Mollusc with clinical
(squid) history
Cross 1 Selfreport
Leung 2006 2-7 M Fish
sectiona Hong Kong 1 Clinician N/R 3677 96.1%
(2009) 2007 years 1 Crustacean
I diagnosed

i Positiveserum

Cross 2005 United 1 Crustacean
Liu (2010) All ages SIgE without N/R 8203 79.3%

sectional 2006 States (shrimp)

clinical history
Marklund Cross 1321 1 Fish
2003 Sweden 1 Selfreport 16.2 1451 100%

(2004) sectional years 1 Shellfish

Cross
Marrugo 1-83

sectiona N/R Colombia 1 Seafood 1 Selfreport N/R 3099 100%
(2008) years
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
Martinez Cross
6-13
Gimeno sectiona N/R Spain M Fish 1 Selfreport N/R 5163 90%
years
(2000) I
Cross
Mustafayev 1011
sectiona 2010 Turkey 1 Fish 1 Selfreport N/R 6963 N/R
(2012) years
I
1 Fish
Cross
Obeng 2006 5-16 1 Crustacean
sectiona Ghana 1 Selfreport N/R 1431 83.5%
(2011) 2008 years (shrimp)
I
6-12
Cross
1995 years 1 Fish
Oh (2004) sectiona Korea 1 Seltreport N/R 27425 97.8%
2000 and 12 1 Seafood
I
15 years
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate

1 Selfreport

1 Positive skin

Cross prick test with
Orhan 6-9
sectiona 2006 Turkey 1 Fish clinical history N/R 2739 78.2%
(2009) years
I 1 Positive
DBPCFC with

clinical history

1 Positive skin

2007 11-15
Osborne Cohort Australia 1 Shellfish prick test 2768

2010 months N/R *
(2011) without clinical

history
1 Selfreport
Ostblom 1999
Cohort Sweden 4 years 1 Fish (cod) 1 Positiveserum N/R 2563 91%

(2008 a) 2000

SlgEwithout
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate

clinical history
1 Positiveserum

SIgE with

clinical history

1 Selfreport

Ostblom 1995 1,2,4,8
Cohort Sweden M Fish 1 Clinician N/R 3104 84%
(2008 b) 2004 years
diagnosed
Group 1 Positive open Group 3 years: 486
1:3 food challenge 2:0.7 <3 years:
years, 1 Fish (cod) with clinical years 111
Osterballe 200%:
Cohort Denmark Group M Crustacean history Group >3 years: 98%
(2005) 2002
2:<3 (shrimp) f Positive 3:7.6 301
years, DBPCFC with years Adults:
Group clinical history Group 936
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
3: 1 Other 4:33.7
Children years
>3
years,
Group
4:
Adults
1 Fish (cod) 1 Selfreport
1 Crustacean 1 Positive open
Osterballe 200%:
Cohort Denmark 22 years (shrimp) food challenge N/R 843 77.1%
(2009) 2002
1 Mollusc with clinical
(octopus) history
Penard Cross 1999 9-11 1 Fish
France 1 Selfreport 10.4 6672 69%
Morand sectiona 2000 years 1 Seafood

76



PREVALENCE

Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
(2005) I
1 Selfreport
1 Fish (cod) 1 Positive skin 11 years:
Pereira 2002 United 11 and 48.4%
Cohort 1 Crustacean prick test N/R 757
(2005) 2003 Kingdom 15 years 52.2%
(prawn) without clinical 15 years: 775
history
Cross 1 Selfreport
Pyrhonen 2001 1-4
sectiona Finland 1 Fish 1 Clinician N/R 853 69%
(2009) 2009 years
I diagnosed
Cross 1 Fish
Rance 2-14
sectiona 2002 France 9 Crustacean 1 Selfreport 8.9 years 2716 77.6%
(2005) years
I (shrimp)
2002 1 Positive skin 26.6
Ro (2012) Cohort Norway 2 years 1 Fish 352 53%
2006 prick test months
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate

without clinical
history

1 Positiveserum
SlgEwithout

clinical history

1 Positive skin

90
Roberts 1998 United prick test
Cohort 7 years 1 Fish (cod) months 2061 27%
(2005) 2000 Kingdom without clinical
(median)
history
Cross
Sakellariou 20-54
sectiona 2007 Greece 1 Fish 1 Selfreport N/R 2003 51.6%
(2008) years
I
Santadusit Cross 6 1 Fish 1 Selfreport
N/R Thailand N/R 656 N/R
(2005) sectiona months 1 Crustacean 1 Positive skin
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
I 6 (shrimp) prick test with
years 1 Shellfish clinical history
1 Positive open
food challenge
with clinical
history
50.4%
1 Fish 1 Selfreport
female
Cross (mackerel) M Positive skin
Schafer 1997 2574 had a
sectiona Germany M Crustacean prick test 4178 64%
(2001) 1998 years median
I (crab) without clinical
age of 50
1 Seafood history
years
Cross 2007 Philippines 4-6 1 Selfreport
Shek (2010) 1 Shellfish N/R 11322 74.2%
sectiona 2008 Singapore years, 1 Clinical history
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
I 14-16
years
Cross 1 Selfreport
Sicherer United 1 Fish
sectiona 2002 All ages 1 Clinician N/R 4336 67.3%
(2004) States 1 Shellfish
I diagnosed
1 Fish
Cross 5-17
Touraine 2000 1 Crustacean
sectiona France years 1 Selfreport N/R 1086 69%
(2002) 2001 1 Mollusc
I
(oyster)
Van 1 Fish
Cross
Bockel 1988 Netherland 5-6  Shellfish
sectiona 1 Selfreport N/R 1039 84.5%
Geelkerken 1989 S years
I
(1992)
Venter Cohort 2003 United 6 years 1 Fish (cod) 1 Selfreport 798 55.4%
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
(2006) 2004 Kingdom 1 Positive skin
prick test N/R
without clinical
history
1 Positive
DBPCFC with
clinical history
1 Positive skin
prick test 1 year: 900 92.9%
Venter 2002 United 1,2,3
Cohort 1 Fish (cod) without clinical N/R 2 years: 858 88.5%
(2008) 2005 Kingdom years
history 3 years: 891 91.9%
1 Other
Vierk Cross United 018 1 Fish 1 Selfreport
2001 N/R 4482 35.8%
(2007) sectiona States years 1 Crustacean 1 Clinician
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
I 1 Shellfish diagnosed
1 Positive skin
Von Cross
Finland 11-16 prick test 10.9 367
Hertzen sectiona 2003 1 Fish N/R
Russia years withoutclinical 11.3 446
(2006) I
history
Cross
Woods 1992 20-44
sectiona Australia 9 Fish/ shellfish 1 Selfreport N/R 669 2%
(1998) 1994 years
I
30018
1 Fish 813 <3
Cross
1 Crustacean 1 Clinician years,
Wu (2012) sectiona 2004 Taiwan All ages N/R 77.1%
(shrimp, crab) diagnosed 15169 418
I
1 Mollusc years
14036 >19
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Study ID Study Year(s) Country(s) Target Allergen(s) assessed  Method(s) of diagnosis Sample characteristics
design conducted age group
Age Respons
Sample size
Mean e Rate
years
Cross
Young United 1 Fish/
sectiona N/R N/R 1 Selfreport N/R 18880 70%
(1994) Kingdom crustacean
I
Cross
Zannikos 2007 Greece 1 Fish 1 Selfreport
sectiona 7-13 years N/R 3821 51%
(2008) 1  Shellfish

1 Fish (herring,

mackerel)

Cross 1 Positive skin

Zuberbier 1999 1 Crustacean
sectiona Germany All ages prick test with N/R 4093 31%
(2004) 2000 (crab)
I clinical history
1 Mollusc

(mussels)

Note: N/R= not reported

83



PREVALENCE

Table 3.4 Diagnostic methodautilised in included studies

Study ID Questionnaire-based Sensitisation Food challenge
Europe

Arshad (2001) "H

Brugman (1998) "H

Burney (2010) "H

Dalal (2002) "H "H

Eggesbo (1999) "H

Emmett (1999) "H

Falcao (2004) "H

Gelincik (2008) "H "H
Haahtela (1980) "H

Jansen (1994) "H
Johansson (2005) "H

Kajosaari (1982) "H "H
Kavaliunas (2012) "H

Krause (2002) "H

Kristjansson (1999) "H "H "H
Marklund (2004) "H

Martinez Gimeno (2000) "H

Mustafayez (2012) "H

Orhan (2009) "H "H "H
Ostblom(2008 a) "H "H

Ostblom (2008 b) "H

Osterballe (2005) "H H "H
Osterballe (2009) "H "H
PenardViorand (2005) "H

Pereira (2005) "H "H

Pyrhonen (2009) "H

Rance (2005) "H

Ro (2012) "H

Roberts (2005) "H

Sakellariou (2008) "H

Schafer (2001) "H "H

Touraine (2002) "H

Van BockelGeelkerken (1992 "H

Venter (2006) "H "H "H
Venter (2008) "H "H

VVon Hertzen (2006) "H
Young (1994)
Zannikos (2008)
Zuberbier (2004) "H
Rest of the World

Al-Hammadi (2010)
Ben-Shoshan (2010) "H
Branum(2009)

Burney (2010)

Chen (2011) "H
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Study ID Questionnaire-based Sensitisation Food challenge

Connett (2012) H

Greenhawt (2009) "H

Gupta (2011) “H

Hu (2010) H

Kim (2011) H

Lao-araya (2012) “H "H
Leung (2009) “H

Liu (2010) “H

Marrugo (2008) "H

Obeng (2011) “H

Oh (2004) H

Osborne (2011) "H

Santadusit (2005) “"H "H "H
Shek (2010) H

Sicherer (2004) “H

Vierk (2007) “H

Woods (1998) “"H

Wu (2012 H

3.4.2 Risk of bias in included studies

The quality of all included studies was graded according to the diagnostic method utilised
and the sampling strategy (see section 3.3.9). Table 3.5 reports the outcome for each stud
In summary, the majority of studies (49) scored a high risk of biassammed medium and

11 scored low according to diagnostic method. With regards to the sampling strategy, ten
were assessed as a high risk of bias, 31 medium and 1ZHenis an important

consideration when interpreting the quality of the results found.
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Table 3.5 Quality assessment of included studies

Diagnostic Methods: risk of Sampling Strategy Method:
Study ID
bias’ risk of bias®

Al-Hammadi (2010) )
Arshad (2001)
BenShoshan (2010)
Branum (2009)
Brugman (1998)
Burney (2010)

Chen (2011)

Connett (2012)
Dalal (2002) o
Eggesbo (1999)
Emmett (1999) N/R
Falcao (2004)
Gelincik (2008)
Greenhawt (2009)
Gupta (2011)

Haahtela (1980)

Hu (2010)

Jansen (1994)

2 Low risk of bias= food challenges (open or dodilieéd) with or without clinical history; Medium risk of bias=
sensitisationgkin prick teseind orserum Slgf with clinical history; High risk of bias = Sensitisation (skin prick tesd
or serumSIgE) without clinical history, questionnattgased methods (sekport, clinicalistory or clinician diagnosed)

3 Low risk of bias= whole population; Medium risk of bias= random; High risk of bias =namaom.
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Diagnostic Methods: risk of Sampling Strategy Method:

Study ID
bias” risk of bias®
Johansson (2005) ) o
Kajosaari (1982) )
Kavaliunas (2012) o
Kim (2011) o N/R
Krause (2002) () o
Kristjansson (1999) [ ) o
Lao-araya (2012) [
Leung (2009) [
Liu (2010) [
Marklund (2004) [ [
Marrugo (2008) )
MartinezGimeno o
(2000)
Mustafayev (2012) ) N/R
Obeng (2011) o N/R
Oh (2004) [
Orhan (2009) o
Osborne (2011) o o
Ostblom (2008 a) o N/R
Ostblom (2008 b) o N/R
Osterballe (2005) )
Osterballe (2009) o
PenardMorand (2005) ®
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Diagnostic Methods: risk of Sampling Strategy Method:

Study ID
bias” risk of bias®
Pereira (2005) ) )
Pyrhonen (2009) ) )
Rance (2005) () )
Ro (2012) ® N/R
Roberts (2005) () o
Sakellariou (2008) ) o
Santadusit (2005) o
Schafer (2001) o )
Shek (2010) ®
Sicherer (2004) o [
Touraine (2002) () o
Van Bockel o N/R
Geelkerken(1992)
Venter (2006) o o
Venter (2008) ) o
Vierk (2007) o
Von Hertzen (2006) [
Woods (1998) )
Wu (2012) ®
Young (1994) )
Zannikos (2008) ) o
Zuberbier (2004) )
@ High risk of bias Medium risk of bias @  Low risk of bias
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3.4.3 Fish allergy prevalence across Europe

Assessed using questionnalf@sed methods (Figure 3.3)

There were 27 studies in Europe which used questionbaged methods to calculate the
prevalence of fish allergy; prevalence rates based omegmifed fish allergy were

presented in 25 studies, two studies reported clinical history rates and two studies reported
clinician diagnosed allergy. The highest reported prevalence in adults was found in Greece
with 1.5% (95% CI. 1.22.2) (Sakellariou 2008) ¢#0-54 year olds reporting an adverse
reaction to fish. The lowest reported prevalence was seen in Denmark, with only 0.2%
(95% CI: 0.01.0) (Osterballe 2009) of 22 year olds reporting an adverse reaction to fish
(cod specifically). With regards to childrethe highest reported prevalence was found in
Spain where 6.9% (95% ClI: 6726) (MartinezGimeno 2000) of 4.3 year olds reported

fish allergy. The lowest reported prevalence rates were seehliry8ar olds in France

(0.1%, 95% CI: 0.20.3) (PenareMornad 2005). With regards to prevalence based on a
convincing clinical history there was no data available on adult fish allergy. For children,
the prevalence ranged from 7.0% (95% CI:-%.d) (Kajosaari 1982) in one year olds in
Finland to 0.0% (95% CI: 0:0.1) (Dalal 2002) of €2 year olds in Israel. Similarly with

regards to cliniciasdiagnosed fish allergy, there was no data available for adults. In

children the highest rates were found in Finland in four year olds (1.0%, 95% Q100.5
(Pyrhonen 2000 and the lowest rates were seen in one year olds in both Finland (0.2%,

95% CI: 0.00.9) (Pyrhonen 2009) and Sweden (0.2%, 95% C#004) (Ostblom 2008b).

Assessed using sensitisation (via S0 orserum SIg (Figure 3.4)

Looking at sensitisatior,7 studies reported sensitisation data for fish allergy in Europe.
There were nine studies which carried out SPT on the whole study population, four studies

which combined a convincing clinical history with a positive SPT, five studies which
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carried ouserum SlgEesting on the whole study population, and one study which
combined a convincing clinical history wierum SIgEOnly one study in Germany used
SPT in an adult population (25! year olds) reporting a prevalence of 2.9% (95% C¥. 2.2
3.9) (Schaér 2001) sensitisation to mackerel. In children the highest sensitisation rate was
found in Finland, where 2.7% (95% CI: 4472) (Haahtela 1980) of 157 year olds were

found to be sensitised to fish. The lowest sensitisation rate was seen in the United
Kingdom, where 0.0% (95% CI: 6@3) (Roberts 2005) of seven year olds were found to

be sensitised to fish (cod specifically).

Assessed using clinical history and sensitisation (Figure 3.4)

When a history of adverse reaction was combined with the SBI, 5lggvalence ranged
between 0.6% (95% CI. 0A.5) (Kristjansson 1999) in 18 month olds in Iceland to 0.0%
(95% CI. 0.00.1) (Dalal 2002) of € year olds in Israel. One study reported 0.1%
prevalence to herring and mackerel in Germany in all ages (@ieb2004). Adult fish
allergy prevalence, as measuredsbyum SlgBplus a clinical history ranged from 0.8%
(95% CI: 0.22.5) (Burney 2010) in 2@4 year olds in Germany, to 0.0% in several other
studies. In children, the highest prevalence was seldorway where 1.1% (95% CI: 6.4
3.1) (Ro 2012) of two year olds were sensitised to fish, the lowest prevalence was 0.7%
(95% CI. 0.31.5) (Krause 2002) in-28 year olds in Greenland. This lowered to 0.4%
(95% CI: 0.20.8) (Ostblom 2008a) of four year olalsSweden when sensitisation plus a

clinical history was considered for fish allergy (cod specifically).

Assessed using food challenges (Figure 3.5)

There were nine studies in Europe which reported fish allergy prevalence based on food

challenges. Open food challenges were conducted in three studies-dlindbiglacebo
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challenges in six studies, and food challenge plus an algorithm used for diagnosis in two
studies. With regards to open food challenges, only one study in Denmarkdejziedor
adult fish (cod) allergy; 0.1% (95% CI: 6008) (Osterballe 2009) of 22 year olds. For
children, the lowest confirmed prevalence was 0.0% (95% GH.@))(Osterballe 2005)

of under three year olds in Denmark and the highest was 0.1% (95%©-0I8)

(Kajosaari 1982) of six year olds in Finland. When a dcbbted placebecontrolled food
challenge was used, in adults the rate of confirmed prevalence ranged between 0.2% (95%
Cl: 0.00.9) (Osterballe 2005) in Denmark and 0.0% (95% CFQ01)(Gelincik 2008) in
Turkey; and in children from 0.3% (95% CI: @) (Kristjansson 1999) in Iceland to

0.0% in Denmark (Osterballe 2005), Turkey (Orhan 2009) and the United Kingdom
(Venter 2006). Using an algorithm for diagnosis Osterl{2l®9 found aconfirmed
prevalence rate of 0.6% (95% CI. .3) of adults in Denmark. In addition, 0.8% (95%

Cl: 0.3-2.2) (Osterballe 2005) confirmed prevalence of cod allergy was seen in three year
olds in Denmark, compared to 0.0% (95% CI-0.8) (Venter 2008) athree year olds in

the United Kingdom.
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STUDY ID

Osterballe 2008
Kajosaarn 1982
Pyrhonen 2009
Pyrhonen 2009
Kajosaan 1982
Pyrhonen 2009
Pyrhonen 2009
Kajosaari 1982
Pyrhonen 2008
Pyrhonen 2009
Pyrhonen 2009
Pyrhonen 2009
Kajosaar 1982
Penard-Morand 2005
Rance 2005
Penard-Morand 2005
Touraine 2002
Schafer 2001
Zannikos 2008
Sakellariou 2008
Kristjansson 1999
Dalal 2002
Kavaliunas 2012
Brugman 1998

COUNTRY YEAR OF STUDY AGE GROUP

Denmark
Finland
Finalnd
Finalnd
Finland
Finland
Finland
Finland
Finland
Finland
Finland
Finland
Finland
France
France
France
France

Germany
Greece
Greece
lceland

Israel
Lithuania
Netherands

Van Bockel-Geelkerken 1992 Netherands

Eggesbo 1999
Eggesbo 1999
Eggesbo 1999
Falcao 2004
Martinez-Gimeno 2000
Ostblom 2008b
Ostblom 2008b
Kristjansson 1999
Ostblom 2008b
Ostblom 2008b
Ostblom 2008b
Ostblom 2008b
Ostblom 2008a
Ostblom 2008b
Ostblom 2008b
Marklund 2004
Orhan 2009
Mustafayev 2012
Gelinick 2008
Venter 2006
Pereira 2005
Pereira 2005
Emmett 1999
Young 1994

Figure 3.3

Norway
Norway
Norway
Portugal
Spain
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Turkey
Turkey
Turkey
UK
UK
UK
UK
UK

2001-2002
1980-1981
2001-2009
2001-2009
19080-1981
2001-2009
2001-2009
1980-1981
2001-2009
2001-2009
2001-2009
2001-2009
1980-1981
1999-2000
2002
18998-2000
2000-2001
1997-1998
2007
2007
1994
NR
NR
1993-1994
1988-1989
1993-1995
1993-1985
1993-1995
2000
NR
1995
1895-2004
1994
1996
1996
1998
1998
1999
2002
2002
2003
2006
2010
NR
2003-2004
2002-2003
2002-2003
1995-1996
NR

22 years
1 year
1 year
1 year
2 years
2 years
2 years
3 years
3 years
3 years
4 years
4 years
6 years
9-11 years
2-14 years
9-11 years
5-17 years
25-74 years
7-13 years
20-54 years
1.5 years
0-2 years
5-12 years
4-15 years
5-6 years
1 year
1.5 years
2 years
=39 years
6-13 years
1 year
1 year
1.5 years
2 years
2 years
4 years
4 years
4 years
8 years
8 years
13-21 years
6-9 years
10-11 years
>18 years
6 years
11 years
15 years
=15 years
All ages
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Fish (cod)
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish

Seafood
Fish
Fish/Seafood
Fish
Fish
Fish
Fish
Fish (cod)

Fish/Crustacean
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish

Fish (cod)
Fish
Fish
Fish
Fish
Fish

Seafood

Fish (cod)
Fish
Fish
Fish

Fish/Crustacean
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METHOD

Self-report
Self-report
Self-report
Clinician-diagnosed
Clinical history
Self-report
Clinician-diagnosed
Clinical history
Self-report
Clinician-diagnosed
Self-report

Clinical history
Self-report
Self-report
Self-report
Self-report
Self-report
Selfreport
Selfreport
Self-report

Clinical history
Selfreport
Self-report
Self-report
Self-report
Self-report
Self-report
Self-report
Selfreport
Self-report

Clinician-diagnosed
Self-report
Self-report

Clinician-diagnosed
Self-report

Clinician-diagnosed
Self-report
Self—report

Clinician-diagnosed
Self-report
Self-report
Self-report
Self-report
Self—report
Self-report
Self-report
Self-report
Self-report

--—
———
——
—_—
Clinician-diagnosed [ —————
 —
-—
——
—
—_——

0.0 0.5
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STUDY ID COUNTRY YEAR OF STUDY AGE GROUP ALLERGEN METHOD
Bumey 2010 Belgium 2000 20-44 years Fish SIgE i
Bumey 2010 Estonia 2000 20-44 years Fish SIgE
Von Hertzen 2006 Finland 2003 7-16 years Fish SPT 1
Haahtela 1980 Finland NR 15-17 years Fish SPT [}
Bumey 2010 France 2000 20-44 years Fish SIgE 0
Bumey 2010 Germany 2000 20-44 years Fish SIgE ; |
Zuberbier 2004 Germany 19989-2000 All ages Fish (herring) History + SPT =
Zuberbier 2004 Germany 1989-2000 All ages Fish (mackerel) History + SPT e
Schafer 2001 Germany 1997-1998 25-74 years Fish (mackerel) SPT ;
Krause 2002 Greenland 1998 5-18 years Fish SIgE F i
Kristjansson 1999 lceland 1994 1.5 years Fish History + SPT F 1
Bumey 2010 lceland 2000 20-44 years Fish SIgE i
Dalal 2002 Israel NR 0-2 years Fish History + SPT =l
Bumey 2010 Italy 2000 20-44 years Fish SIgE 1
Ro 2012 Norway 2002-2006 2 years Fish SPT 1
Ro 2012 Norway 2002-2006 2 years Fish SIgE F 1
Bumey 2010 Norway 2000 20-44 years Fish SIgE |
Johansson 2005 Norway NR >18 years Fish (cod) SIgE e e |
Von Hertzen 2006 Russia 2003 7-16 years Fish SPT 1
Bumey 2010 Spain 2000 20-44 years Fish SIgE F i
Kristiansson 1899 Sweden 1994 1.5 years Fish History + SPT i
Ostblom 2008a Sweden 1999-2000 4 years Fish (cod) SIgE i
Ostblom 2008a Sweden 19989-2000 4 years Fish (cod) History + SIgE —
Johansson 2005 Sweden NR >18 years Fish (cod) SIgE -
Bumey 2010 Sweden 2000 20-44 years Fish SIgE F |
Orhan 2008 Turkey 2006 6-9 years Fish History + SPT _—
Venter 2008 UK 2001-2005 1 year Fish (cod) SPT i
Venter 2008 UK 2001-2005 2 years Fish (cod) SPT F |
Venter 2008 UK 2001-2005 3 years Fish (cod) SPT F i
Arshad 2001 UK 1993-1994 4 years Fish (cod) SPT F i
Venter 2006 UK 2003-2004 6 years Fish (cod) SPT F i
Roberts 2005 UK 1998-2000 7 years Fish (cod) SPT —
Pereira 2005 UK 2002-2003 11 years Fish (cod) SPT ; |
Pereira 2005 UK 2002-2003 15 years Fish (cod) SPT k 1
Bumey 2010 UK 2000 20-44 years Fish SIgE 1

0.0 0.5 1.0 1.5 2.0 2.5
% Prevalence (95% CI)

Figure 3.4  Fish allergy prevalence in Europe diagnosed by sensitisation methods
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STUDY ID

Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2005
Kajosaarn 1982
Kristjansson 1999
Jansen 1994
Orhan 2008
Gelinick 2008
Venter 2008
Venter 2008
Venter 2008

Venter 2006

Figure 3.5

* Participants with possible FHS; sedported (questionnaire) FHS or a positive outcome in at least one of the following: skin prick, histamine

COUNTRY

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Finland

lceland

Netherands

Turkey

Turkey

UK

UK

UK

UK

YEAR OF STUDY

2000-2001

2000-2001

2000-2001

2000-2001

2000-2001

2000-2001

2000-2001

2000-2001

2000-2001

1980-1981

1994

1990

2006

NR

2001-2005

2001-2005

2001-2005

2003-2004

AGE GROUP

<3 years

<3 years

3 years

3 years

3-22 years

3-22 years

22 years

=22 years

>22 years

6 years

1.5 years

18-69 years

6-9 years

>18 years

1 year

2 years

3 years

6 years

PREVALENCE

ALLERGEN

Fish (cod)

Fish (cod)

Fish (cod)

Fish (cod)

Fish (cod)

Fish (cod)

Fish (cod)

Fish (cod)

Fish (cod)

Fish

Fish

Seafood

Fish

Fish

Fish (cod)

Fish (cod)

Fish (cod)

Fish (cod)

METHOD

History + OFC

Other *

History + DBPCFC p——-———]

Other * I =

History + DBPCFC

Other *

History + OFC

History + DBPCFC

Other *

History + OFC

History + DBPCFC

History + DBPCFC

History + DBPCFC

History + DBPCFC

Other *

Other *

Other *

History + DBPCFC

0.0 0.5 1.0

Fish allergy prevalence inEurope diagnosed by fooechallenge methods

1.5

2.0 2.5
% Prevalence (95% CI)

release an&IgE, without a clear negative caBestory (not regularly eating culprit food during the last year).
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3.4.4 Shellfish allergy prevalence across Europe

Assessed using questionnalr@sed methods (Figure 3.6)

There were ten studies conducted in Europe which presented reported shellfismpeevale
data. With regards to adult crustacean allergy, only one study was carried out (in Denmark)
which found 2.0% (95% CI. 1-3.3) (Osterballe 2009) of 22 year olds gselported an

allergy to shrimp. In children the reported prevalence ranged from 55% (9: 4.37.1)
(Touraine 2002) of A7 year olds in France to 0.1% (95% CI:-0.8) (Kavaliunas 2012)

of 5-12 year olds in Lithuania. The reported prevalence of mollusc (oyster) allergy was
1.5% (95% CI. 0.2.4) (Touraine 2002) in-27 year olds in Frare, for octopus allergy it

was 0.4% (95% CI: 0-1.1) (Osterballe 2009) of 22 year olds in Denmark, and for octopus
and squid allergy combined in Portugal it was 0.5% (95% Ci1(G)(Falcao 2004) of 39
year olds and above. Some studies investigated#e@ or t ed pr eval ence
allergy which ranged from 1.7% (95% CI: 215) (Marklund 2004) of 1-P1 year olds in

Sweden to 0.1% (95% CI: 6@2) (Zannikos 2008) of-13 year olds in Greece.

Assessed using sensitisation (via S0 orserum SIgk (Figure 3.7)

There were two studies in Europe which measured the sensitisation of the study
population; one reported on SPT and ons@nim SlgEFor crustacean allergy (crab) one
study conducted in Germany found a sensitisation rate of 2.7% (95%0@L62.(Schafer
2001) in 2574 year olds based on SPT alo8erum SlgHevels were only carried out for
crustacean allergy, with the highest sensitisation rate reported in Italy in adults (10.3%,
95% CI: 7.014.9) (Burney 2010) and the lowest in Switzedan adults (0.0%, 95% CI.

0.0-2.3) (Burney 2010).
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Assessed using clinical history and sensitisation (Figure 3.7)

When a clinical history was combined with a positive SPT result, a prevalence rate of 0.2%
(95% CI: 0.120.5) (Zuberbier 2004) was foundrforab allergy, and 0.0% (95% CI: 0.0

0.2) (Zuberbier 2004) for mussel allergy, in all ages in Germany.

Assessed using food challenges (Figure 3.8)

Two studies in Europe (Denmark) utilised food challenges to confirm the prevalence of
shelfish allergy. Open food challenges were conducted by both studies and showed a
shrimp allergy confirmed prevalence rate of 0.0% (95% CHA®) (Osterballe 2005) for
under threes, 0.2% (95% CI: €100) (Osterballe 2009) for 22 year olds, and an octopus
allergy confirmed prevalence rate of 0.1% (95% CIl:@&) (Osterballe 2009) for 22 year
olds. One study carried out doultiend placebecontrolled food challenges to shrimp
which showed a confirmed prevalence of 0.0% (95% GLQ) (Osterballe 2005h three
year olds and 0.3% (95% CI. 6110) (Osterballe 2005) in adults. Interestingly in the same
study, when an algorithm was used which took into consideration a convincing clinical
historyand orpositive tests by the same study, the adult prevaleihsierimp allergy was

1.1% (95% CI: 0.8.0).
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STUDY ID

Osterballe 2009
Rance 2005
Touraine 2002
Kavaliunas 2012
Pereira 2005
Pereira 2005
Osterballe 2009
Touraine 2002
Falcao 2004
Zannikos 2008
Kristjansson 1999
Van Bockel-Geelkerken 1992
Kristjansson 1999

Marklund 2004

Figure 3.6

COUNTRY

Denmark

France

France

Lithuania

UK

UK

Denmark

France

Portugal

Greece

leeland

Netherands

Sweden

Sweden

PREVALENCE

YEAR OF STUDY AGE GROUP ALLERGEN METHOD
2001-2002 22 years Crustacean (shrimp) Self-report
2002 2-14 years Crustacean (shrimp) Self-report
2000-2001 5-17 years Crustacean Self-report
NR 5-12 years Crustacean (shrimp) Self-report
2002-2003 11 years Crustacean (prawn) Self-report
2002-2003 15 years Crustacean (prawn) Self-report
2001-2002 22 years Mollusc (octopus) Self-report
2000-2001 5-17 years Mollusc (oyster) Self-report
2000 >39 years Mollusc (octopus, squid) Self-report
2007 7-13 years Shelifish Self-report
1994 1.5 years Shellfish Self-report
1988-1989 5-6 years Shellfish Self-report
1994 1.5 years Shelifish Self-report
2003 13-21 years Shellfish Self-report
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STUDY ID

Bumey 2010

Bumey 2010

Bumey 2010

Zuberbier 2004

Schafer 2001

Bumey 2010

Bumey 2010

Bumey 2010

Bumey 2010

Bumey 2010

Bumey 2010

Bumey 2010

Zuberbier 2004

Figure 3.7

COUNTRY

Belgium

France
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Germany

Germany

lceland

Italy

Norway

Spain

Sweden

Switzerland

UK

Germany

YEAR OF STUDY

2000

2000

2000

1999-2000

1997-1998

2000

2000

2000

2000

2000

2000

2000

1999-2000

AGE GROUP

20-44 years

20-44 years

20-44 years

All ages

25-74 years

20-44 years

20-44 years

20-44 years

20-44 years

20-44 years

20-44 years

20-44 years

All ages

PREVALENCE

ALLERGEN

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (crab)

Crustacean (crab)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Mollusc (mussels)

METHOD

SIgE

SIgE

SIgE

History + SPT

SPT

SIgE

SIgE

SIgE

SIgE

SIgE

SIgE

SIgE

History + SPT

I 1
I i 1

| |

I = 1
L |
I = 1
l |
I L 1

0.0 2.5 5.0 7.5 10.0 12.5

% Prevalence (85% CI)

Shellfish allergy prevalence in Europe diagnosed by sensitisation methods
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STUDY ID

Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2005
Osterballe 2009
Osterballe 2005
Osterballe 2005

Osterballe 2009

Figure 3.8

* Participants with possible FHS; sedported (questionnaire) FHS or a positive outcome in at least one of the following: skin prick, histamine
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Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

YEAR OF STUDY

2000-2001

2000-2001

2000-2001

2000-2001
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2001-2002
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<3 years
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3 years

3-22 years

3-22 years
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=22 years

=22 years

22 years

PREVALENCE

ALLERGEN

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Crustacean (shrimp)

Mollusc (octopus)

METHOD

History + OFC

Other”

History + DBPCFC

Other*

History + DBPCFC

Other*

Other*

History + DBPCFC

Other*

Other*

0.0

0.5

1.0

Shellfish allergy prevalence in Europe diagnosed by foedhallenge methods
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% Prevalence (95% CI)
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3.4.5 Fish allergy prevalence across different regions of the world

(See Figures 3.9, 3.10 and 3.11)

African

In the African region, only one study reporting fish prewake data could be found, which
has been conducted in Ghana. This study found the reported prevalenb@ yéd&r old

children to be 0.3% (95% CI: N/R).

Americas

In the Americas region, there were six studies which used questichaard methods to
calculate the prevalence of fish allergy. The highest reported fish allergy in adults was seen
in the United States (2.7%, 95% CI. 4&) (Greenhawt 2009) and the lowest was seen in
Canada (0.6%, 95% CI: 0.4B78) (BerShoshan 201). One study conducted in the

United States measured the reported prevalence of fin fish alleref ye@r olds to be

0.3% (95% CI: 0.90.4) (Gupta 2011), and 0.6% (95% CI:-0.9) in 1417 year olds. A

study carried out in Canada which utilised a coaowig clinical history as its diagnostic
method showed that in children under the age of 18 the prevalence of fish allergy was
0.18% (95% CI: 0.@.36) (BerShoshan 2010), whereas the prevalence of adult fish

allergy was 0.56% (95% CI: 0.3R273) (BerSho$ian 2010). Using clinician diagnosed

fish allergy, the highest prevalence for children was 0.2% (95% C0.8)1(Sicherer

2004) in the United States and the lowest prevalence found in Canada was 0.0% (95% CI:
N/R) (BenShoshan 2010). For adults the higiherevalence was 0.6% (95% CI:-©.9)

(Vierk 2007) in the United States and the lowest was 0.12% (95% C400L68in Canada
(BenShoshan 2010). One study measured sensitisation of the whole study population

usingserum SlgHests and found that 0.0085% CI: 0.05.3) (Burney 2010) of 284 year

“ BenShoshan (2010) prevalence and confidence interval are reported to two decimal places, as it was no
possible to calculate the prevalence based on raw data and therefagort as per the study.
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olds were sensitised to fish. Surprisingly, no studies could be found which adopted food

challenges to confirm the prevalence of fish allergy in the Americas region of the world.

Eastern Mediterranean

There wa only one study identified from the Eastern Mediterranean region of the world,
this study, conducted in the United Arab Emirates, reported that the clinician diagnosed
prevalence of fish allergy in children-@years old) was 2.8% (95% CI: 1551) (Al

Hammadi 2010).

South East Asia

In the South East Asia region, five studies utilised questionrbased methods, one skin
prick tests combined with a clinical history and one food challenges to confirm fish allergy
prevalence, however none of these stutkesrt on the occurrence of adult fish allergy.

The highest reported prevalence seen in Thailand was 1.1% (95%-Ql7D(Lacaraya

2012) for 37 year olds, compared to the lowest which was 0.3% (95% CL.2)1

(Santadusit 2005) of 6 month year otls also in Thailand. When a convincing clinical
history was used, the prevalence in1Blyear olds in Thailand was also 0.3% (95% CI:
010. 7) (Connett 2012). One study which as
in Korea for 1215 year olds remrted a slightly higher reported prevalence of 0.8% (95%

Cl: 0.7-1.0) (Oh 2004). With regards to a convincing clinical history and a positive SPT
result combined, the prevalence was 0.2% (95% Cl1@P(Santadusit 2005) of 6 month

6 year olds in Thailad. This was also the case fo 3iear olds based on an open food

challenge (0.2%, 95% CI: 6D4) (Lacaraya 2012).
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Western Pacific

In the Western Pacific region of the world questionnbased methods were used by four
studies andhree studies used SPT a&tum SIgEThere was no food challenge data for
fish allergy in this region of the worl d.
in 20-44 year olds in Australia was 2.1% (95% CI:-3.8) (Woods 1998). In Taiwan in

over 19 year olds, the prevalence was lower at 1.2% (95% G1.4)Qvhen a clinician
diagnosis of fish allergy was used. The reported prevalence of childhood fish allergy was
4.3% (95% CI: 4.84.7) (Connett 2012) in 146 year olds in the Phillipines, 36 (95%

Cl: 2.02.6) (Connett 2012) based on clinical history irR1B4year olds in the Phillipines,

and 1.5% (95% CI: 1-:3.7) (Wu 2012) of 418 year olds in Taiwan according to a

clinician diagnosis. In contrast the lowest prevalence forrspbirted, knical history and
clinician diagnosed fish allergy were 0.3% (95% CI:-0.€) (Leung 2009) of-Z year

olds in Hong Kong, 0.3% (95% CI: 6@24) (Connett 2012) of 146 year olds in

Singapore and 0.2% (95% CI: €015) (Leung 2009) of 27 year olds in ktpKong
respectively. A study in Australia showed 0.0% (95% C1:21X) (Burney 2010) fish
sensitisation in 2@4 year olds. For children the sensitisation rate ranged from 0.2% (95%

Cl: 0.01.4) (Chen 2011) to 0.8% (95% CI: @2%5) (Hu 2010) in China.
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STUDY ID REGION
Obeng 2011 African
Ben-Shoshan 2010 Americas
Ben-Shoshan 2010 Americas
Ben-Shoshan 2010 Americas
Ben-Shoshan 2010 Americas
Ben-Shoshan 2010 Americas
Ben-Shoshan 2010 Americas
Marrugo 2008 Americas
Sicherer 2004 Americas
Sicherer 2004 Americas
Vierk 2007 Americas
Vierk 2007 Americas
Greenhawt 2009 Americas
Sicherer 2004 Americas
Sicherer 2004 Americas
Sicherer 2004 Americas
Sicherer 2004 Americas
Sicherer 2004 Americas
Gupta 2011 Americas
Gupta 2011 Americas
Gupta 2011 Americas
Gupta 2011 Americas
Gupta 2011 Americas
Gupta 2011 Americas
Al-Hammadi 2010 Eastern Mediterranean
Oh 2004 SE Asia
Oh 2004 SE Asia
Kim 2011 SE Asia
Oh 2004 SE Asia
Oh 2004 SE Asia
Santadusit 2005 SE Asia
Lao-araya 2012 SE Asia
Connett 2012 SE Asia
Connett 2012 SE Asia

Woods 1998
Leung 2009
Leung 2009
Connett 2012
Connett 2012
Connett 2012
Connett 2012
Wu 2012
Wu 2012
Wu 2012

Figure 3.9

Westem Pacific
Westem Pacific
Westem Pacific
Westem Pacific
Westem Pacific
Westem Pacific
Westem Pacific
Westem Pacific
Westem Pacific
Westem Pacific

COUNTRY YEAR OF STUDY AGE GROUP

Ghana 2006-2008 5-16 years
Canada 2008-2009 <18 years
Canada 2008-2009 <18 years
Canada 2008-2009 <18 years
Canada 2008-2009 >18 years
Canada 2008-2009 >18 years
Canada 2008-2009 >18 years
Colombia NR All ages
us 2002 0-5 years
us 2002 6-17 years
us 2001 >18 years
us 2001 >18 years
us NR >18 years
us 2002 1840 years
us 2002 41-60 years
us 2002 >61 years
us 2002 All ages
us 2002 All ages
us 2009-2010 0-2 years
us 2009-2010 3-5 years
us 2009-2010 6-10 years
us 2009-2010 11-13 years
us 2009-2010 14-17 years
us 2009-2010 <18 years
UAE 2006 6-9 years
Korea 2000 6-12 years
Korea 2000 12-15 years
Korea 2006-2007 1 year
Korea 2000 6-12 years
Korea 2000 12-15 years
Thailand NR 0.5-6 years
Thailand 2010 3-7 years
Thailand 2007-2008 14-16 years
Thailand 2007-2008 14-16 years
Australia 1998 20-44 years
Hong Kong 2006-2007 2-7 years
Hong Kong 2006-2007 2-7 years
Philippines 2007-2008 14-16 years
Philippines 2007-2008 14-16 years
Singapore 2007-2008 14-16 years
Singapore 2007-2008 14-16 years
Taiwan 2004 <3 years
Taiwan 2004 4-18 years
Taiwan 2004 >19 years

PREVALENCE

ALLERGEN METHOD
Fish Self-report
Fish Self-report |———
Fish Clinical History  f—a—i
Fish Clinician-diagnosed
Fish Self-report | e |
Fish Clinical History ———
Fish Clinician-diagnosed | ™
Seafood Self-report [ ————
Fish Clinician-diagnosed p—
Fish Clinician-diagnosed | pe—
Fish Self-report ——
Fish Clinician-diagnosed ——
Fish Self-report L
Fish Clinician-diagnosed ——
Fish Clinician-diagnosed ——
Fish Clinician-diagnosed | —a—]
Fish Self-report .
Fish Clinician-diagnosed e
Fish (fin fish) Self-report —
Fish (fin fish) Self-report ——
Fish (fin fish) Self-report —
Fish (fin fish) Self-report —
Fish (fin fish) Self-report ——
Fish (fin fish) Self-report [ s |
Fish Clinician-diagnosed I 1
Fish Self-report =
Fish Self-report —]
Seafood Self-report ——
Seafood Self-report *
Seafood Self-report o—
Fish Self-report ——eee]
Fish Self-report F J
Fish Self-report ——
Fish Clinical History ——i
Fish/shellfish Self-report
Fish Self-report o
Fish Clinician-diagnosed | k|
Fish Self-report ——
Fish Clinical History [ ——— |
Fish Self-report ———
Fish Clinical History L]
Fish Clinician-diagnosed| S ———
Fish Clinician-diagnosed ——
Fish Clinician-diagnosed ———
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

% Prevalence (95% CI)

Fish allergy prevalence in other regions of the world diagnosed by questionnaitesed methods
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STUDY ID

Burney 2010

Santadusit 2005

Burney 2010

Chen 2011

Hu 2010

Hu 2010

Figure 3.10

REGION

Americas

SE Asia

Western Pacific

Western Pacific

Western Pacific

Westemn Pacific

Fish allergy prevalence in other regions of the world diagnosed by sensitisation methods

COUNTRY

us

Thailand

Australia

China

China

China

YEAR OF STUDY

2000

NR

2000

2009

1999

2009

PREVALENCE

AGE GROUP ALLERGEN
20-44 years Fish
0.5-6 years Fish
20-44 years Fish

1 year Fish
0-2 years Fish
0-2 years Fish
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SIgE

History + SPT

SIgE

SPT

SPT

SPT

2 3
% Prevalence (95% Cl)
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STUDY ID REGION COUNTRY YEAR OF STUDY AGE GROUP ALLERGEN METHOD

Lao-araya 2012 SE Asia Thailand 2010 3-7 years Fish History + OFC }—- |

0.0 0.5 1.0 1.5 2.0 2.5
% Prevalence (895% CI)

Figure 3.11 Fish allergy prevalence in other regions of the world diagnosed by foechallenge methods
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3.4.6 Shellfish allergy prevalence across different regions of the world

(See Figures 3.12, 3.13 and 3.14)

African

In the African region, only one study reporting shellfish plewvee data could be found
from Ghana. This study found the reported shrimp allergy prevaleneg@ry&ar old

children to be 0.1% (95% CI: N/R).

Americas

In the Americas region, there were five studies which used questioiaaed methods to
determineghe prevalence of shellfish allergy. Only one of these studies, carried out in the
United States, specifically asked about crustacean allergy, finding that for adults the
reported prevalence was 0.7% (95% CI-0.6) (Vierk 2007) and the clinician diagmak
prevalence was 0.4% (95% CI: @Z) (Vierk 2007). The remaining studies report on
O0shell fish aller gy credorteé aldrgy,\the highest raportech r
prevalence seen in adults was 9.0% (95% CH18.B) (Greenhawt 2009) atioe lowest

was 1.7% (95% CI: 1:2.1) (Vierk 2007). The highest reported shellfish allergy in

children was 2.0% (95% CI: £2.5) (Gupta 2011) and the lowest was 0.5% (95% C#: 0.3
0.8) (Gupta 2011). The prevalence according to a convincing clinical hvgasr.5%

(95% CI: 0.180.82) (BenShoshan 2010) for under 18 year olds and 1.69% (95% CFE 1.39
1.98) (BenrShoshan 2010) for over 18 year olds. The clinician diagnosed prevalence for
adults ranged from 3.1% (95% CI. 2357) (Sicherer 2004) to 0.71% (95% G.58-0.84)
(Ben-Shoshan 2010), and for children the range was 0.7% (95% €1.1).4Sicherer

2004) to 0.06% (95% CI: 0.60.10) (BerShoshan 2010). Three studies usedum SIgE
tests to report on sensitisation to shellfish. The highest sensitisatiiswere 6.1% (95%

Cl: N/R) (Liu 2010) of 819 year olds and 6.7% (95% CI: N/R) (Liu 2010) of5®year
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olds, and the lowest were 5.2% (95% CI: N/R) (Branum 2009) of under 18 year olds and
0.0% (95% CI: 0.65.3) (Burney 2010) of 284 year olds. As wasbserved earlier with
regards to the review of fish allergy in this region, there was no food challenge data on the

prevalence of shellfish allergy found.

Eastern Mediterranean

No studies reporting on the prevalence of shellfish allergy could be foundtimEastern

Mediterranean region of the world.

South East Asia

Both studies on shellfish allergy in the South East Asia region used questidraserce
methods, sensitisation tests and food challenges. The highest reported crustacean (shrimp
allergy wa 3.1% (95% CI: 1:5.3) (Lacaraya 2012) of J year olds. The lowest was

0.7% (95% CI: 0.2.1) (Lacaraya 2012) of J year olds reporting an adverse reaction to
crab. With regards to mollusc allergy, the reported prevalence was 0.2% (95% C#)0.0
(Lac-araya 2012)ford year ol ds and for oO0sh®I | fisho
(Santadusit 2005) of 6 month year olds. The sensitisation rates (including a clinical

hi story) for both shrimp and O6shell fisho
prevalence ranged from 0.3% (95% CI:-Q.2) (Santadusit 2005) to 0.9% (95% CI:-0.3

2.4) (Lacaraya 2012) for shrimp allergy, and 0.2% (95% CI:D4) (Lacaraya 2012) for

crab allergy. No data was available for adult shellfish allergy.

Western Paci€

Looking at the Western Pacific region prevalence rates were based aepsetfin two

studies, clinical history in one, cliniciafiagnosis in two, SPT in three, asgrum SIgEn
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one. No study used food challenges to confirm the prevalence of @itiséaicean or

mollusc allergy. One study reported clinicidiagnosed prevalence for over 19 year olds
in Taiwan with shrimp allergy affecting 3.3% (95% CI:-3.8), crab allergy 2.3% (95%

Cl: 2.0-2.5) and mollusc allergy 1.5% (95% CI: .%) (Wu 2012) The highest reported
shellfish allergy was 11.6% (95% CI: 1018.4) (Shek 2010) of 146 year olds and the
lowest was 7.2% (95% CI: 6&1) (Shek 2010) in-6 year olds, in Singapore. The
prevalence range was lower when a convincing clinical histosyapparent (5.1%, 95%

Cl: 4.361 vs 1.2%, 95% CI: 0-8.1) (Shek 2010). In Taiwan the clinician diagnosed
prevalence was 4% (95% CI: 3474) for shrimp allergy and 0.4% (95% CI: A.2) for

crab allergy (Wu 2012). Adult shrimp sensitisation was repdaaée 2.3% (95% CI. 0-8
5.5) (Burney 2010) in Australia and in children the latest data from China indicated it was
0.3% (5% Cl.oa . 7) (Hu 2010) . For o6shell fisho

Cl: 0.20.7) (Osborne 2011) of 125 month olds in Astralia.
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STUDY ID

Obeng 2011
Vierk 2007
Vierk 2007

Santadusit 2005
Laoc-araya 2012
Lao-araya 2012
Leung 2009
Leung 2009

Wu 2012

Wu 2012

Wu 2012

Wu 2012

Wu 2012

Wu 2012

Lao-araya 2012
Lao-araya 2012

Wu 2012

Wu 2012

Wu 2012
Ben-Shoshan 2010
Ben-Shoshan 2010
Ben-Shoshan 2010
Ben-Shoshan 2010
Ben-Shoshan 2010
Ben-Shoshan 2010

Gupta 2011
Sicherer 2004

Gupta 2011

Gupta 2011
Sicherer 2004

Gupta 2011
Gupta 2011
Gupta 2011
Vierk 2007
Vierk 2007

Greenhawt 2009
Sicherer 2004
Sicherer 2004
Sicherer 2004
Sicherer 2004
Sicherer 2004

Santadusit 2005

Shek 2010
Shek 2010
Shek 2010
Shek 2010
Shek 2010
Shek 2010

REGION

African
Americas
Americas

SE Asia
SE Asia
SE Asia
Waestern Pacific
Westermn Pacific
Westemn Pacific
Western Pacific
Waestern Pacific
Westemn Pacific
Western Pacific
Western Pacific
SE Asia
SE Asia
Western Pacific
Western Pacific
Western Pacific
Americas
Americas
Americas
Americas
Americas
Americas
Americas
Americas
Americas
Americas
Americas
Americas
Americas
Americas
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Figure 3.12 Shellfish allergy prevalence in other regions of the world diagnosed by questionnaibased methods
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3.5 Discussion

The aim of this chapter was to study the epidemiology of fish and shellfesgy by
investigating therevalene of fish and shellfish allergyhis systematic review is the first

to provide comprehensive data on the prevalence of fish and shellfish allergy across
different age groups and geographical regions of the world. Overall, the majority of studies
weregraé d as having a O6highé risk of bias f
bias for sampling strategy. Most of the studies identfieented datiiom the European
region, in particular there was a paucity of data from the African and Eastern
Mediteranean regions, and in all regions there was a predominance tqaadiatric

rather than aduttohorts. There were larger numbers of studies which reported on fish
compared to shellfish allergyrevalenceand there were even fewaudieswhich reported

on mollusc compared to crustacean allggggvalence

3.5.1 Review of findings in light of existing literature

To summarise, in Europe the range of reported prevalatesof fish allergy assessed by
guestionnairdbased methods was much higher in aleild with a range of 0.0% to 7.0%
(number of studies= 18; low risk of bias for diagnostic method= 3, low risk of bias for
sampling strategy=5) than adults where the range was 0.2% to 1.5% (number of studies= 5
low risk of bias for diagnostic method= 1wlaisk of bias for sampling strategy=1). This
finding suggests a higher range of reported prevalexstescompared to that of a previous
review(Rona et al., 200Ayho found that the variation in reported prevaleratesof fish

allergy ranged from 0% to 2%. The difference in prevalence ramgegén the two

reviews is due to an increased number of studies being included in the current review; the
higher prevalence estimates in the current review come from studies which have not been
included in Rona et af2007)(Kajosaari 1982; Kristjansson 1999; Martir@aneno 2000;

Mustafayev 2012; Pyrhonen 2009; Touraine 2002; Young 1994). Sensitisation rates
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identified in this review were between 0.0% and 2.9% for adults (hnumber of studies=3 ;
low risk of bias for diagnostimethod=0 , low risk of bias for sampling strategy=1) and
0.0% and 2.7% for children (number of studies=9; low risk of bias for diagnostic
method=2, low risk of bias for sampling strategy=6). When a convincing history was
combined with evidence of sensdtion to determine prevalence, the reported prevalence
ratesof fish allergy was much lower; 0.1% for all ages and 0.0% to 0.6% for children
(number of studies=4; low risk of bias for diagnostic method=2, low risk of bias for
sampling strategy=0). This ssmilar to the symptomatic and sensitised rates to fish
reported by Rona et §Rr007)(0.5% or less). Food challenge confirmed prevalence rates
were between 0.0% to 0.2% in adults (number of studies= 3; low risk of bias for diagnostic
method=3, low risk of bias for sampling strategy=0) ai@d®to 0.3% in children (number
of studies=5; low risk of bias for diagnostic method=5, low risk of bias for sampling
strategy=1), which is similar to the prevalence reported by Rona(a0el)for children
(0.4%) however the current review also included three additional studies that food

challenged adults.

With regards to other regions of the world, the highest reported rates for fish allergy were
seen in the Americas region for adults (2.7%) and in the Eastern Mediterranean region for
children (2.8%). Prevalencatesbased on a clinicdlistory ranged between 0.56% in

adults in Canada to 1.2% of adults in Taiwan and from 0.18% of children in Canada to
2.3% of children in Philippines. Prevalence rates basedatinieian diagnosis ranged

from 0.12% in Canada to 1.2% in Taiwan for aduttd 8% in Canada to 1.5% in Taiwan

for children. Sensitisation rates were 0.0% of adults in the United States as well as
Australia and 0.2% to 0.8% of children in the Western Pacific region. The only study to

report food challenge data indicated that 0.2%hildren in the Soutiitast Asia region
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have a fish allergy. There is currently no published review which includes studies from

other regions of the world to compare the findings of the current review to.

With regards to shellfish allergy, in Europe tieported prevalenaatesof crustacean

allergy assessed by questionndiesed methods was 2% for adults and 0.1% to 5.5% for
children (number of studies= 4; low risk of bias for diagnostic method=0, low risk of bias
for sampling strategy=2), mollusc @lgy ranged from 0.4% to 0.5% for adults (number of
studies= 2; low risk of bias for diagnostic method=1, low risk of bias for sampling
strategy=0) and 1.5% for children, and shellfish allergy was reported in the range of 0.1%
to 1.5% of children (numbeif studies= 3; low risk of bias for diagnostic method=1, low

risk of bias for sampling strategy=0). This contradicts previous findings which found self
reported shellfish allergy prevalence reported by studies to be between 0% a(floh2to

et al., 2007) The reason for this is that the higher alence reported by Rona et al.
(2007)comes from a study which was excluded from the present review as it did not meet
the inclusion criteridbecause athe way the data is reported. There was only one study
which reported sensitisation rates to mollusc, reporting 0% sensitisation in alhages i
Germany. For crustacean allergy there were no studies which looked at sensitisation status
in children. For adults this ranged from 0% to 10.3% (number of studies= 3; low risk of
bias for diagnostic method=0, low risk of bias for sampling strategy=hia Bbal(2007)

found a lower sensitaion rate of 0% to 2.5%, however this discrepancy is due to new
studies being included in the current review becausastconducted more recentijood
challenges confirmed a 0% prevalence of crustacean allergy in children and a 0.3%
prevalence of cruatean allergy in adults. The confirmed prevalence of mollusc allergy in

children was not investigated but for adults this was 0.1%.
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In other regions of the world, the reported prevaleates assessed by questionnaire

based methods, for crustacean gNewas 0.4% of adults and 0.1% of children in the

United States and 3.3% of adults and 4% of children in Taiwan, for mollusc allergy it was
0.2% of children in Thailand and 1.5% of adults in Taiwan, and shellfish allergy ranged
from 0.71% of adults and @6 of children in Canada to 9% of adults in the United States
and 11.6% of children in Singapore. Sensitisation studies indicated 0.0% to 6.7%
sensitisation to crustacean in adults (hnumber of studies= 2; low risk of bias for diagnostic
method=0, low risk bbias for sampling strategy=0) and 0.0% to 6.1% for children

(number of studies= 5; low risk of bias for diagnostic method=1, low risk of bias for
sampling strategy=1). Two studies from the South East Asia region reported food
challenge proven prevaleno€0.3% to 0.9% for shrimp allergy and 0.2% for crab allergy

in children. The findings suggest that the reported prevalence of fish allergy is slightly
higher in children than in adults in both Europe and other regions of the world. However, it
is importart to note that there were a far greater number of studies which investigated the
prevalence of childhood fish allergy compared to adult and so the prevalence of adult fish
allergy could be underestimated. One possible explanation for the disparity umthem

of studies examining adult versus paediatric fish and shellfish allergy is the perceived ease
of recruiting children over adults as well as that adults with food allergies are sometimes

lost to follow up in the healthcare system.

When comparing Ewape with the rest of the world, the reported prevalence of fish allergy
is higher in children but lower in adults, sensitisation is higher in Europe for both adults
and children, whereas prevalemagesbased on food challenges were similar in children in
Europe and South East Asia. The reported prevalence of shellfish allergy is higher in

children than adults in Europe however in studies where a food challenge was utilised for
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the diagnosis of crustacean allergy the prevalence was actually found thé@eihigdults
than children. In other regions of the world, a similar pattern was seen for questionnaire
based methods. However the sensitisation rates were higher in adults than children. The
lack of food challenge data means that comparison of foocedgalldiagnosed shellfish
allergy between children and adults in other regions of the world is not possible as there
was only one study utilising food challenges in this context. Overall, there were very few
studies which investigated mollusc allergy, wiitle majority looking at crustacean or
shellfishallergycombined (the study did not distinguish between crustacean and mollusc
allergy). Therefore further studies are needed which measure the impact this allergy has or
a population. Comparisons betweenioag show the selfeported prevalence of

crustacean allergy is higher in all age groups in Europe than other regions of the world
however prevalence rates for children are lower in Europe than South East Asia when

based on a food challenge diagnosed gyler

This review is restricted by three key limitations which makes understanding the true
prevalence of fish and shellfish allergy challenging. Firstly, the poor coverage of evidence
base in many of the world regions especially data reporting on mollesgyaand adult
populations. Secondly, the poor quality of methodology found with many of the studies
included in the review, with few adopting the gold standard of diagnosis (food challenges)
and instead assessing food allergy prevalence with questiedaaied methods which are
known to overestimate the true prevalef®hansson et al., 2004; Rona et al., 2007,
Skypala & Venter, 2009)Thirdly, the heterogeneity in the criteria that studies used for the
diagnosis of allergy and overall description of the study design in the research articles,
including methodologies for the diagnostic tests and cut off points, which funtiers

comparisons across studies challenging. Furthermore it would have been informative to
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have been able to discuss the different types of fish and shellfish allergy independently, i.e.
whether IgEmediated or non Igihediated and the specific specieplicated, however

this was not possible due to the lack of information and clarity provided in the research
papers. It is important to understand the mechanisms involved in fish and shellfish allergy
as reactions could be due to other adverse reactiohssuoxic poisoning, or sulphite
sensitivity as well as true food allergy and this would implicate on the prevalence rates
especially with those studies adopting methods which simply ask about any adverse

reactions to foods.

Since the onset of the cuntareview, another review has been published which includes
data on the prevalence of fish and shellfish allergy in Eufidpearu et al., 2014)as well

as cows milk, egg, wheat, soy peanuts and tree nutyalleogir databases were searched

for articles published between January 1 2000 and September 30 2012. In terms of study
design, systematic reviews and matealyses as well as cohort studies, aasdrol

studies, crossectional studies and routine hea#tteestudies were included. The review
included studies that assessed food allergy based omepelt, SPT positivityserum
SIgEpositivity, OFC/DBPCFC, or convincing clinical history. The risk of bias was
assessed using a modified version of the @tidgppraisal Skills Programmes quality
assessment tool. Sixfiwe studies were included in the review by Nwatal.(2014)

review, 31 of which examined fish allergy and 15 shellfish allergy. As part of the
systematic review, a randeeifects metaanalysis for clinically and methodologically
comparable studies was performed to estimate the prevalence of each food allergy based
on the different assessment methods. The lifetime prevalence-oégetted fish allergy

was 2.2%, 0.6% for point seléported prevalence, 0.6% for SPT positivity, 0.7%SwE

positivity, 0.1% for food challenge positivity, and 0.1% for food challesfgestory of
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fish allergy. The lifetime prevalence of se#fported shellfish allergy was 1.3%, 0.7% for
point selfreported prevalence, and 0.1% for food challenge positivity. In the current
review, the corresponding highest point prevalence, inclualirages, of reported fish

allergy was 7% and reported shellfish allergy was 11.6%; sensitisation to fish was 2.9%
and sensitisation to shellfish was 10.3%; food challenge proven prevalence of fish allergy

0.3% and proven shellfish allergy was 0.9%.

There are some important discrepancies to note between the current review and the Nwaru
et al. review(2014) Firstly, only European countries were considered in the review by
Nwaru et al(2014)whereas all countries worldwide were included in the current review.
Secondly, shellfish allergy was not reported by crustacean or mollusc allergy separately
despite being reported separately by many of the included stuadézsas, in the current

review prevalence was reported separately for fish, crustacean and mollusc and where
possible also by the type of species. Thirdly, there was no time period limitation applied to
the current review compared with Nwaru et(aD14)who limited the search strategy to

articles published between 2000 and 2012. However the current review did not perform
metaanalysis as it was deemed that due to the high heterogeneity between studigs poolin
may have suggested misleading prevalences of fish and shellfish allergy. The above
discrepancies can explain the differences found between prevalence estimates. In addition.
the current review presents the khidghest |
estimate as presented by Nwaru e{2014)and so some caution should be applied when
comparing the two reviews. In conclusion, the current review provides a more
comprehensive and up to date reviewywatl as a worldwide perspective, of the

prevalence of fish, crustacean and mollusc allergy when compared to previous reviews

(Nwaru et al., 2014; Rona et al., 2007)
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3.5.2 Strengths

A strength of the current review isethigorous search strategy that was used in the initial
stages of the review which was able to identify all of the studies relevant to the inclusion
criteria for this topic. In addition, experts within the field of epidemiology of food allergy
were used tensure thoroughness of literature searches and in the extraction and
interpretation of the data and in most cases we were able to present the raw data from the
studies and calculate the prevalence and 95% confidence intervals so as to avoid
misreporting o misunderstanding any of the reported results. Furthermore, the current
review is more comprehensive than previous reviews as it includes studies from Europe as
well as other regions of the world (including those from America). Finally, an advantage of
adopting the systematic review methodolagyhat bias is limited during the selection of

studies and so the conclusions made are more reliable and accurate.

3.5.3 Limitations

There are twanainlimitations to the current review which are importanhtde. Firstly,

the search of O6grey |literaturebé could ha
experts in the field, to ensure thoroughness of the literature search and the inclusion of all
potentially relevant studies. Secondly, some potentaigible studies were excluded due

to the lack of clarity of the results, and despite every efforts being made to contact the
study authorsdéd for clarity, not al l resp
the review. The nature of poor repog may be indicative of poor study methodology, as

it is shown that more rigorous studies produce results that are closer to the truth and so it is
believed that these excluded studies would not have significantly altered the overall

findings (Higgins, Altman, & Sterne, 2011)
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3.6  Conclusion and direction for future research

The current study provides comprehensive and up to date estimates of the prevalence of
fish and shellfish allergy agss age groups and regions of the world. The current
systematic review was novel and expanded and improved on existing reviews as it
included studies from across the world, of all age groups, and specific searches for
shellfish species were carried ouh€efe is some evidence to suggest that the prevalence of
fish and shellfish allergy varies according to age and region. The wide variation of
prevalenceatesfound between studies and regions may be due to differing availability
and dietary/cultural practices, and it is still unclear to what effect the age of introduction or
the consumption of raw fish (i.e. sushi) has on the development of chioockdllergy.
However, there is a marked scarcity of high quality prevalence studies for fish and

shellfish allergy; only ten were included in the present review.

Futureprevalenceesearch should utilise more rigorous diagnostic methods and be
conducted across atkgions of the world in both children and adults. A larger evidence

base would then allow for the mechanisms involved in fish and shellfish allergy to be
better understood incl udi n eensitdatiorand cfogsi ng
reactivityacross species, as well as facilitate comparisons across studies which could
assess the true prevalence of this type of food allergy. In addition, future research should
be explicit in the types of species implicated in reactions as this would allovgfeater
understanding of the allergenicity of different species and would also be able to identify
which species clinicians need to be aware of as a possible risk factor depending on the

local availability and consumption.
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This systematic review chaptieas furthered our understanding of the epidemiology of fish
and shellfish allergy, however this is just one part of the picture. We still do not understand
fully the clinical characteristics of fish and shellfish allengydultsand so the next

chapteraims to explore this further.
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CHAPTER 4

THE CLINICAL CHARACTERISTICS OF FISH AND

SHELLFISH ALLERGIC ADULTS
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4.1  Overview

The overall aim of this research is to characterise and describe dishealifish allergy.

The previous study looked at the epidemiology of the disease but it is important for both
clinicians and researchersunderstand the phenotype of fish and shellfitérgyso that

it can be properly diagnosed and manaddis chaper examines the clinical

characteristics of adults with figtind orshellfish allergy in a UK sample. This was
achieved by collecting detailed information on allergic status and allergic history from
adults (>16 years) with a record of fighd orshellfish allergy attending allergy outpatient
clinics at the Isle of Wight, Royal Brompton and Southampton NHS hospitals, as well as
members of an allergy patient support grétine Anaphylaxis Campaign). The results are
discussed in terms of their contributianthe current literature on adult fish and shellfish

allergy and any clinical implications the findings may have.

4.2  Background

4.2.1 Clinical characteristics of fish and shellfish allergy

One novel study that looked to describe the clinical characteristics of children with seafood
allergy in Australia found that 94% had evidence Gégistent atopic disease. In addition,
50% of crustaceaallergic individuals were able to tolerate romigacean fish. Allergic
reactions to other fish species however was common, with one third reporting multiple
clinical reactions to different species and 16% who reported developing symptoms after
inhalation of fish vapours. Interestingly, in children withalergy to tunand orsalmon,

21% were able to tolerate the fish in a tinned féfiorner, Ng, Kemp & Campbell, 2011)

In addition, a study which investigated the probable prevalence ehiglated shrimp

allergy in young adults in Australia, as defined by a positive skin prick test, found that
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those with a positive SPT ttismp were significantly more likely to have current asthma
(p=0.009), nasal allergies (p=0.03) and doctor diagnosed asthma (pgdit)s, Thien,
Raven, Walters, & Abramson, 2008imilarly, Chiang et ak2007)found an increased

risk of shellfish sensitisation in children with allergic rhinitis andkroach sensitisation

and Wu &Williams (2004)found that 90% of individuals with a suspected shellfish

allergy had a positive SPT to house dust mite. However, caution should be applied to the
interpretation of these ressilas a positive SPT indicates sensitsatnly and not

necessarilya clinical crustacean allergy. In summary there is a paucity of published

literature that describes in detail the typical presentatidistofind shellfistallergy.

4.2.2 Rationale forthis study

In summary, while there are good estimates for the prevalence of clinical allergy and
sensitisation to allergens such as milk, peanut and tree nut throughout the lifespan, the
prevalence and understanding of allergies to fish and shellfish are less aodi@raylor,

2008) The previous chapter of this thesis suggests possible differences in shitéfigh
prevalence due to geographical location, and current literature, although scarce, indicates
certain characteristics that distinguish fish and shellfish allergies from allergies to other
foods, such as the severity of symptoms, later onset of diseasersistepee. In addition,
some of the main allergens have been identified in both fish and shellfish, and studies have
looked at cross sensitisatiohfish and shellfish species well as house dust mites,
cockroaches and comorbidity with other allergisedises such as allergic rhiniisit less

is currently known about clinical cross reactivity areeexistingallergies.In order to

improve clinical understanding and successful management of such a prevalent, and
potentially severe food allergy, reseairsmeeded which investigatan detail how these
individualstypically present with regards to their clinical characteristics. In addition,

despite fish and shellfish being considered as two of the most important food allergens
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affecting adults, the majiby of studies to date have been performed on paediatric samples

(Hansen & BindsleMensen, 1992; Helbling, McCants, Musmand, Schwartz, & Lehrer,

1996) Thus, inbrmation about the clinical characteristics of the population understood to

be most affected by fish and shellfish allergies (adults) is an important gap in the literature

and worthy of further study.

4.2.3

Aim and objectives

The principal aim of this stly was to describe the clinical characteristics of distl or

shellfish allergic adults in a UK sample. The term clinical characteristic in this chapter

refers to the typical presentation of these individuals with regards to their food allergy. In

order b achieve this aim, the following objectives were set to:

M

4.3

4.3.1

Describe the atopic status, history of allergic disease and characteristics of the
allergic participants.

Describe the prevalence of fish, crustacean and mollusc allergy and the common
symptoms expeéenced.

Examineco-existingand cross sensitivity within seafood allergy.

Examine otheco-existingfood and aeroallergen sensitivities.

Examine the level of tolerance with regards to tolerance of tinned seafood and the
reactivity to airborne traces.

Descibe the dietary advice and medical management strategies adopted by this

sample.

Methodology

Design

A quantitative crossectional questionnaire design was used for this research.
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4.3.2 Ethical approval and research governance compliance

Ethical approval for the current study was granted by the NRES Committee L-ondon
Bloomsbury on the"2October 2013 (Appendi%). Subsequent to this, Research and
Development approval was gained from the Isle of Wight NHS Tru$t@bfober 2013),
Royal Brompton and Harefield NHS Foundation Trust"(D@cember 2013) and
University Hospital Southampton Foundation Trust'{B&cember 2013) (Appendtc8).

In accordance with Research Governance procedures honorary contracts wer®issue
the author from the Isle of WighNHS Trustand Rgal Brompton and Harefield NHS
Foundation Tust valid for the duration of the research study (Appefd&ik0). It was not
necessary to obtain a honorary contract for University Halspauthampton Fawation

Trust.

All participants were fully informed about the aims and nature of the research, the
procedures used, and their right to withdraw from the study at any point. Written consent
was obtained from all of the participants. The informed consemt, fmompleted
guestionnaires and pro formas were treated as confidential and stored in a locked cabinet
with the author being the sole key holder. Electronic data (questionnaires completed
online) was kept in passwoptotected files. Each participant wassigned a participant
identification number for the purpose of analysis. No identifiable data was used on any

research reports.

4.3.3 Sample

This is a crossectional study that took place across the UK between October 2013 and
October 2014. Thetargeoppul at i on f or thi s studyndwas &
or shellfish allergy. For inclusion in the study participants had to meet one of the following

criteria:
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1 Attending armallergyoutpatient clinic at the Isle of Wight, Southampton or Royal
Brompon hospital for a diagnosed Igiediated or noigE mediated fiskand or
shellfish allergy.

1 A current member of the patient support group Anaphylaxis Campaign who had

selected fistand orshellfish allergy on their member profile.

The current study is @ovel, descriptive and exploratory study and so it was not possible
(nor desirable) to calculate desired sample size based on power. The initial aim of the study
was to recruit 100 participants (50 from alleddiyics and a further 50 fronmé
AnaphylaxisCampaign) as it was deemed a sufficient sample size to represent a range of
different clinical representations of fish and shellfish allergy (in discussion with clinicians
working in the allergy outpatient clinics) as well as taking into account the texpec

response rate for a questionnaire deg§iggimmings, Savitz, & Konrad, 20Q1)

4.3.4 Recruitment

Participants were recruited for the current study through two means. Firstly, in accordance
with Research Governance and the requirements of the trusts involved, a nominated
gatekeeper (an existing member of staff) at three hospital sites in the UK @itgiver

Hospital Southampton, Isle of Wight, Royal Brompton and Harefield) identified patients
who were fishand orshellfish allergic through reviewing the archive of patient letters and
identifying those individuals who underwent and had a positive Sigiotéshand or

shellfish in the last three years. Secondly, a memberfbbsta patient support grouphé
Anaphylaxis Campaign) identified adult members who had indicated a fish/shellfish

allergy on their member profile.
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Once the desired populatitiad been identified a study invitation letter (Appendix

11&12), consent form (Appendik3&14) and allergy questionnaire was posted to the
patient/member, detailing the aims and purpose of the study and inviting them to
participate through completing theaathed consent form and questionnaire. A link to an
online version of the questionnaire was also provided for ease of camplataddition,

the Anaphylaxis Campaign used their social media platform to advertise the research study
providing the online hk to the questionnaire and contact details for the researcher in case
further information was required. Ngaspondents were followed up two weeks after the
initial contact with a reminder letter (Appendi%&16). Participants recruited through the
allergy outpatient clinics were also asked for their consent for relevant information to be

extracted from their clinical notes.

4.3.5 Procedure

Data collection commenced in October 2013 and ended in October 2014. Participants
received a recruitment pack, whicbntained a study invitation, information letter, consent
form and a questionnaire. They were instructed to return the completed questionnaire and
consent form in an enclosed envelope or alternatively to complete the questionnaire online
using the link povided. Reminder letters were sent if the completed questionnaires had not
been received within two weeks. It is recognised that a reminder phone call may have beer
more personal and so may have increased response rates however the NRES committee
requestedhis aspect of the recruitment strategy be removed. The researcher reviewed the
guestionnaires and all participants who had provided contact details were contacted to
prompt for missing or clarification of details where necessary. For those individuals
recruited viaan allergy outpatient clinjeche pro forma was completed by the gatekeeper
who extracted any data obtained from cl i

status, for example results of diagnostic testasitisationio aereallergens and dietary

128



CLINICAL CHARACTERISTICS

advice provided from the individual s me:

formad description provided bel ow).

Survey guestionnaire (Appendl¥)

A self reportedallergy questionnaire was constructed to investigate the allstafus and
charateristics of the participant®Vhile it is recognised that the way in which questions

are presented can influence both the reliability and validity of a €2aMellis, 2016) the
current questionnaineas designed on the basis of the FAIR materé&sn{er, 2006 and
further expanded on the areas identified in the literature review to need further research,
such as the prevalence of-bBorne reactionsand so the theoretical considerations for a
scale development were not applicable in this type of questiordesign Furthermore,

the questions asked replicates those asked by a health care professional during an allergy
outpatient consultation and where possible medical records of participants were checked
for clarification and accuracyhe questionnaires wedeveloped with the help of

dietitians and medical consultants working in the area of food allergy with a specialism in
fish and shellfish allergy, who have a number of years experience in collecting a detailed
clinical history from patients as well as ctmsting questionnaires for the purpose of
epidemiological research (Dr P Turner, Dr | Skypala). A patient representative of the
Anaphylaxis Campaign also piloted the questionnaire for clarity and reke\ease of
completionand accuracy in recall of diical details The questionnaire was made up of 28

guestions, covering seven key sections.

Firstly, the sociedemographic section of the questionnaire included questions on age,

height, weight, country of birth, ethnicity (White British, White Europ&&hijte Other,

Black: British Caribbean, Black: British African, Black: British Other, Asian: British,
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Asian: British Other, Mixed Background, Chinese, Other) and occupation (in particular
whether occupation involves close contact with &sld orshellfish) Secondly, questions
associated with the participantsd curreni
main 14 allergens (fish, crustaceans, molluscs, celery, milk/dairy, egg, lupin, mustard,
peanuts, tree nuts, sesame, soya, wheat, sulpttitves,food allergies), including specific
crustaceans and molluscs were asked. Specifically the questionnaire sought to determine
whether the food was consumed with no problems, avoided for a reason unrelated to
allergy, avoided due to a proven allergistary plus a positive test) or avoided due to a
suspected allergy (positive tastthe absence of a clélaistory). Thirdly, with regards to

the participantds most s evewemaskedabauttlzel | er
age of diagnosis, symmns suffered, the time delay after consuming the food and
experiencing symptoms as well as the method of diagnosis. Fourth, a section on the
participant 6s i ni tandsofsheldishinduded questiensan the tgpe  t
and preparation ohe seafood, the age whitreyexperiencedheir first reaction and

whether it was the first time they had consumed that type of seafood and the initial
symptoms experienced. Fifth, questions exploring the level of tolerance for seafood,
including questionsn subsequent reactions, reactions to steadnorvapour and tinned

fish consumption were asked. In the sixth section, questions were asked about the advice
and management of fignd orshellfish allergy. Finally, the International Study of Asthma
and Alergies in Childhood (ISAAC) questions were included to provide data on the
participantdés history of other allergic
fever). ISAAC is a worldwide epidemiological research progrewhich investigated

asthna, rhinitis and eczema and so it is recognised that these questions are a validated anc
reliable method of obtaining allergy status and history in a questionnaire @esign

Mutius, 1996)
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Pro forma (AppendiX.8)

A pro forma was constructed to caltdurther relevant medical data from the medical

notes of those patients recruited through allergy outpatient clinics, in order to validate the
information provided in the allergy questionnaire and provide further information with
regards to their fisand orshellfish allergy. The pro forma collated the results of any
diagnostic tests (SP$erumSIgE, food challenge, and other relevant blood tests) for fish
and orshellfish as well as any aeroallergens. Questions were also asked about admittance
to hospial following an allergic reaction, any medications prescribed (including the dose),
the dietary advice and management provided to the individual during clinic, and the
patientdos history of other al lindimegviththe di s e :
literature on fish and shellfish allergy characteristia#) the help of medical consultants
working at each of the hospital sites and was piloted for ease of completion and inclusion

of all relevant information prior to usingrfthe purpose of thisesearch.

4.3.6 Data analysis

All data was double entered on SPSS (IBM SPSS Statistics for Mactintosh, Version 22.0).
Online questionnaire responses were directly exported to SPSS from Bristol Online
Surveys. To describe sample characteristics categoadables were expressed as

numbers and percentg@and continuous variables were expressed as mean and range.

To try and gain an understanding of the severity of symptoms experienced, a clinical
grading system was useddodethe reported symptoms. There are a number of clinical
grading systems reported in the literat(4stier et al., 2006; Ewan & Clark, 2001;
Hourihane et al., 2005; Sampson, 2008)vever these systems are complex and rely on a

depth of knowledge of symptoms as gathered in a clinical consultation conducted shortly
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after an adverse reaction. Such information would be impossible to collect accurately
either retrospectively or &iaresearclguestionnaire. Brow(2004)however developed a

simple three level grading system which has potential value for defining reaction severity

in clinical as well as research settings. Grade one reports a mild reactiom jsuhétined

by generalisecrythema, urticaria, periorbital edema, or angioedema. Grade two reports a
moderate reaction, which is defined by dyspnea, stridor, wheeze, nausea, vomiting,
dizziness (presyncope), diaphoresis, chest or throat tightness oniahtpain. Grade

three reports the most severe reaction and is defined by cyanosis, hypotension, confusion,
coll apse, |l oss of consciousness Or inconi

(2004)grading system for data dgsis purpose.

4.4 Results

4.4.1 Description of sample

There were 136 adults from NHS allergy outpatient clinics and 374 members of the
Anaphylaxis Campaign who were identified as being potentially suitable for the study and
sent study invitation packs total 111 participants took part in the study, 48 from NHS
allergy outpatient clinics (three from the Isle of Wight, 32 from Southampton University
Hospital, and 13 from Royal Brompton) (35% response rate) and 63 from the Anaphylaxis
Campaign (17% respea rate). Demographic characteristics of participants are detailed in

Table 4.1.

There were equal numbers of females and males (47.9%) recruited from NHS allergy
outpatient clinics and the majority (72.9%) were from a White/British ethnic background.

Thirty- seven (77.1%) reported a history of hay fever, 35 (72.9%) a history of allergic
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rhinitis, 32 (66.7%) a history of asthma, 31 (64.6%) a history of eczema, 30 (62.5%) a
history of wheeze, and 22 (45.8%) a history of a rash. Twenty participants (41d%) ha
evidence of another confirmed food hypersensitiktyrty-eight (76.2%) individuals from
the Anaphylaxis Campaign were female and the majority (87.3%) were White/British.
Forty-eight (76.2%) reported a history of hay fever, 47 (74.6%) a history of @ecZ&m
(71.4%) a history of wheeze, 42 (66.7%) a history of asthma, 40 (63.5%) a history of
allergic rhinitis and 29 (46%@ history of a rash. Fiftgix reported another diagnosed food

allergywith the most common allergens being peanuts and treenuts

Table 4.1 Demographic characteristics of participants with fish/shellfish allergy
by group
Isle of Southampton Royal Anaphylaxis  Total
Total All
Wight (n=32) Brompton Campaign Clinic
(n=111)
(n=3) (n=13) (n=63) (n=48)
Gender (n, %)
Female 3 16 4 48 23 71
(100) (50.0) (30.8) (76.2) (47.9)  (64.0)
Male - 14 9 13 23 36
(43.8) (69.2) (20.6) (47.9) (32.4)
Ethnicity (n, %)
White/British 3 27 5 55 35 58
(100) (84.4) (38.5) (87.3) (72.9)  (52.3)
White/European - 1 1 3 2 5
(3.1) 7.7) (4.8) (4.2) (4.5)
White/Other - - 1 3 1 4
(7.7) (4.8) (2.1) (3.6)
Black/British 1 1 1 2
Caribbean (7.7) (1.6) (2.2) (1.8)
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Isle of Southampton Royal Anaphylaxis  Total
Total All
Wight (n=32) Brompton Campaign Clinic
(n=111)
(n=3) (n=13) (n=63) (n=48)
Asian/British - 3 1 - 4 4
(9.4) (7.7) (8.3) (3.6)
Chinese - 1 - - 1 1
(3.1) (2.1) (0.9)
Mixed - - 4 - 4 4
Background (30.8) (8.3) (3.6)
Other - - - 1 - 1
(1.6) 0.9)
Allergic History (n, %)
Ever wheeze 2 19 9 45 30 75
(66.6) (59.4) (69.2) (71.4) (62.5)  (67.6)
Ever asthma 2 19 11 42 32 74
(66.6) (59.4) (84.6) (66.7) (66.7) (66.7)
Ever allergic 2 23 10 40 35 75
rhinitis (66.6) (71.9) (76.9) (63.5) (72.9) (67.6)
Ever hay fever 3 24 10 48 37 85
(100) (75.0) (76.9) (76.2) (77.1)  (76.6)
Ever rash - 15 7 29 22 51
(46.9) (53.8) (46.0) (45.8) (45.9)
Ever eczema 1 20 10 47 31 78
(33.3) (62.5) (76.9) (74.6) (64.6)  (70.3)
Other FHS beside seafoo 2 14 4 36 20 56
(n, %) (66.6) (43.8) (30.8) (57.1) (41.7)  (50.5)
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4.4.2 Fish, crustacean and mollusc allergy in this sample

In theNHS allergy outpatient clinic populatiod4.6%adults were diagnosed with fish
allergy,27.1%with crustacean allergy aritd1%with a mollusc allergy. The most common
crustacean implicated was prawn and for mollusc, musSelgnteen (35.4%)dults
reactedo both fish and shellfish species and 20.746) wereallergicto crustacean and

mollusc shellfisn(Figure 4.1).

Fish
14.6% (n=7)

Fish & Fish &
Mollusc Crustacean

0% 23?3% 14.6% (n=7)

(n=10)
Mollusc Crustacean

0 — Mollusc & ) —
2.1% (n=1) Crustacean27'1/o (n=13)

20.8% (n=10)

Figure 4.1  Breakdown of fish and shellfish allergy inNHS allergy outpatient
population

Despite the age range for first reaction being very wie8(gears), for the majority
(58.3%) this allergy was late in onset (post 16 years of abe)most ommon symptoms
experienced during the initial reactiarreitchy rash o the face andhouth (52.1%) and
facial swelling (52.1%jFigure 4.5) Other reported symptoms included feeling
overwhelmed, abdominal pairdiarrhoeanausea, ingestion and a tingling sensation on
the face. Symptoms commonly occurred immediately afgeosxre to the seafood
(47.9%)(Figure 4.6) Interestingly the majority of individuals reported that they had
previously consumed seafood without any adverse reactions (62.5%). Half of the

individuals had suffered further reactions to seafoods, with 68e384 Ihospitalised
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following an adverse reaction (Table 4. Phe breakdown of symptom santy is

illustrated in Figure 4.2.

= Mild 41.7%
Moderate 39.6%
m Severe 16.7%

Figure 4.2  The breakdown of symptom severity for fish and/ or shellfish allergic
individuals from the NHS allergy outpatientpopulation

In the Anaphylaxis Campaign population, B&reported a fish allergy,5.9%reported a
crustacean allergy ar@l3%reported a mollusc allergy. Similar to the allergy outpatient
clinic population, the most common shellfish implicated in reastivere pran and
mussels. Twentgeven (42.%) reported an allergy to bottsii and shellfish species and

16 (25.4%) reporteccross reactivity tarustacean and mollusbellfish (Figure 4.8

Fish
39.7% (n=25)

Fish & Fish &

Mollusc Crustacean
1.6% (n=1) All 11.1%
14.3% (n=7)

Mollusc (n=9) Crustacean
6.3% (n=4) 15.9% (n=10)
Mollusc &

Crustacean
11.1%

(n=7)

Figure 4.3  Breakdown of fish and shellfish allergy in Anaphylaxis Campaign
population.
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Unlike the allergy outpatient clinic population, the majority of individuals (47.6%)

reported that their seafo@dlergy was of an early onset (before 16 years of age). The most
common symptoms reported during the initial adverse reaateye facial swelling

(68.3%) andeeling faintand orhypotension (39.7%Figure 4.5) Abdominal pains,
diarrhoearunnynose,dy mout h and O6éanaphyl axi sd wer e
majority of reactions (36.5%) were reported to occur immedi@fegre 4.6) Over half

(52.4%) of seafood allergic individuals had previously consumed the allergen with no
adverse effect, 57.1%ad suffered furtér reactions and 68.3% were hospitalit@bwing

an allergic reaction (Table 4.2)he breakdown of symptom santy is illustrated in

Figure 4.4

= Mild 23.8%
Moderate 31.7%
m Severe 41.3%

Figure 4.4  The breakdown of symptom severity for fish and/ or shellfish allergic
individuals from the Anaphylaxis Campaign population
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Other i ‘

Feeling faint, hypotension |
Wheeze, cough, hoarse voic

Generalised swelling |

Anaphylaxis Campaign

Facial swelling ® NHS allergy clinic

Immediate vomiting

Itchy rash all over the body

Itchy rash around the mouth

0 10 20 30 40 50

Figure 4.5  Symptoms experienced during allergic reaction to fish and/ or shellfish

Don't know

>2 hours

30 minutes- 2 hours Anaphylaxis Campaign

m NHS allergy clinic

<30 minutes

-
*
Immediately W

0 5 10 15 20 25

Figure 4.6  Time of onset of symptoms followng consumption of fish and/ or
shellfish
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Table 4.2  The characteristics of fish and shellfish allergy
Isle of Royal Anaphylaxis  Total Total
Southampton
Wight Brompton  Campaign  Clinic All
(n=32)
(n=3) (n=13) (n=63) (n=48) (n=111)
Fish Allergy 2 17 2 39 21 60
(n, %) (66.6) (53.1) (15.4) (61.9) (43.8)  (54.1)
Crustacean Allergy 2 26 11 31 39 70
(n, %) (66.6) (81.3) (84.6) (49.2) (81.3)  (63.1)
Prawn 2 24 11 26 37 63
Crab 1 18 4 24 23 47
Crayfish 1 17 4 16 22 38
Langoustine 1 16 4 19 21 40
Lobster 1 16 5 18 22 40
Mollusc Allergy 1 15 5 17 21 38
(n, %) (33.3) (46.9) (38.5) (27.0) (43.8) (34.2)
Mussels 1 14 3 15 18 33
Oyster - 12 3 12 15 27
Scallop - 13 4 10 17 27
Clam - 11 4 9 15 24
Squid - 11 3 10 14 24
Octopus - 10 2 9 12 21
Meanage at first 20 29 15 20 25 22
reaction (range) (4-68) (2-42) (0.562) (2-68) (0.568)
Early Onset (<16 - 11 7 30 18 48
years) (n, %) (34.4) (53.8) (47.6) (37.5) (43.2)
Late Onset (>16 1 21 6 27 28 55
years) (n, %) (33.3) (65.6) (46.2) (42.9) (58.3)  (49.5)
First time consumed
seafood (n, %)
Yes 2 7 7 25 16 41
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Isle of Royal Anaphylaxis  Total Total
Southampton
Wight Brompton  Campaign  Clinic All
(n=32)
(n=3) (n=13) (n=63) (n=48) (n=111)
(66.6) (21.9) (53.8) (39.7) (33.3) (36.9)
No - 24 6 33 30 63
(75.0) (46.2) (52.4) (62.5) (56.8)
Never eaten 1 - - - 1 -
(33.3) (2.1)
If no, how many times
previously consumed
Once - 2 1 7 3 10
Occasionally 1 11 2 14 14 28
Regularly 1 6 2 9 9 18
Frequently - 5 1 3 6 9
Suffered further 1 16 7 36 24 60
reactions (n,%) (33.3) (50.0) (53.8) (57.1) (50.0) (54.1)
Hospitalisation 2 16 10 43 28 71
following an allergic (66.6) (50.0) (76.9) (68.3) (58.3) (64.0)

reaction (n,%)

Figure 4.7illustrates the seafood species implicated in the initial adverse reactialhs
participants The most common species were cod, crab and prawn (type unspecified). In 22
reactions, the type of seafood could not be recalled by the individual or in the case of the
all ergy outpatient clinic sample, icabent i i

notes.
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Figure 4.7 Reported seafood species implicated in the initial reaction

Figure4.8 and Figure 4.9 shotle results of the allergy diagnostic tests which were
carried out at the three allergy outpatient clinics. Of interest there \aegeaariety of

skin prick testsserum SlgHests carried out at the Royal Brompton than the Isle of Wight
and Southamptoallergy outpatient clinicsWith regards to food challenges, at
Southampton two patients were challenged to prawn with one pasiéiegon, athe

Royal Bromptoronly one patient had a positive reaction to mussels, with adtter food
challenges negativ€&igure4.10 and Figure 4.11 sha¥e results relating to aeallergen
sensitisation. Across the three allergy outpatientadiit is clear that fish and/shellfish
allergic individuals were also sensitised to various pollens and moulds as well as house

dust mite.
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Figure 4.8  Positive SPT results grouped by NHS allergy outpatient clinic
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Figure 4.9  Positive SIgE resultsgrouped by NHSallergy outpatient clinic
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Figure 4.10 Positive Aeroallergen SPTresults grouped by NHS allergy outpatient
clinic
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Figure 4.11 Positive Aeroallergen SlgEresults grouped by NHS allergy outpatient

clinic

Twelve (25%) participants from ttadlergy outpatientlinic population and 25 (39.7%)
participants from the Anaphylaxis Campaign reported a history of reaction when exposed
to fish/shellfish cooking vapouend orsteam, with the most common symptoms
expeienced being facial swelling (45.9%), wheexsl orcough (40.5%) and itchy rash on

the mouth (27%). Other symptoms reported include itchy rash over the body, immediate
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vomiting, generalisedwelling, feeling fainand orhypotension, nausea and vomiting,
tingling on the lips, anaphylaxis (sedported), sneeze and venous collapse. Of the fish
allergic individuals (n= 60), 17 reported tolerance to fish in a tinned oot a fresh

form (Table 4.3.
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Table 4.3 Reactions to cookingvapours/steam and tinned fish

Isle of Royal Anaphylaxis Total Total
Southampton
Wight Brompton Campaign Clinic All
(n=32)
(n=3) (n=13) (n=63) (n=48) (n=111)
History of reaction to
1 5 6 25 12 37
vapours/steam
(33.3) (15.6) (46.2) (39.7) (25) (33.3)
(n, %)
Symptoms experience
to vapour/steam (n,
%)
Itchy rash on 1 1 8 2 10
mouth (3.1) (7.7) (12.7) 4.2) (27)
Itchy on rash 1 1 4 2 6
body (3.1) (7.7) (6.3) (4.2) (16.2)
Immediate 1 1
vomiting (1.6) (2.7)
Facial 1 4 12 5 17
swelling (3.1) (30.8) (29) (10.4) (45.9)
Generalised 4 4
swelling (6.3) (10.8)
Wheeze/ 1 3 2 9 6 15
cough (33.3) (9.4) (15.4) (14.3) (12.5) (40.5)
Faint/ 1 5 1 6
hypotension (7.7) (7.9) (2.1) (16.2)
1 2 6 3 9
Other -
(33.3) (15.4) (9.5) (6.3) (8.1)
Able to tolerate fish in
6 1 10 7 17
tinned, but not fresh, -
(18.8) (7.7) (15.9) (14.6) (15.3)

form (n,%)

145



CLINICAL CHARACTERISTICS

With regards to the dietary advice given to participants by healthcare professionals, across
the whole sample the most common dietary advice to individuals allergic to shellfish was
to avoid all species of shellfish. For individuals with a fish allergyathace varied, with

the Isle of Wight predominantly advising to avoid only specific fish, whereas Southampton
and the Royal Brompton varied thdvice between avoiding all fish and avoiding specific
fish. Individuals from the Anaphylaxis Campaigportedthat theywere more frequently

advised to avoid all fish.

4.5 Discussion

The aim of the current study was to investigate the phenotype of fish and shellfish allergy
in adults in the UKFish and shellfish allergy is now considered as one of the most
important food allergens affecting allergic adultdEarope The current study provides
important new understanding fish and shellfish allergiadults in the UK, which will

help to facilitate better clinical management of this type of food allergy.

We have found that seafood allergic adults have high rates of allergic history (asthma,
eczema, allergic rhinitis and hayfever) with hayfever most commonly reported. However,
not all seafood allergic adults had other allergies. Of significance, half of tihegzarts

had evidence of another IgE mediated allergy, with peanut and tree nut being the most
common ceexisting allergens. It was found that the most common seafood species
implicated in reactions were cod, prawn and mussels and interestingly co atositis
between fish and shellfish was high with 58.3% affected in the clinic sample, 38.1% in
Anaphylaxis Campaign and 46.8% overall. In addition, 30.6% of participants had evidence
of cross reactivity, or selfeportedan allergy to both crustacean and lustan shellfish.

In the current sample 49.5% were diagnosed with a seafood allergy after the age of 16
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years and 43.2% before 16 years of age; the age range68agehrs. The common
symptoms experienced after the ingestion of fish and shellfish wecaltgp IgE

mediated food allergies; in the majority of cases there was immediate onset of symptoms
and 64% reported having requiredspitalisatiorfollowing a reaction. When using a

grading system for symptoms 31.5% were graded at the lowest levell(Je8611% at

level 2 and 30.6% at level 3. When investigating levels of reaction in this sample it was
found that 33.3% experienced a reaction following exposure to steam/cooking vapours and
the symptoms experienced during these reactions were sever@sdachal swelling,
wheezeand orcough and itchy rash around the mouth. In addition it was shown that 15.3%
were able to tolerate tinned but not fresh forms of fish. In those patients where aero
sensitisation was investigated, there was a high prevatémoesensitisation to pollens,

moulds and house dust mite.

4.5.1 Review of findings in light of existing literature

The finding of the current study that fish and shellfish allergic individualscalsmnonly
have other allergic disease is in line with existing researchre it was reported in

children with seafood allergy that there is a high level of existing giyoyer, Ng,

Kemp, & Campbell, 2011)Despite the current lack of a rigorous natural history study it is
believed that seafood allergy develops later on in life and is a persistent @lardy
Morgan, & Lehrer, 1990however the findings of the current stuttyes not support this
notionas there were similar numbers of individuals diagnosed in childhood as in

adulthood.

The finding that white fish (sin as cod)prawns and mussels were the most common
seafood species implicated in allergic reactions in our sample supports the argument that

offending species typically reflect the local consumption and availability as these types are
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widely consumed ine UK(EFSA NDA Panel, 2014)t is therefore important during
consultation for the specific diet of the population to be taken into account and species
specific tests to be carriegpgaonetit 6r dahemwol
common seafood species, for example in Southampton outpatient allergy clinic the seafooc
panel consists afod, mackerel, tuna, salmon, crab, shrimp and blue nuesstiis may

not reflect the local species which are consumed eswltrin a false negative diagnosis.

In the current study about a third of individuals were allergic to both crustacean and
mollusc species;onfirmingclinical crossreactivity exists. Previous reseaiohvitro has
shown the high degree of IgE cressrsitisation between shellfish species, which is
believed to be due to homologies in tropomyosin found in different sheNiish&

Williams, 2004) It would therefore seem advisable $hellfish allergic individuals to

adhere to the existing advice to avoid all shellfish species in the absence of evidence of
tolerance(Tsabouri et al., 2012)n alignment with previous reseh (Sicherer, Munoz
Furlong, & Sampson, 2004; Turner, Ng, Kemp, & Campbell, 2011; Venter & Arshad,
2011)the current study found that a high proportion of participants (46.8%) also had
evidence ofor self reported;o sensitisation to both fish and shellfish. This is an
interesting finding as it is known that the two main allergens in seafood, parvalbumin and
tropomyosindo not cross react and so it wesieved that fish allergics can safely

consume shellfish andce versglLopata & Lehrer, 2009)A possble explanation for this
finding is the high atopic predisposition of this population however it is difficult to know
whether it is other common allergens playing a role or whether it is a cross reacting allergy
that is being seerither way clarifications needed to ensure the correct dietary advice on
avoidance is being given to firstly ensure safety and secondly to thieaidnecessary

elimination of a valuable dietary source.
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The symptoms experienced by this sample are consistent with thosetasisediaan IgE
mediated food allerggSkypala & Venter, 2009 nd are the same as thgseviously
documented in children witteafood allergy in Australiélurner, Ng, Kemp, & Campbell,
2011)The ajlication of a clinical grading system of symptoms wasefultool as it

highlighted that the majority of reactions fall within the moderate category, and an equal
number are experiencing severe reactions as those who experience mild reactions. This is
an important finding as it illustratébe potential severity of a fish and shellfish allergy
However there are limitations of applying a grading system asotbliszas designed for

use by clinicians whereas the current study relied solely on limitedrdata

guestionnaire survey. Hence, caution should be applied to the interpretation of this finding.
A clinician applying a grading system may be more conservative due to their objective role

and so the data in this study may overestimate the severggafons experienced.

The current study found a higher proportion of individuals had experienced reactions to
steam and or cooking vapours than previously reported in children, however the types of
symptoms experienced were similarthose experiencead children,with predominantly

upper respiratory and ocular symptofmsrner, Ng, Kemp, & Campbell, 20113team and
cooking vapours have been recognised as a potential problem for seafood {lleygats

& Jeebhay, 2013)hich has huge ipilications for the management and lifestyle

restrictions for a seafood allergic, such as having to avoid restaurants, food shops or areas
where seafood is prepared and so clinicians need to be aware of reactions to steam and
gatherthefull information aspart of a detailed clinical history. In addition, a small

proportion of participants allergic to fish were found to be able to safely consume fish in a

tinned form but not in a fresh form. This was previously reported in chi(di@mer, Ng,
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Kemp, & Campbell, 20113nd reinforces theeed forcliniciansto advisethe avoidane of
canned fish in fish allergic individuals unless tolerance to canned fish has been
demonstrated. This would preferably be by means of an open food challea§®B$o

canned fish and extradtsdicates sensitivity but not necessarily a clinicadrafy.

In the current sample, there was evidenceoensitisation to aeroallergens such as

pollens, moulds and house dust mite. The possible link with crustacean allergy and house
dust mite allergy has been well documented, and is believed to be due to the high sequenc
homology that shellfish tropomyosiasd tropomyosin from house dust mite shaveng,

Huang, & Lee, 2016)However, it is difficult to draw a conclusive link between shellfish
allergy and house dust mite allergy in the current sample as not all of the participants had

had their aer@llergen sensitisatiogtatus examined.

An interesting and unexpected secondary finding of this research was the wide variation in
the practice and management of fish and shellfish allergy between the three allergy
outpatientlinicsin the UK, with regards to thdiagnctic and investigatory test®utinely
performed. For exampl&outhampton were more likely to investigdte aeroallergen
sensitisation status of patients enabling the further investigation of cross sensitisation to
house dust mite and shellfish allergensprmyosin). Whereas the Royal Brompton were
more likely to carry out diagnostic tests to multiple species of shellfish, for example the
different species of prawn, in order to tease out cross sensitisation within shellfish allergy.
This had an implicationrothe overall findings, as it was difficult to build up a detailed
picture of fish and shellfish allergy when not all participants had received the same
diagnostidests. Furthermore, as there were few food challenges carried out across the

threeallergy autpatient clinicsgaution must be applied to the sample as there was only
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evidence of one challenge proven allergy to prawn and one challenge proven allergy to
mussels. A possible explanation for this finding could be the lack of research and clinical
guidelines for the management of fish and shellfish allergy. It is recommended that the
development of a clinical guideline for fish and shellfish allergy would allow for continuity
of care across UK allergy outpatient clinics, which would allow for compasismbe

made in multicentre research studies.

4.5.2 Strengths

The quantitative approach used in this study has provided the largest and most in depth
investigation into adult fish and shellfish allergy to date. The findings support and extend
the findings of previous research and the study also highlights important avenues for
further research, such as a longevity study to investigate the resolution of fish and shellfish
allergy, the use of DBPCFC to investigate clinical cross reactivity between and figthi

and shellfish species, and the need for the development of clinical management guidelines
for fish and shellfish allergy. The validity and transferability of the findings was ensured

by a large sample and rigorous data collectiorstool

4.5.3 Limitations

This study is not without limitations. As is common with postal questionnaires, the
response rate was fairly low which limited the sample @zisvards et al., 20027 bigger
sample size would have given increased reliability and validity toethéts enabling the
generaligtion and transferabilitgf the findings to the wider allergic population.
Nonethelesghis study is still the largest-depth descriptive investigation into adult
seafood allergy to date and provides important and new insights into this type of food
allergy. Another possibleriitation of this research relates to the recruitment of
participants. Seafoedllergic participants were selected through three NHS allergy

outpatientclinics based in the south of England as well as a support charity. The
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participants were mainly of Whifritish ethnicity and so may not be representative of the
whole allergic population. In addition the local availability and therefore consumption of
seafood species may have been similar. It is plausible that participants who volunteered to
participate irthis research had an interest in allergy or perceived their allergy to cause
significant concern and so the answers may not reflect those of others witladfish
shellfish allergy. Finally it could be argued that the responses of individuals rdcruite
through the support charity may not be entirely accurate, as these aspedkd and

could not be confirmed by medical notes. However, it was of value to include the support
charity as it enabled a larger sample si#enthe findings from the twoamples were
compared it was found the participants from the support charity report higher levels of
atopy and additional FHS as well as higher levels of severe symptoms and the need for

hospitalisatiorfollowing a reaction.

4.6  Conclusion and direction fa future research

In summary, this is a novel study which describes the clinical characteristics of fish and
shellfish allergy in a adult population in the UK. It wdeund that 1) fish and shellfish

allergy often ceexist, 2) seafood@llergic individualdrequently have other atopic

conditions and 3) the clinical phenotype with regards to reactivity to vapours and tolerance
of tinned fish varies hugely between individuals. The findings of this research raises
several questions and so future research dHoak to carry out a natural history study

which would show longevity and possible resolution of this type of allergy. In addition, the
use of double blind food challenges would provide valuable data on cross reactivity
between and within fish and shedlfi species as well as possible tolerance to potentially
lower allergenic forms (i.e. tinned) and species of seafédditionally, uniform SPT and

serum SIgE tests to aeatiergens, fish allergenic proteins and shellfish allergenic proteins
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would map outhe clinical profile of fish and shellfish allergy further. Furthermore
analysing prevalence data to determine whether individuals with a fish allergy are more
likely to have shellfish allergy compared to other allergens would help to further clarify
wheter these two allergies often-eaist and if so the clinical significance of this. Finally,

it would be imperative to carry out a multi centre trial where there was uniformity between
centres with regards to the clinical tests being conducted in orberable to make
comparisons and draw conclusions. Clearer clinical guidelines are needed, such as in the
case of c owslergyfQlaik kt ala 2080; Feogeclyi et al., 2010; Luyt et al.,

2014; Venter, Brown, Shah, Walsh, & Fox, 20&8)o date nothing exists for fish and

shellfish allergy.

The current studyds added to the understanding of how &sll orshellfish allergic

adults in the UK typically present. Now that we have some further understanding of both
the epidemiology (prevalence) and clinical characteristics of this type of food allergy, it is
impot ant to |l ook from the patientds perspe
on their life. The next chapter aims to explore the associated affect ahfistrshellfish

allergy on the healthelated quality of life.
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CHAPTER 5

THE HEALTH RELATED QUALITY OF LIFE OF

FISH AND SHELLFISH ALLERGIC ADULTS
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5.1 Overview

The overall aim of this research is to characterise and describe fish and shellfish allergy,
previous chapters have examined the epidemiology and phenotgpeasdeit is also of

worth to investigate how disease impacts on a patients his.Chapteexamines the
healthrelated quality of life of adult fish and shellfish allergy sufferers in a UK sample.
This was achieved by administering a validated disease specific-ngatédd quality of

life questionnaire to adults (>16 years) with a recordstfdnd orshellfish allergy

attending allergy outpatient clinics at the Isle of Wight, Royal Brompton and Southampton
NHS hospitals as well as members of an allergy patient support gheupr(@aphylaxis
Campaigi. The findings are discussed in terms d@itltontribution to the current

literature on healthelated quality of life and FHS.

5.2  Background

Research on HRQL in FHS has to date established the impact of FHS generally on HRQL,
relative to other diseases in children and adults as well as peaeatgvers. In addition
extensive work has been carried out to develop reliable anddisdidsespecificHRQL
measures for different age groupduraro et al.2014) Diseasespecific measures to
assessealthrelatedquality of life have been developed under Europrevall (a roatitre
birth cohort study involving nine European countries, with the aim to study regional
differences in the prevalence and riaktbrs of food allegies in children) and includae
Food Allergy Quality of Life Questionnaiw®arent FornfDunnGalvin, Flokstrale Blok,
Burks, Dubois, & Hourihane, 2008he Food Allergy Quality of ife Questionnaire

Child Form(Flokstrade Blok et al, 2009)he Food Allergy Quality of Life Questionnaire
TeeragerFom (Flokstrade Blok et al, 2008)and he Food Allergy Quality of Life

QuestionnaireAdult Form(Flokstrade Blok et al, 2009)These instruments were
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developed and validated in 5 stages: item generation using focus groups, expert opinion
and literatureeview; item reduction using clinical impact and factor analysis; evaluation
of internal and testetest reliability and construct validity; evaluation of croafural and
content validity; and longitudinal validity over several time po{ftsekstrade Blok et al,

2009; van der Velde et al., 2009 further this body of research, it is recognised that the
focus now neds to be on ways in which HRQL measurement can indtimcal decision
making health care provision and evaluation. Similarities in the responses to FHS across
countries would suggest that policies and programmes which address HRQL issues may b
of relevance to different populatioflBunnGalvin, Dubois, Flokstrale Blok, &

Hourihane, 2015)Furthermore, a greater understanding of how different FHS may impact
on HRQL provides further understanding of the specific FHS, such as fish and shellfish
allergy, and are helpful in the developmenhtlinician guidelines for the management of

specific allergies as well as providing eviderdussed decision making in practice.

5.2.1 Current state of HRQL research in FHS in adults

Another question of interest in HRQL research is the potential differsn HRQL

between individuals attending allergutpatientclinics and those who are members of

allergy patient support groups. Despite a large proportion of FHS research being conductec
with individuals recruited through consumer organisations, littegarisons have been

made of the characteristics of such individuals with those attending allergy clinics. Indeed
only one study has explored this in relation tod@llergic individuals. In thattudy

potential differences were investigated in familieghviood allergic children with

significantly more differences in the number of reported food allergies, seeking of second
opinions, adrenaline auto injector possession and sources of food allergy information were
shown(Hu, Loblay, Ziegler, & Kemp, 2008 possible explanation provided for why

individualsrecruited through consumer orgsations report higher numbers of food
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allergies was that families of severely allergic children may be more likely to seek support,
as well as families reporting on the basis of-sefort or sensitisation as opposed to
challengeproven allergywhich s known to be an overestimate of the prevalence of FHS
The finding that individuals from a consunwganisatiorare more informed from a range

of sources suggests asenseofsdlff i cacy (an i ndividual 6s |
their FHS), a penomena which has been previously shown to be the result of having a
membership with a consumerganisatior(Trojan, 1989)Literature to date has not

explored whether these differences are also present in adults, nor has it explored whether
an individual 6s HRQL di fthanallergyssppod group® u |l t
attending an allergy outpatient clinic. |
FAQLQ-AF total score (i.e. FH®elated QOL) was statistically and clinically significantly
higher (suggesting poorer HRQL) in adults wheited a doctor, suggesting that a more
impaired HRQL could be a reason to seek medical care (i.e. ask for a referral to an allergy
clinic) irrespective of symptom severitiye et al., 2013although it is challengoto know

which way round thisféect may work.

5.2.2 Rationale for this study

Currently there is no cure for individuals with FHS and a high degree of vigilance is
required for the successful management of this chronic allergic disease. Specifically, fish
and shellfish allergyay havea significant effect on anxiety and stressha tamily, who

tend to adopt more stringent dietary avoidance of seafood than they were advised, perhaps
resulting in a greater impact on quality of l{fiég, Turner, Kemp, & Campbell, 2011)
haspreviouslybeen suggested that fish allergy, as alated factor, represents a

significant and unique contribution to the overall negative affect of FHS on HB&leh
Langenberg et al., 2019h addition, as fish and shellfish allergy often develops latén on

life and is thoughttobper si st ent throughout an indivi

157



HEALTH-RELATED QUALITY OF LIFE

food allergy on HRQL is of particular interest. Yet, to d#tere is a paucity of existing
literature on the effect of FHS on HRQL within an adult population. Understanding of the
total effect on HRQL will enable the comparison of the impact that fish and shellfish
allergy has on an individual with that publish@dother foods in the same population. It

will also provide clinicians with a greater understanding of the emotional support needed

from fish and shellfish allergic patients.

The research to date suggests that FHS has an impact on various fact@sgiagth

dietary, and psychological, which lead to a reduced HRQL. It is hypothesised that the time
of onset of FHS may affect HRQL, as an individual who develops an allergy in childhood
may be more accustomed to life with FHS and the management strategiies! to

prevent adverse reactions. Hence their HRQL may be less impaired by these restrictions. |
addition whether being a member of an allergy patient support group improves HRQL will
be investigated, due to the increased support and reduced isakgamriated with such
membershigTrojan, 1989) Thisinformationwill contribute to a better understanding of
which factors are important in predicting HRQL, which can facilitate preventative and

therapeutic interventions and help clinicians identify at risk patients.

5.2.3 Aim and objectives
Theprinciple aim of this study was to investigate how fish and shellfish allergy affects the
HRQL of adult sufferers in the UK. In particular the study investigated the following

guestions: is it worse compared with other food allergies? And what spedificsfaffect

it?
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In order to achieve this the following objectives were set:
1. To assess the HRQL of adults with a fesid orshellfish allergy.
2. To compare the HRQL of adults with an early onset diagnosis with those with a
late onset diagnosis.
3. To compareghe HRQL of adults recruited through an allergy clinic with those

recruited through a allergy support charity.

5.3  Methodology
Full details of the design, ethical approval and research governance compliance, sample
and recruitment for this study have heeported in detail in the previous chapter (see

sections 4.3.1, 4.3.2, 4.3.3, 4.3.4).

5.3.1 Procedure

Data collection commenced in October 2013 and ended in October 2014. Participants
received a recruitment pack, which contained a study invitationafton letter, consent
form and a validated HRQL questionngjFéokstrade Blok et al, 2009)Appendix 19.

They were instructed to return the completed questionnaire and consent form in an
enclosed envelope or alternatively to complete the questionnaire online using the link
provided. Reminder letters weesent if the completed questionnaires had not been received

within two weeks.

Justification for choice of HROL

The Food Allergy Quality of Life Questionnair&dult Form (FAQLQAF) was first
developed in The Netherlands and was originally writtenutcB It is currently the only
validated diseass peci fi ¢ HRQL scale for adults (O

those whose symptoms relate to oral allergy syndrome only. Thadseihistered
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measure consists of 29 items and four domains: allergeidance and dietary restrictions
(AADR), emotional impact (El), risk of accidental exposure (RAE), and food atlergy

related health (FAH). It has been translated into English (using the guidelines of the WHO)
and validated in the US and a number of Eeeypcountries. In the US an online version

was found to be feasible, consistent and v@idnnGalvin, Dubois, Flokstrde Blok, &
Hourihane, 2015; N.J. Goossens et al., 20A%¥essment of this tool has supported its
reliability; it has demonstrateelx c el | ent i nternal consi sten
(Flokstrade Blok et al, 2009nd testretest reliability(van der Velde et al., 2009 here

i's also evidence to support the instrume]
patients who differ in severity of symptoms, as well as the numbeodfditergies and a

good correlation between the FAQLAF and the Food Allergy Independent Measure has

been demonstratgélokstrade Blok et al, 2009)

5.3.2 Data analysis

Data cleaning and management

The FAQL-AF questionnaires were scored and coded according to the published
guidelines by the original aubrs(Flokstrade Blok et al, 2009Each questioins answered
on a 7#point scale (0 to 6) and was recoded as 1 to 7. Total FAQL scores and domain
scores were calculated by dividing the sum of completed items by the number of
completed items to give a mean score, where 1 equals no impairment and 7 equals
maximum impairment. The questionnaire responses were only analysed when 80% or

more had been completed.

All data was double entered on SPSS (IBM SPSS Statistics for Mactintosh, Version 22.0).
Online questionnaire responses were directly exported to 3B8@Bfistol Online

Surveys. Missing values were computedld®¥. The data set was double checked for any
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outliers and errors. A coding logbook was maintained to ensure consistency during the date

cleaning and coding stage.

Data analysis

In order to evalate tle difference in HRQL sub domain scoeasultivariate analysis of
varianclMANOVA ) wasconducted comparing the HRQL scores of clinic participants

and participants recruited through a supgooup. The mean HRQL score was not
incorporated into the MANOVA because an assumption of MANOVA is that the
dependent variables are not too highly correlated (mulicollinearity). The mean HRQL
score is a composite of each subscale score and so it can be expected to correlate highly
with each of these. Hence aést wasconducted to compare the total HRQL scores of the
two groups. Preliminary assumption testigsconducted to check for sample size,
normality, linearity, univariate and multivariate outliers, homogeneity of vardance

covariarce matrices, and multicollinearity.

To make comparisons between the HRQL of &sld orshellfish allergic individuals in

this sample and adults with O6anwasf oodd al
compared with previously reported European datadoitt ®dRQL collected using the
FAQLQ-AF (N. J. Goossens et al., 2013) computing t (independent sampldsdt).
Thiswasdone using the mean, standard deviation and sample size and a Welch test
(employed when there is a difference in sample sizeberévthe study did not present the
standard deviation, this was calculated from the confidence intervals using the following
equati on: SD-=alNwexlimif) U3®(Higginsl&iWeeks, 2011)European

datawasused as there are currently no published studies reporting HRQL based on the
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FAQLQ-AF in adults in the UK, and so Europe is the second best comparison due to the

similar allergy labeling laws and practices that are in place.

As well as testing for statistical significance, the minimal clinically important difference
(MCID) was alsdestal for. MCID defines the smallest difference in score perceived as
beneficial to patients which wo ulGrdenhanat,n d a1
2014) The specific MCID of the FAQLEAF measure still needs to be estimated through
means of a longitlinal study, and so in its absence, a value of 0.5 will be used. This value
has been described previoughaeschke, Singer, & Guyatt, 1986) use on a-point

HRQL questionnaire instrument and is commonly used, including by other studies

examining the HRQL of food allergic individugB.M. Flokstrade Blok et al., 2010)

5.4 Results

5.4.1 Description of sample

In total 111 participants took part in the study, 48 from NHS allergy outpatient clinics
(35% response rate) and 63 from the Anaphyl@e&spaign (17% response rate).
Completed HRQL measures were available for analysis from 109 participants (98.2%).
Key allergy characteristics of the participants are detailed in Table 5.1. Briefly, fish,
crustacean and mollusc allergy was present in 5468%% and 34.2% of the total
population respectively. Al half of the participants reportea allergy to both fish and

shellfish and 30.6%eported to readb crustacean and molluscan shellfish.
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Table 5.1 Key characteristics of participants with fish/shellfish allergy by group

Isle of Royal Anaphylaxis  Total Total
Southampton
Wight Brompton  Campaign  Clinic All
(n=32)
(n=3) (n=13) (n=63) (n=48) (n=111)
Gender (n,%)
Male 3 16 4 48 23 71
(100) (50.0) (30.8) (76.2) (47.9) (64.0)
Female 0 14 9 13 23 36
(0) (43.8) (69.2) (20.6) (47.9) (32.4)
Fish Allergy (n, %) 2 17 2 39 21 60
(66.6) (53.1) (15.4) (61.9) (43.8) (54.1)
Crustacean Allergy 2 26 11 31 39 70
(n, %) (66.6) (81.3) (84.6) (49.2) (81.3)  (63.1)
Mollusc Allergy (n, 1 15 5 17 21 38
%) (33.3) (46.9) (38.5) (27.0) (43.8) (34.2)
Fish AND Shellfish 2 20 6 24 28 52
Allergy (n, %) (66.6) (62.5) (46.2) (38.1) (68.3) (46.8)
Crustacean AND 1 14 5 14 20 34
Mollusc Allergy (n,%)  (33.3) (43.8) (38.5) (22.2) (41.7)  (30.6%)

5.4.2 Objective one: Assess the HRQL of adults with aafighorshellfish allergy

The scores in the four domains of the FAQA® are shown in Figure 5.1 by group, the
mean score for individual questions are grouped by domain and presented in Figures 5.2
5.5.For all participants, the highest score (lowest HRQL) was found in the domain
emotional impact (M= 4.97, SD= 1.59) and the lst\&ore (highest HRQL) was found in
the domain food allergy related health (M= 4.32, SD= 1.65). The mean total score was

calculated ag.78 (SD= 1.50).
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Figure 5.1  Domains of the FAQLQ-AF (mean score) in fish/shifish allergic adults
by group

The FAQLQ-AF scores were based on-gdint scale, where 1 equates to the best possible
score (highest HRQL). The questions were divided into four domains: Allergen avoidance
and dietary restrictions (AADR), Emotional impact (El), Risk of accidental exposure
(RAE), and Food allergy related health (FAH). Based on the results of the four domains,

the overall HRQL was calculated.
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Food allergy related health (FAH)

Worried that the allergic reactions
to foods will become increasingly
severe

Unclear to which foods you are
allergic

guestions

Worried about your health

& Anaphylaxis Campaign
~ Royal Brompton

& Southampton

i Isle of Wight

2 4 6 8
Mean HRQL score

Figure 5.2

FAH domain questions mean score by group

sk of accidental exposure (RAE) questions

The lettering on labels is too lmall

Troublesome for your host or hostess
should you have an allergic reaction

AAAT OOAOGAOG o-|AU

Ingredients are different in other
countries (e.g. during vacatjon)

Labels are incomplete

Change of ingredients of a product

People underestimate your problems
caused by food allergy

x Sometimes frustrate people when|they

are making an effort to accommogdate
your food allergy

| Q8o

& Anaphylaxis Campaign
~ Royal Brompton

& Southampton

i Isle of Wight

-1

1 3 5 7
Mean HRQL score

Figure 5.3

RAE domain questions mean score by group
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Feel you are being a nuisance
because you have a food allerg
when eating out

Have the feeling that you have|less
control of what you eat when eating
out

Feel discouraged during an allergic
reaction

Apprehensive about eating & Anaphylaxis Campaign
something you have never eaten
before ~ Royal Brompton

pact (El) questions

Frightened of an allergic reaction & Southampton
when eating out despite the fact|that
your dietary restrictions have been i Isle of Wight

discussed beforehand

Emotional im

Frightened of an allergic reagtion

Frightened of accidentally eating the

-1 1 3 5 7
Mean HRQL score

Figure 5.4  EIl domain questions mean score by group

Having to explain to those around ' ' |
you that you have a food allergy

Less able to accept spontaneousl
an invitiation to stay for a meal
Refuse many things during social

activities
Hesitate eating a product when you

@ have doubts about it

© Always be alert as to what you are

1) eating . .

0 & Anaphylaxis Campaign
o Having to read labels

~ ] ~ Royal Brompton

% Less able to taste or try various

g products when eating out & Southampton

~ Able to eat fewer products i Isle of Wight

buy

Allergen avoidance and dietary restrictions

Eating out less often

Check personally whether you can
eat something when eating out
Limited as to the products you can
0 2 4

6 8
Mean HRQL score

Figure 5.5 AADR domain questions mean score by group
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When these results are compared to preloeporteddata collected using the same
FAQLQ-AF measure with adults with FHS, no statistically or clinically significant

difference was found compared to Dutch ad(ves der Velde et al., 2008)lergic to a

range of foods (peanuts, nuts, milk, eggs, wheat, segns fish, shellfish, celery, fruit,
vegetables and 6othersé) (mean=4.41) t (5
(Janssonetal.,,201@8)i t h an all ergy to 6st geWwheat)f oods
(mean=4.85) t(185)= 0.37, p= 0.71. Interestingly, compared to a large European study of
425 participants with FHS which was carried out across 8 countries (Iceland, Netherlands,
Poland, France, Spain, Italy, Greece, Swed&n). Goossens et al., 2014)statistically

and clinically significant difference was found, with fish and shellfish adults from the
current study reporting higher total RAQ-AF scores (poorer HRQL) than individuals

with 6anyé food allergy, (mean=3.71) t (1.

5.4.3 Objective two: Compare the HRQL of adults with an early onset diagnosis with
those with a late onset diagnosis.

An independent sampleddst wa conducted which used the total HRQL scores as the
dependent variable and whether the participant developed the allergy eHsly€ars) or

| at e ( Casthe indepandent)variahlds total, 47 (43.1%) individuals were
categorisedaad bdanfld4p. &3 etwre categori s
of variance was assumed and there was no significant difference found in the total HRQL
for participants with an early onset (M=4.8, SD= 1.41) or late onset (M= 4.75, SD= 1.63)

(1(99)=.168, p=.87).

5.4.4 Objective three: Compare the HRQL of adults recruited through a clinic with those
recruited through an allergy support charity
A oneway betweergroup multivariate analysis of variance was performed to investigate

differences in HRQL sub domastores between the two samplalefgy outpatientlinic
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and Anaphylaxis Campaign). Four dependent variables were used: allergen avoidance and
dietary restrictions score (AADR), emotional impact score (El), risk of accidental exposure
score (RAE), and fad allergy related héth score (FAH). An independeséimples-test

was then conducted using the total HRQL score as the dependent variable and whether the
participant was recruited via an allergytpatientlinic or allergy support group as the

indepenent variables.

Results of the assumption testing prior to MANOVA

Preliminary assumption testing was conducted and the following results were found. With
regards to sample size, it is necessary to have more cases in each cell than there are
dependent varldes. There were a total of eight cells (two levels for independent variable:
clinic sample/support group sample, and four dependent variables for each) and there were
more than the required number of cases per cell (see MANOVA output). Kolmegorov
Smirnovstatistics were produced to check for univariate normality. These were significant
for El score, RAE score and FAH score, indicating the violation of the assumption of
normality; this however is common in larger sample sizes and so no transformation was
peformed on the data and the original data was us#tisubsequent analysis

(Tabachnick & Fidell, 2013)The presence of univariate outlierssidecked for each of

the dependent variables and@plots revealed that there were no significant outliers.
Mahalanobis distances were calculated in order to detect multivariate outliers. Using a
criterion of four degrees of freedom and p<0.001, thecalivalue of Chi square (and
therefore of Mahalanobis distance) was 18.47. One individual had a score that exceeded
the critical value (ID=2, score=25.096); as there is only one individual this person was left
in the data file. To check for linearity a tri& of scatterplots between each pair of

variables was conducted separately for each group, which showed no obvious evidence of
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norlinearity. A MANOVA works best when the dependent variables are moderately
correlated and so checks for multicollinearigyrelations were run which showed some
high correlations (0.8 or above). Boxo6s f
the data does not violate the assumption of homogeneity of vatamagance matrices
(p=0.104) howe v eunlity bfevoevargarice indicaesl thatthd e q
assumption of equality of variance is violated for RAE score (p=0.004). With these results

i n mind, Pill ai s Trace statistic wild.l b

for the violation of somassumptiongTabachnick & Fidell, 2013)

Results of the MANOVA: Comparing sub-domain scores

There was no statistically significant differenaveeen participants recruited via an
allergyoutpatientclinic and those recruited from an allergy support group on the combined
dependent variables (AADR score, El score, RAE score, and FAH score), F (4,104) = 2.17,

p=0.077; Pill ai 6edasquaredes0D8& 0. 077; parti al

However, a clinically significant difference was found between the mean scores from those
recruited through an allergy clinic and support group in the Allergen avoidance and dietary
restrictions (4.47 vs. 5.12) and risk of accidentgosure (4.41 vs. 5.01) domains (Table

5.2). This finding suggests individuals recruited through the support group have poorer

HRQL with respect to these two domains.
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Table 5.2 Mean scores and standard deviations for domains of the FAQL@F

Group AADR El RAE FAH
M SD M SD M SD M SD
Allergy Clinic  4.47 1.71 4.84 1.77 4.41 1.90 4.22 1.76
Support
5.12 1.47 5.06 1.45 5.01 1.49 4.39 1.57
Group

An independensamples-test was conducted using the total HRQL score as the dependent
variable and whether the participant was recruited via an alberpatientclinic or allergy
support group as the independent variables. For the total HRQL scoeenLevd s t e st
not significant and homogeneity of variance was assumed. There was no significant
difference in total HRQL scores for participants recruited through a clinic (M=4.49,
SD=1.61) compared with an allergy support group (M=4.99, SD=1.37) (t(20:765,

p=0.08). The magnitude of the differences in the means (mean differebte85% C}

1.07 to 0.06) was large (eta squared=®). In addition, the difference found in means
suggests a clinically significant difference in the total HRQL scorth, wdividuals from a
support group reportingclinically relevant poorer HRQL than individuals from an allergy

outpatientclinic.

5.5 Discussion

The aim of the current study wasitwestigate how fish and shellfish allergy affects an

i ndi vi du.dndividealstvigh@ lfishand orshellfish allergy have to strictly manage
their everyday lives in order to prevent a reaction occurring and consequently may
experience impaired quality of life. Understanding this effect is important torrtfoe
healthcare provisiomolicy and clinical practicéor fish and shellfish allergy more

generally. Since fish and shellfish allergy are often persistent and develop later on in life, it
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was hypothesised that there may be a negative impact on HRQGbf arterest was how
this may have differed fromn individualexcludingother allergenfrom their diet This
study administered the validated FAQIAF to investigate the HRQL of adults with fish

and orshellfish allergy in the UK.

There were three obgtives which were addressed in the current study. With regards to
objective one, we found that HRQL is negatively impaired in individuals with afidhor
shellfish allergy, with factors associated with emotional impact (i.e. feeling of less control
when eating out, frightened of an allergic reaction, feeling a nuisance due to FHS, feelings
of discouragement and apprehension) having the largest negative effect on HRQL.
Compared to published datdansson et al., 2013; van der Velde et al., 26@%pund no
significant difference between the HRQL scores previously reported in Dutch adults
allergictoarangedfoods as well as Swedish adults
study did however find a significantly higher total HRQL score for fish and/ or shellfish
allergic individuals when compared to a large European study of adults allergic to a range
of foods(N. J. Goossens et al., 201¥Yith regards to objective two, there was no

difference in total score found between those individuals with an early onset diagnosis and
those wih a late onset diagnosis, suggesting that the age an individual develops an allergy
has no effect on their HRQL. Finally, with regards to objective three, we fchaically
significant difference between those individuals recruited through a NH§yadlatpatient

clinic and those from an allergy support group, with individuals from an allergy support
group indicating a poorer total HRQL as well as a greater negative impairment in factors
related to allergen avoidance and dietary restrictions andsthefraccidental exposure.

However, this difference was not statistically significant.
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5.5.1 Review of findings in light of existing literature

There are only a few published studies in adults that utilise a dispaskic validated
guestionnaire for fod allergy, and no studies to date have explored the HRQL of fish and
shellfish allergy specifically and so comparisons are limited. Adults with a peanut allergy
have previously been shown to experience less familial/social disruption, less personal
strainand less financial burden than adults with a rheumatalogical disease but were less
effective in developing coping skil{®rimeau et al., 2000The study did show a

disruption in their quality of life, similar to the results of the current study but as a disease
specific measure was not utilised in the previous study it is not possible to conipare th

findingsto see if there is a difference between peanut allergy and seafood slléfeggrs

A more comparable study is thatd#nsson et a{2013) whosimilarly used the FAQL®

AF to investigate HRQL in adults alleragi
be 4.85; this is similar to the overall mean score found in the current study (4.78) which
suggests fisland orshelfish allergy affects quality of life in a similar way as an allergy to
staple foods. Of difference however was the finding that allergen avoidance and dietary
restrictions had the largest negative effect on HRQL, whereas in the current study
emotional im@act overall had the largest negative effect. This is an interesting finding as it
suggests that fish and shellfish allergy restrictions on the diet are not as problematic as
restricting O0staple foodsd which afeelingi ng!
of a lack of control and fear of an allergic reaction is of greater concern. One possible
explanation for this could be because in contrast with many food allergies, for those
allergic to fishand orshellfish there is the possibility that a reac can be caused by the

inhalation of steamand orcooking vapourgLopata & Jeebhay, 2013} is recommended
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that clinicians are aware of this limitation for fish ahelfish allergic patientsand

provide support and advice on how to manage this risk.

SalehLangenberg et a{2015)showed that adults with a fish or milk allergy experienced a
more impaired HRQL compared to other food allergic individuals and the current study
certainly supports this notion as the HRQL was more impaired than adults with an allergy

t o & a n(y.J.iGoossdséet al., 2014 Further, this shows how HRQL can be affected

by the type of food allergy and so this should be an important consideragonplamning

an individual 6s health care following thi

differing needs, risks and patient reported outcomes dependent on the type of food allergy.

There are a number of plausible explanations for the finthiagindividuals recruited

through an allergy support group regata poorer HRQL than those recruited through an
allergyoutpatientlinic, such as those individuals more severely affected by their allergies
may be more likely to seek support, or the latknedical support from a specialist clinic
may increase an individual 6s anxiety. Ho:
factors explain this finding as more likely it is possibly due to a combination of factors or
individual differences. Ointerest are the similar findings from a study in America which
compared the quality of life of caregivers self reporting a child with food allergy (recruited
via a food advocacy group) and caregivers with children followed up at a food allergy
referral @ntre(Ward & Greenhawt, 2016)t was shown that the caregivers from the

referral clinic had a lower (better) mean total QoL scarghérmore having a peanut or

tree nutallergic child (compared with milk or egg) was associated with a lower QoL score.
This furthers the findings of the current study, which suggest that the burden of FHS is

disproportionate. This finding warrants funttexploration by means of a qualitative study
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whereby the overall aim could be to examine in detail the positives and negatives
associated with being a member of an allergy support group for fish and shellfish allergic

patients, in addition to those witlther food allergies.

5.5.2 Strengths

The current studyoés main strength is that
and shellfish allergy has on HRQL in a large adult sample, where to date there is limited
existing HRQL research. Fugimore this study used a diseapecific HRQL

guestionnaire which has been previously validated and shown to be an invaluable tool in
research which looks to give an insight into the quality of life of adults with FHS
(Flokstrade Blok et al, 2009)The inclusion of individuals from both an allergytpatient
clinic and allergy support group is a strength of the current research as it reflects the full
breadth of the population allergic to fish and shellfish. It is knownitlklatiduals

recruited from these two groups have important differencesaite recruitment from

one or the other wouldaveimplicated the generalisability of the resear@tu, Loblay,

Ziegler, & Kemp, 2008)

5.5.3 Limitations

The current study is not without limitations. Firstly, the validated HRQL measure which
was used was primarily dgsied and developed for the use of adults over the age of 18
years, however in the current cohort participants were recruited from the age of 16 years
and over as this is the age that they are referred to the adult allergy services in the NHS.
Therefore itcould be argued that the validity and reliability of the tool for those individuals
aged 1618 years is not known. However, as there was only one individual who was
recruited under the age of 18 years it is not thought that thibavitimpacedthe oveall
findings of the study. Secondlihe FAQLQAF was developed with an lgiediated

allergy focus (clinician diagnosed). Fish and shellfish allergy is often typical of an IgE
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mediated allergy and rarely implicated in AgiE mediated reactior(Skypala & Venter,

2009) however caution should be applied for those individuals who were recruited via the
Anaphylaxis Campaign as theseswers were selfeported and therefore the possibility of
anonl gE medi ated reaction cannot be entire
reportedo6 fish and/ or shellfish allergy
repr es e ntratdidcian diaghosedllergyt however it has been previously

shown, in gpaediatrigpopulation that there iso difference in HRQL scores between

proven FHS and perceived FH\&enter et al., 2015nd so this limitation should not

affect the findingsThirdly, it is not possible to conclusively say that the HRQL scores

were not affected by the presence of other food allergies or allergic disease. Finally, a
limitation of the current study is the potential sample bias resulting from the volunteer
compktion of the questionnaire. The overall response rate for the study was 22% and so it
could be argued that those individuals choosing to respond felt that their condition had a
significant negative impact on their life. Although this is likely to affelcgedups equally,
including the data collected by other studies, and so the comparison findings are likely to

hold regardless of this fact.

5.6  Conclusion and direction for future research

In summary, this is a novel study which reports the associat€d HRfish and shellfish
allergic adults in the UKThe study findings suggest that thgairmentof fish and

shellfish allergy on HRQImay be greater than that of adults with FHS generally.

Moreover, in the current sampkni n d i v HRQL avdsfoundto benegatively

associated with being a member of an allergy support organisation. Future research is
needed to assess the HRQL of individuals with other food allergies, using the same HRQL

measure. This would then alldar further comparisons to be maddth theoverallaim
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of implementing the findings intieealthcare provisioand clinical decision makinigp

alowt hose d6at r ibstargeted fordnierventibuos acinisisethe burden of
fish and shellfish allergy on their quality of lif€he results of the current study have
contributedto the primary aim of this thesigy providing information orthe burden of

fish and shellfish allergy from the perspective of the patient. The following chapter will
focus on the consolidatiaof the resarchfindings and outline the possible implications of

this research.
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CHAPTER 6

DISCUSSION OF FINDINGS FROM THIS PHD
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6.1 Overview

This chapter collates the findings of {m@gramme of researcihechaptetbeginswith a
brief summary of the ratioteand aims for this research. This is followed by a summary
of the main findings of theéhreestudiesn relation to the existing body of literature and
then thestrengths and limitations of the reseaacbdisaussed. In conclusionhé

implications of the research findingse discussed and future research needs are outlined.

6.2 Rationaleand aims for this research

As little is currently understood about fish and shellfish allergy, in particular in adults,
compared to othesommonallergens such as milk, egg and peanut, the rationale for this
thesiswas built around the need for a more comprehensive understanding of fish and
shellfish allergy, so that the clinical and research communitglie@gmosed anthanage it
more effectively. The main aim of this research was theréfocbaracterise and dedxr
fish and shellfish adirgy, in relation to the prevalence, phenotype and affect on an

i ndi vi durelated gualllyeofdife.t h

To address this aim, three studies were undertaken using a quantitative methodology
approach and the following reseamims and objectives were addressed:
1 Performa systematic review of published and unpublished data related to the
prevalence of fishgrustacean and mollusc allergy.
1 Describe the clinical characteristics of feshd orshellfish allergic adults in a UK
sanple. Thiswasachieved by addresg) the following objectivesdescribe the
atopic status, history of allergic disease and charaadtsristallergic participants;
describe the prevalence of fish, crustacean and mollusc allergy and the common

symptons experienced in this samplexamine cross sensitivity within fish and
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shellfishspecies ando-existingallergybetween the two types of seafoedamine
otherco-existingfood ard aeroallergen sensitivitieexamine the level of tolerance
to tinned fish andhellfish and the reagtty to airborne traces; amdescribe the
dietary advice and medical management strategies adopted by this sample.

1 Investigate how fish and shellfish allergy affects the HRQL of adult sufferers in the
UK. Thiswasachieved by addssng the following objectivesassess the HRQL of
adults with a fistand orshellfish allergy;compare the HRQL of adults with an
early onset diagnosis with thoa&th a late onset diagnosispmpare the HRQL of
adults recruited through an allergy outpaticlinic with those recruited through an

allergy support charity.

6.3 Summary and implications of findings

6.3.1 Findings in relation to the epidemiology of fish and shellfish allergy

As previously discussed in detail in the literattereiewchapter of this thesis, fish and
shellfish allergy constitutes a majoealth concernwith the risk of severe and potentially
fatal reactions higiiPumphrey, 2000; Sampson, 200Byen thogh fish and shellfish
allergy areconsidered major food allezgs(Boyce et al., 2010; Burks et al., 201&2)e
population prevalence is difficult to comprehend due to differences in the diagnostic
methods employed in studiescaalsodue tothe vagueness in reportimghat species are
implicated in reported adverse reacticas well as the type of food allergy (lgiediated
or nonlgE mediated). It ishoughtthat the prevalenaaf fish and shellfish allerggnay

vary according tdactors such aage and geographical locati(g, Turner, Kemp, &
Campbell, 2011)and it is vitally important for both the clinical and research community to

further understanthese differences, in order to identifgtential risk factos.
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The results of theurrentsystematic revieioundfish allergy prevalence rates to b&@®%
according to seltliagnogd, 62.9% according to sensiéison, and €0.3% according to
food-challengesCrustacean allergy prevalence rates were found @1e& 5% according
to selfdiagnosed, €10.3% according to sensitisation, arf.0% according to foed
challenges. Mollusc allergy prevalence rates were found @04k 5% according to self
diagnosed% according to sensitisatipand0.1%according tdood challengeThe
reported prevalence of fish allergy was marginally highehildrenthan theprevalence in
adults worldwidethis conflicts the current notion that adults are more affected than
children. Howevercaution needs to be applied to threling as therevasa far greater
number of prevalence studies which looked at children than ahdtfew studiesvhich
confirmedprevalenceatesbased on fooathallengesand so further researchrisquired in
orderto investigate this further. Intereggly, with regards to shellfish allergy, the reported
prevalence in European countries was higher in children than adults, but based on
challengeproven data it was shown that the prevalence of crustacean allergy was actually
higher in adults than childne This further emphasizes the needrigorous methodology
prevalencestudieswhich adopt the gold standard diagnosis for food alléfiayd
challenges)With regards to geographical differencegrevalence rateshe current
review found fi§ allergyto be similar worldwiddut shellfish allergy was found to be
more prevalent in the South East Asian region. This haspgregiously suggeste(dNg,
Turner, Kemp, & Campbell, 2013And could be caused by dietary exposhut also the
possible cross seitisationbetweerhouse dust mitand shellfishallergens and how this

presents clinicallyvarrants further investigation.

The findings of the systematic review on the prevalence of fish and shellfish allergy

highlights the difficulty of the compreheons of the true prevalence of fish and shellfish
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allergy worldwide with themajority of existing prevalence dateom children, and so

even though it is believed that adults are more affected it is difficult to say this
conclusively. Therefore cliniciarege advised to be aware of the occurrence of this type of
food allergy in childrenFish and shellfish allergy appears to be predominately IgE
mediated with only case reports about the prevalence efgtbmediated seafood

allergies i.e. FPIES howevelinicians are recommendéo be aware of the possible

prevalencein particular in adultsof FPIES.

The main limitation of the systematic reviemdertaken in this researalas in relation to
the included studies themselves. There was a considerablef leeklengeproven
prevalence datautside of Europe which made comparisons extremely difficult.nElee

for thistype ofdata iscritical if we are ever to trulynderstand anientify the potential
differences in prevalence across countries, thusigjian indicabn of how factors such as
diet and theiming of introduction of food impact aime prevalence dfsh and shellfish
allergy.Such data would be able to inform prevention policies and guideDespite
mollusc allergy being considered a ovagllergen, there was a lack of studies which
looked at mollusc allergy prevalence and so there is a gap in our understanding of how
common and problematic this type of shellfish allergysl indeed whether it e/ena

major allergen

In conclusionjt was found that there was a poor quality of methodology of prevalence
studies, limiting our understanding of the epidemiglogfish and shellfish allergy
However, the currergystematic review did add and improve on existing revigéwvwsaru

et al., 2014; Rona et al., 2003 providing a more comprehensive and up to date estimate
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of fish and shellfish allergyruture prevalence research is needed which perfbighs

quality, rigorous fooethallenge to confirm prevalenceates.

6.3.2 Findings in relation to the clinical characteristics of fish and shellfish allergy

As described fullythroughout the literature review, therecigrenty alack of research

which has sought to describe fish and shellfish allergietail Indeed, there is only one
published comparable study which had a similar primary aim to this study, but the sample
was apaediatrigpopulation(Turner, Ng, Kemp, & Campbell, 201, 2yith most research in

this field instead focusing on identifying allergens and csessitisatior{predominately

in vitro studies) across specid$e study detailed in chapter fonfrthis thesihas
providedanimportant new eomprehension of the phenotypgkfish and shellfish allergy,

which will help toimprove theclinical managemendf fish and shellfish allergy

Theresults of the curremesearcHound fish and shellfish allergy to be a complex allergic
disease. Fish and shellfish allergic adults commonly beaexistingallergic diseaseco-
existinglge mediated food allergy (with peanut and tree nut being thecoosnor), and

co sensitisatiorto pollens, moulds and house dust mite were searasihot possible to
examine fully the possible cross reactivity between shellfish allergy and house dust mite as
this was not the primary aim of the current study and salhshellfish allergic

participants hadensitisatioriests to house dust mitéore importantly, data was only
available on those who had a positive test and so the number of negative tests are not
known.However it is an important observation to n@ted as previous research suggests
(Thomas, 2010; Wong, Huang, & Lee201éguires further investigatioithe symptoms
experiencedy this sample were typical of other IgE mediated reactiomsever the
experience of severe reactions following the inhalation of vapours wasoatsoonplace

Furthermoreas well as the expected crosactions seen between fish species and
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shellfish pecieg(including between crustaceans and mollug® current research also
found a high prevalence of sensitisatiorbetween fish and shellfish species. This is an
interesting finding which has been noted be{enter & Arshad, 2011 however the

cause of this is unknown as it is not believed that the allergenic proteins are the same or
have similar structuredased on our current knowleddefar moe plausible explanation

of this finding is that fish and shellfish allergic individuals represent a highly atopic
population and so there is an atopic predisposition to haehegistingsensitisation
Furthermore, the possibility of cross contaminatiamt fish markets and fish counters
should not be ruled out as a possible cause of these reagisomgroportion of the
participants were able to tolerate tinned, but not fresh forms of fish, it may be that
individuals can consume safely some forms afeed which are less allergeniRResults

were in line with the notion that the type of species triggering allergic reactions is
reflective of both the local consumption and availability of seafood; in this UK sample cod,
prawn and mussels were the most owin species implicated in reactioi$ie current

sample found equal number of participants who were diagnosed withaafisdrshellfish
allergy in childhood a1 adulthood. This finding is in contrast with the common belief

that this type of food allgy is more prevalent in adulthoddopata, O'hehir, & Lehrer,

2010) however the results tiie previous chapter asuggest that the prevalence may be

fairly equal.

There are several clinical implications which arise from the findings of the current study.
Firstly, due to the commonly reported-existingallergy to fish and shellfish, it is

important for clinicians to advise patients of this relationsblipwing the diagnosis of

either a fish or shellfish allerghhowever caution should be applied, as the unnecessary

exclusion of allergens from the distnot desirableln the case of a proven allergy to
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shellfish, it is recommended that clinicians continue to adhere to the existing advice to
avoid all shellfish species (crustaceans aadlusg in the absence of challengeoven
tolerance. Secondly, &lse occurrence of a fisknd orshellfish allergy during childhood

was equal to the appearance in adulthood,réaemmended that clinicians a#are of

this as a potential childhood allergyhifdly, the findings of the current study suggest that
there is variability in the tolerance to tinned fish and so it is recommeiodéide possible
tolerance to bé&urther investigated in a clinical setting. The sensitivity to vapours and
steam should be managed effectively, with individuals being made awitie pdssible

risk and clinician$eing aware of the implication for the successful avoidance of adverse
reactions and potential affect this may have on an individuals HRQL and aaatihly,
there is a neefibr thelocal diet and availability ofish and shellfish speciet® be taken

into account during clinical consultat®as these have been shown to be reflective in the
implicating species causing adverse reactions. Finally, the main implication arising from
the current study is the need foanagerant guidelines for fish and shellfish allergy; there
was a marked difference between the diagnostic tests used in clinical paadtite
nutritional and avoidance advice givieetween the three allergy outpatient clinics
included in this research andeddencebasedyuidelines would allovwihe management of

fish and shellfish allergy to be formalized and consistent.

The main limitation of this cross sectional study Wasinconsistencwith the clinical
diagnostic tests performed on the participaatsuited from allergy outpatient clinics
which made it difficult to draw conclusive findings with regards to csessitisatiorand
co sensitisationFurther research whictombinedsensitisatiortestsand food challenges

as methods of diagnosiould allow for cross reactivity anmb-existingallergies to be
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investigated furthedn addition, a larger sample size, involving more allergy outpatient

clinics would have allowed for more detailed statistical analysis.

6.3.3 Findings in relation to th healthrelated quality of life of fish and shellfish allergy
Data on the healthelated quality of life o&llergic individualgs able to inform health care
provision and evidenelbased decision making in clinical pract{@unnGalvin, Dubois,
Flokstrade Blok, & Hourihane, 20159nd provides am depthcomprehension of a

chronic conditiorby examining patient outcomds addition,previousresearch has
identifiedfish and shellfish allergy to be a pattiar contributing factor to the negative
affect of FHS upon healtelated quality of lifgSalehLangenberg et al., 2015)ossiby

due to longevity of the conditioand so further investigation was neede@xplore this
finding further As there are no previously reported studies which measure the HRQL of

fish and shellfish allergic individuals, per se, comparisyedimited.

The results of the current study found the HRQL of &std orshellfish sufferers to be
negatively impairednore so thathat reported by previous study of individuals allergic

to a range of foodd he lowest HRQL was found in the emotional domain impact
suggestinghatfear and anxiety are factors of importance in fish and shellfish all€hgy.

age of diagosiswas found to haveo effectm an i ndi vi dubatlt 6s HRQL
membership of an allergy support group appeared to be linked to a poorer quality of life.
This finding is interestingnd needs further investigation as there have been found to be
many oher benefits also associated with the membership of a patient support group, such
as good adherence in adolescents with a food al(@ames et al., 2015)he above

findings suggest that the burden of allergic diseaamely food allergyis

disproportionate, with somadividuals experiencingoorer healthrelated quality of life

than others. This is an important notion for clinicians and policy makers to be aware of as
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it indicates th@reatneed for personal and tailored medical care following the diagnosis of

a fishand orshellfish allergy.

As patient outcomes such as HRQL has been shown to be linked to patiergragand
currently the only 6cure6 for fish and s
prompt treatment of allergic reactions, it is vital for clinicians to tacklesdinked to

HRQL in a clinical setting in order to improve the overall management of allergic disease.
Further,c | i n ikoowladgedo$actors that contribute to poorer HR@tay enable them

to identify 6éat riské groups to target i

The main limitation of this researstudywas the lack of comparison with other food
allergenslinstead, comparisons have relied on published literature, with varying
methodologiesi-urthermore, asver halfof participantsalsohad otherco-existing

allergies it cannot be conclusively said that the reported affect on their HRQL is solely
caused by theifish and orshellfish allergy. ldwever it was made clear to the participants
before the comgtion of the HRQL measure that they should answer the qusgiased

on the impact of theiish and orshellfish allergy specifically. This may be difficult to
answer in isolation becaustiee restrictions and feelings may cross over when an individual

is allergic to multiple allergens.

6.4  Methodological considration

6.4.1 Strengths
This thesis has a number of key strengiistly, the use of a worldwide systematic
reviewmethodology whi ch is rated at t heGreeahalghp f t

2014) allowed for a norbiased, accurate account of the prevalence of fish and shellfish
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allergy worldwide. The detailed search strategiyh no restrictionglacedon countryand
age andwhich actively searched for the different types of fish and shellfish species,
resultel in the inclusion of altelevant research studies and so the findings of the sardy
be argued to bmbust.Secondlythe current study is to date the largest asathple,
whichinvestigates the clinical characteristics of fish and shellfish all&rigg results of
this study have provideskveral new insights into this type of foakkergy, which will aid
the effectivemanagemenrdand treatment of fish and shellfish aller@irdly, the use of a
pre-validated diseasspecific healthrelated quality of life questionnaiemabled the
validity and reliability of thestudy result@nd has enabled comparisons with previously

published data

6.4.2 Limitations

There are also some limitations to the research which are noteworthy and of important
consideration when interpreting the study findirgsstly, a recruitment bias may exist as
those individuals with an interest in fitbeor food allergy, or those who perceive their
allergy to be of significance and concern may have been more likely to take part.
Unfortunately it was not possible to follow up the fresponders and so there is no data
available to compare the two. Sedbn the three NHS allergy outpatient clinics that were
chosen for this research are all based in the south of England, and so may not be
representative of the larger allergic population and so caution should be applied to the
generalisability of the studyndings. However the inclusion of a national allergy support
charity would have widened the sample geographically as this invited individuals from
across the UK to participate. Thirdly, as the current thesis included asessnal study

it was not pssible for the natural histoof disease, such as the age of onset and

persistency to be investigated.
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6.5 Directions for future research

This study has demonstrateelveral novel findings that have added to the body of
understanding of fish arghellfish allergybut it has also uncovered possible future
avenues for research. The developmemvidencebasectlinical guidelines for fish and
shellfish allergy, similar to what currently exi$tg milk and egg allergyClark et al.,

2010; Luyt et al., 2014)ould be of great wortlgnd could include informatioancovered
from this thesiss well as other published stud@sthe prevalence, clinical presentation,
diagnosisdietary avoidancencluding cross reactiorend management including HRQL
factors for fish and shellfish allergy. Information regardingrttezhanism, natural history
(including theonse and resolutiondf nonlgE mediatedeactions to fish and shellfish
allergy would also be informative, however further research is required in these areas.
More robust prevalence studieslising food challengesn particularthose conducteih
countries outside of Europe and Ameriaee neededA longitudinalresearclstudy is
needed tdoe able tanvestigate the resolution and age of development for fish and
shellfish allergyas prognosis has been shown to reduce the impact of FHS on HRQL
(Savage et al., 2016) would also then be possible to further investigate the clinical
relevance of cross reacting allergens and the existeromeexistingfish and shellfish
allergyand cross reactions with aeatfergens. More information is also needed about the
specific allergens involved in triggering allergic reactions and diagnostic tools to detect
these sensitisations i.e. there are currently five peanut proteins that can be tested for (ara
hl, 2, 3, 5 and 8, and they are developing for 6) but fotHislonlytestis for parvalbumin

and for shellfishs tropomyosin(HoffmannSommergruber & Mills, 2009)

A promising new method, which is also warranted ih &sd shellfis allergy, is food

allergen immunotherapyhich is based on the delivery of increasing doses of allergens
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overtime with the end goal being thes#sitisatiorand tolerance of the individual to the
allergen and which includes oral immunotherapy (OIT), sublingual immunotherapy

(SLIT) and epicutaneous immunotherphy (ERMJood, 2016) To date, these treatments
have been shown to have some success in peanut, egg and milk however there is the
potential for this method to be applied to other food allergens, and trials including fish are
currently underwayMoneretVautrin & Morisset, 2005)Further resealris needed to
uncover the longerm outcomes of these as treatment for food allexgyhe effectiveness

for desensitisatiorhas been shown but the effect on inducing tolerance is currently
unknown However, in orér to develop targeted OIT protocols, there needs to be clarity

about the main allergens that individuals are reacting to.

6.6  Overall conclusion

Fish and shellfish allerggre majoifood allergens recognisedy the European

Community) and are a leading cause of anaphylaxis. Allergic reactions to fish and shellfish
are generally immediate (related to an-lgEdiated allergy), although ndgE-mediated
responses can mplicated Reactions can be triggered ibgestion, skin contact, and in
some casethrough inhalation of cooking vapours, thus making it a difficult allergen to
successfuy avoid. Unlike some allergens (milk, egfih and shellfish allergy does not
seem taesolve with age and therefore ldelg dietary avoidan¢dased on valid and
consistent clinical dietary management adwsceecessaryl he findings from the current
study agree with existing literature but also some novel findings have been Sln@wvn.
original contribution to knowledge rde by this research is, firstly, that it has provided
systematiageview ofup to date prevalence ratés all ages and all countriealowing for

the comparison between the prevalence in children and adults, as well as geographical

differences to be s&. Although a previous review had sought to describe the prevalence

189



DISCUSSION

of fish and shellfish allergy, a worldwide search strategy had not been applied. Secondly,
this research has described in detaildir@cal characteristics af sample of 11&adult

sufferers in the UKsomething which has previously not been done in this population.
Thirdly, this research measured the HRQL of fish and shellfish allergy to further develop
the understanding of fish and shellfish allergy. Previous research has lookedipetelym
atchildren, and where adults HRQL have been measured, literature has looked at FHS as :

wholeor ot her all ergens, such as peanut, cc

In conclusion he man findings of this research are, where fedtillenges have been used
the prevalence of fish allergy was found to b@ 8% and for shellfish allergy was09%,

with shellfish allergy more prevalent in Sotiast Asia. Fish and shellfish allergy often
co-exist, fish and shellfish allergic individuals are highly atopic semnsitisedo aere
allergens, and the clinical phenotype with regards to tinned fish and reactivity to vapours
and steans varied.Different diagnostic methods are used by the threeglloutpatient
clinics involved in the current research and the dietary advice given is incondisient.
HRQL of individuals allergic to fish and shellfish allergy was negatively impaivedall,
affecting the emotional domain the mgs¢rhaps more gban that of individuals allergic

to other foods.
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Appendix 1 Literature review search strategy
The following electronic databases were searched: PubMed, Web of Science, Zetoc,
Cochrane Library. Specific search strategies were tailored for the requirements of each

database and search terms were combined using Boolean operators.

Topic Search terms

Allergy Hypersensitivity, allergy, immunology,
sensitivity, intolerance, anaphylaxis, adverse
reaction

Crustacean Crustacean, crab(s), lobster(s), shrimp(s),
prawn(s), crayfish, langoustine(s), shellfish

Fish Fish. Fishes, Pollock, carp, cod, mackerel,
salmontuna, shark, sea bass, swordfish, hake
sole, megrim, sardine(s), halibut, anchovy,
anchovies, catfish, trout

Healthrelated quality of life Healthrelated quality of life, quality of life,
anxiety, stress, mental health

Mollusc Mollusc(s), oyster(s), sil(s), squid, mussel(s),

clam(s), abalone, octopus, scallop(s)

Conference proceedings and abstracts from the American Academy of Allergy & Clinical
Immunology (2012016), The British Society for Allergy and Clinical Immunology
(20122016), and Europeahcademy of Allergy and Clinical Immunology (202D16)

were searched. Key authors were identified and hand searching of reference lists was
undertakenTo prevent bias, no restrictions were placed on the year of publication,

language or study type.
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Appendix 3 Chapter 3: Further information tables

Further information for questionnaire -based methods of diagnosis

Study ID Self-report Clinician-diagnosed Clinical history
Al- Hammadi _ Parentcompleted a questionnaire regarding _
(2010) allergic disease and atopic family history. A ch

was considered to have food allergy or othe
allergic illness only if it was reported to have

been diagnosed by a physician.

BenShoshan A standardisedjuestionnaire developed Confirmed allergy only if one of the following A convincing history of an IgEnediated reactiol
(2010) previously by Sicherer et al (1999; 2004) to was fulfilled: a) Convincing history of an IgE to a specific food was defined as a minimum ¢
determine the general population prevalence mediated reaction attributed to food and  mild signs/symptoms or 1 moderate or 1 seve

peanut, tree nut, fish, and shellfish allergy int physician confirmation of a positive SPT, serL sign/symptom that was likely IgEhediated and

United States, and modified it to incorporate food-SIgE>0.35 kU/L or a positive food occurred within 120ninutes after ingestion or

questions regarding sesame allergy challenge. B) Never exposed to the favchad contact (or inhalation in the case of fish and

an uncertain history of an lgiediated reactior  shellfish). Reactions were classified as mild
and physician confirmation of a positive SPT ¢ moderate or severe based on the same crite
a foodSIgEabove previously published outlined for BerShoshan 2010.
thresholds (i.e., >15 kU/L for peanut and tree
and >20 kU/L for fish) or a positive SPT and
positive foodchallenge or a positive food

challenge alone

Brugman (1998) A questionnaire on FHS was mailed to pasen _

Once completed this was then checked by tl
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Study ID Self-report

Clinician-diagnosed

Clinical history

school physician or nurse, where some aspec
the childds health w
records of absence, medicinal use, medica
treatment and overall health evaluation.
Connett (2012) This survey was constructed in two parts. Th
first part collected demographic data, the
presence of physiciadiagnosed asthma, eczer
and rhinitis and the occurrence of specific foc

allergies.

Dalal (2002)

Eggesbo (1999) The parents of infants were asked to complet
selfadministered questionnaire on the materr

ward. Further information was collected by

pogal questionnaire every 6 months until the

child reached the age of two. The operation:

definition of the outcome, parentally perceive

reactions to food, was based on the questia

6does the child react

symptoms were listedf parents to mark off

All respondents reporting the occurrence of
specific food allergis completed the second p:
of the questionnaire, which asked more detail

guestions about symptoms and their timing t

determine whether convincing reactions hat

occurred.

Information was obtained from patient medici
records at théamily health centre, and from th
family health centre staff, including nurses ar

dieticians.
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Study ID Self-report

Clinician-diagnosed

Clinical history

what symptoms the child had experienced.

Emmett (1999) Identification of food allergies suffered within
the household. Questions on source of diagnc
doctor consultation, number of reactions, age

first reaction, type ofontact with peanuts
causing the reactions, amount of peanuts tak
symptoms occurring, medication taken, anc
hospitalisation if necessary
Falcoa (2004) Participants completed a large questionnaire
part of an orgoing health and nutrition survey
residents of Porto.

Gelinick (2008)  An initial screening questionnaire contained t\
questions relating to foods, those who disclos
food-related complaints were called once mo
and a similar questionnaire was repeated. Th
suspected of havingfaod allergy were invited

for a personal investigation at the clinic.
Greenhawt (2009) Questions asked about the occurrence of ¢
specific allergic reaction, the symptoms anc
foods attributable to the reaction, emergenc
medications maintained.
Gupta (2011) A convincing food allergy based on self report

conjunction with one or more of the following
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Clinical history

Study ID Self-report

Clinician-diagnosed

reaction symptoms: anaphylaxis, angioedenr

coughing, other oropharyngeal symptoms,

eczema, flushing, hives, low blood pressure

pruritus, troublebreathing, vomiting, or

wheezing. A confirmed food allergy also
included report of physiciadiagnosis with

serumspecific immunoglobulin E testing, skir
prick testing, or an oral food challenge

Kajosaari (1982) _

Kavaliunas (2012) A communitybased survey was undertaken
aimed at collecting basic information on adve!
reactions to foods usingshort questionnaire.
Participants were asked if they had advers¢
reactions to one or more of 24 priority foods

Kim (2011) Food allergy was defined as a convincing hist

Information was obtained from the rhets by
questionnaire. The family history of atopy, th
chil dbébs possible at:«
duration of breasteeding, and the introductior
age for fish, citrus and eggs were recorded. 1
history was confirmed and checked by telephc
interviewswhenever symptoms or signs of ato
were suspected. Allergy to fish was confirmed

elimination and challenge at home.
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Study ID

Self-report

Clinician-diagnosed

Clinical history

Kristjansson (1999

Laoc-araya (2012)

Leung (2009)

Marklund (2004)

Marrugo (2008)

of reproducible symptoms within 2 hours afte
ingestion of single food
A questionnaire was designed based on a
gquestionnaire developed by the Allergology
section of the Swedish Paediatric Association
included 17 questions relating to the duration
breastfeeding, food habits, symptoms relating
adwerse food reactions, other manifestations
allergy and family atopic history.
Parents were asked
demographics, number of siblings, feeding
history during infant
history of atopic disease
Parents were asked about the occurrence a
frequency of any AFR (adverse food reaction)
their children. O6Cur
symptoms in the past
ever 6 was defined as
subjet s6 | i fe ti
Question asked: 6a
hypersensitive to ar
Unclear how the individual food was determin

Questions were asked about personal data ¢

An additional question of whether they receivi
a doctorbés diagnosi:

answered 6yesd were

reporting and doctediagnosed AFR.
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Study ID Self-report

Clinician-diagnosed

Clinical history

occupation and personal history of atopic dise
MartinezGimeno  Extension of the lernational Study of Asthma
(2000) and Allergy in Children (ISAAC study)
guestionnaire.
Mustafayev (2012) Any person answering
your child have any allergic complaint after at
food intake within t
via telephone by a paediatrician trained in foc
allergy.
Obeng (2011) The questionnaire included questions from tt
EuroPrevall study on the symptoms of adver.
reactions to foodwww.europrevall.ory

Oh (2004) The Korean version of the ISAAC questionnai

was administered to the parents of the childr

and to the student themselves in middle scho
Orhan (2009) Questionnaire asking
adverse reaction to any food within tfvours
foll owing consumpti or
0yesd then a furthel
asked to gain information about the reaction
Ostblom (2008a) Any of the following parentally reported
symptoms related to ingestion of a certain foc

were defined as food allergy: asthma, itchy e\
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Study ID

Self-report

Clinician-diagnosed

Clinical history

Ostblom (2008b)

Osterballe (2005)

Osterballe (2009)

PenardMorand

(2005)
Pereira (2005)

Pyrhonen (2009)

Rance (2005)

and orrunny nose, oedema of lips/eyes, urtica
eczema or vomiting/diarrhoea
Parents asked t@port on any reactions to fooc
experienced by their child
Food hypersensitivity to the most common foc
was examined by a questionnaire.
A questionnaire with
suspect hypersensitivity to foodad ord r i n
Enriched version of the ISAAC questionnaire
was used.
The parent and child completed questionnair
and where aurrent adverse reaction to any fo
was stated, they were asked to describe th
symptoms that they experienced.

The baseline questionnaire asked structure
qguestions about the
allergy or hypersensitivity. &ents were asked 1
indicate, per food, whether they never percei

symptoms, never tasted the foods, parents
perceived allergy, physician diagnosed allerg
symptoms occurred in last 12 months and
symptoms occurred more than 12 months a¢

A standard, anonymous

Parental report of doctor diagnosed food aller

The definition of food allergy and FHS was

based on a diagnosis reached by a physicia

223



APPENDICES

Study ID Self-report

your <child

| f 6Yesbo

Clinician-diagnosed

Clinical history
ever had

parents wel

about clinicaland treatment data and the resu
of allergy tests.
Sakellariou (2208) A survey was conducted in the context of

EUROPREVALL.
Santadusit (2005) Parents completed a-li&m food allergy
guestionnaire. Families reporting adverse foc
reactions wer@vited to participate in further
diagnostic investigations.
Schafer (2001) A computerassisted standardised interview
asked whether participants had allergic reacti
to foods and if so the type of reaction was
recorded in detail. The reporteghactions were
catergorised according to reaction site,

furthermore history

recorded.
Shek (2010) Survey conducted using a structured Reactions considereawvincing if organ
guestionnaire used in the US population systems were affected and symptoms were
(Sicherer et al. 2003). typical of allergic reactions (skin: hives and
angioedema; respiratory system: trouble
breathing, wheezing, and throat tightness;

gastrointestinal system: vomiting and diarrhoe
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Study ID Self-report

Clinician-diagnosed

Clinical history

Sicherer (2004)

Touraine (2002) Questionnaire distributed to schools for paret
to answer. The quest.i
child have a food al
further information was gathered about the tyj
of symptoms, and the presence of allergies "
pollen, house dust mites and mould. Also ask
about family atopic disase and any treatmen

received.
Van Bockel Schools sent out questionnaire to parents asl

Geelkerken (1992) them to give details on any adverse reactions
foods (including symptoms, offending foods a

type of diagnosis).

Venter (2006) Par ents completed a

Telephone script with computerized algorithir
Screening questions, to identify individuals,

additional questions administered depending

responses and included those regarding, sev
reactions, lifetime recurreec seafood related

medical history. Algorithms categorised peop

into no allergy, physician diagnosed (self
reported), convincing allergy (levels4) and
probable allergy (levels-3).

occurring within 2hours of ingestion.
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Study ID

Self-report

Clinician-diagnosed

Clinical history

Venter (2008)
Vierk (2007)

Woods (1998)

Wu (2012)

your child currently have a problem with any «
the following foods: Milk, egg, peanut, tree nu
(e.g. almond, brazil), wheat, fish, sesame ar
other? If yes to any of the above foods, cany
describethepo b | e mod
As above.

Persons who answered yes to the question al
currently having any food allergy or suspectir
that they have a food allergy were defined a

persons who selfeported food allergy
Participants completed detailed second pha
ECRHS questionnaire administered by a trair

interviewer. Theguestionnaire covered
respiratory symptoms during the last 12 mont
history of asthma, home and work environme
allergic symptoms, smoking, demographics

medications and dietary information.

On the basis odidditional questions, this food
allergic group was further subdivided on the
basis of whether they had received a docto

diagnosis.

Selfadministered questionnaire. Six reviglve

and analysed questionnaire descriptions ol

symptoms and records

to distinguish food allergy from nen
immunologic adverse food reactions. Case:

diagnosed by clinicians and confirmed by
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Study ID Self-report Clinician-diagnosed

Clinical history

positive laboratory tests were enrolleddaginite
cases. If symptoms occurred within minutes
diagnosis was presumed to be food allergy on
basis of type | immediate hypersensitivity
reaction. Norallergic FHS was usually
characterized by a delayed reaction, occurrir
hours or even days afteating certain food.
Allergic reactions did not depend on the amot
of ingested food, whereas food intolerance
worsened as more food was consumed.
Young (1994) Questions were about perceived connectiol
between food ingestion and allergic symptorr
Zannikos (2008) A survey was conducted in the context of
EUROPREVALL.
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Further information for sensitisation-based methods of diagnosis

Study ID Skin Prick Test Serum SIgETest
Method of Time to read Allergen for testing Method of determining Test used
determining positive response positive test
test
Arshad (2001) Wheal with mean 15 minutes Extracts

diameter >3mm larger
than the negative

control

Standardized extracts were
used when available. All
extracts were from
Biodiagnostic{Reinbek,
Germany) Histamine (0.1%)
in phosphate buffered saline
and physiologic saline as
positive and negative

controls, respectively

Branum (2009)

Burney (2010)

Chen (2011)

Wheal with mean

diameter >3mm larger

15 minutes Extracts
GREER, Lenoir, NC, USA

The range of detectable

serum IgE levels was 0.35 t

1000 kU/L

Detection limit 0.35kU/L

ImmunoCAP 1000

ImmunoCAP
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Study ID Skin Prick Test Serum SIgETest
Method of Time to read Allergen for testing Method of determining Test used
determining positive response positive test
test
than the negative
control
Dalal (2002) Wheal with mean N/R Extracts _ _
diameter >3mm Commercial extracts
(Centrelaboratories, Port
Washington, NY, USA)
Haahtela (1980) N/R >15 minutes N/R _ _
Hu (2010) Wheal with mean 15 minutes Extracts _ _
diameter >3mm Glycerinated food extract
supplied by Greer Company
(Taibei, China)
Johansson (2005) _ _ _ Detectionlimit 0.35kU/L ImmunoCAP
Krause (2002) _ _ _ The cut off for a positive Pharmacia CAP
reaction was¢s
kU/L
Kristjansson (1999) Wheal with mean >15 minutes Prick-to-prick

229



APPENDICES

Study ID Skin Prick Test Serum SIgETest
Method of Time to read Allergen for testing Method of determining Test used
determining positive response positive test
test
diameter >3mm
Liu (2010) _ _ _ There is a lack of data ImmunoCAP 1000
correlatingoutcomes of
allergy for shrimp with IgE
levels, andhus no well
established IgE cut off point
for likely shrimp allergy.
Therefore, shrimp was
treated in accordance with
the typical patterns
described, using a thresholc
of 5 kU/L.
Orhan(2009) Wheal with mean 15 minutes SPT carried out with _ _
diameter >3mm commercially available
extracts of standard food
allergens (Allergopharma,
Reinbek, Germany)
Osborne (2011) Wheal with mean N/R Extracts
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Study ID Skin Prick Test Serum SIgETest
Method of Time to read Allergen for testing Method of determining Test used
determining positive response positive test
test
diameter >3mm ALK, Madrid
Ostblom(2008a) _ _ _ Detection limit 0.35kU/L ImmunoCAP
Serum samples scoring
positive for fx5® were
further analysed towards the
individual allergens included
in the mix
Osterballe (2005) Wheal with mean 15 minutes Skin prick test was MeasurableSIgEwas Pharmacia CAP
diameter >3mm larger performed by the prick classified as a positive test ~ Adults and siblings
than the negative prick technique using a result (ML > 1.43 SU/ml, only.
control selected panel of fresh CAP > 0.35 kUA/I) Magic Lite
unprocessed foods 3 year olds, adults
and siblings
Pereira (2005) Wheal with mean >15 minutes N/R

diameter >3mm
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Study ID Skin Prick Test Serum SIgETest
Method of Time to read Allergen for testing Method of determining Test used
determining positive response positive test
test
Ro (2012) Wheal with mean 15 minutes Extracts The reference value for tota Immulite 2000
diameter >3mm larger SPT allergen extracts were IgE in two-yearold children,
than the negative purchased fronsoluprick® specified by the
control (ALKAbello, Copenhagen, manufacturer, wasi@5s
Denmark) kU/L. The detection limit for
sIgE tests was 0.1 kU/L.
Concentrations of 0.35 kU/L
or above were regarded as
positive
Roberts (2005) Wheal with mean <15 minutes N/R _ _
diameter >3mm
Santadusit (2005) Wheal with mean 15 minutes Commercial food extracts _ _
diameter >3mm or (Center Laboratories, Port
greater than saline Washington, NY)
control
Schafer (2001) Wheal with mean >15 minutes Unclear _ _

diameter >3mm

>2mm
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Study ID Skin Prick Test Serum SIgETest
Method of Time to read Allergen for testing Method of determining Test used
determining positive response positive test
test
Venter (2006) Wheal with mean 15 minutes Commercially available _ _
diameter >3mm extracts (Soluprick SQ
allergensALK
Allergologisk Laboratorium
A/S, Horsholm, Denmark)
to apredefined panel of
foods (milk, egg, wheat, coc
fish, peanut and sesame)
and to additional foods
reported to be a problem.
Venter (2008) As above As above As above _ _
Von Hertzen (2006) Wheal with mean N/R Fish extract _ _
diameter >3mm
Zuberbier(2004) Wheal with mean N/R Prick-to-prick N/R Pharmacia CAP

diameter >3mm
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Further information for food -challenge procedures for methods of diagnosis

Study ID Time-frame for Active and placebo Dosing schedule Method of determining positive Additional
monitoring reactions food carriers test information
Gelincik (2008) 2-12 hours depending or  Peppermint oil, pure N/R N/R N/R
patient history. cacao powder, cereal

flakes, wheat flour, lemot
juice, honey, sugar,

mashed potato, milkshak
rice-pudding, carob,

cinnamonand various

vegetables.

Jansen (1994) 2 hours. Whenever possible, the Amount usually Confirmation was accepted if the N/R
doubleblind ingested, if no reaction, subject had clear symptoms after
provocation was larger dose aftez-7 the active dose and no symptoms
performed with the food days. after placebo.

substance in freeze
dried form, packed in
opaque titanium dioxide
coated gelatin capsules.
If the food was not
available in dried form,
if the indicated test dose
was too large, or if the

symptoms were mainly
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Study ID

Time-frame for

monitoring reactions

Active and placebo

food carriers

Dosing schedule Method of determining positive Additional
test information

Kajosaari (1982)

Kristjansson (1999)

Laoc-araya (2012)

Orhan (2009)

1 week.

N/R

Min 4hours.

Negative DBPCFCs were
followed by open
challenges. Duration
between a negative
DBPCFC and open
challenge was 2 hours. It
the open challenge,

patients received a large

oropharyngeal in nature
the suspected food was
masked in unspecified
vehicle.

N/R

N/R

N/R

A wide variety of foods
were used to mask the
active doses. All active
and plzebo foods were
as similar as possible in
colour, flavourtaste,
consistency, and texture

S0 as not to be

One meal of fish given A skin rash, exacerbation afopic The allergen was

daily until symptoms eczema or urticaria with or first eliminated
appeared or for 1 week. without gastrointestinal from the diet for at
disturbances was defined asa  least 4 weeks or
positive result. until the child was
symptom free.
Initial testdose =19 DBPCFC positive when the patier N/R
5 and 10g given with 30 showed a reaction to the allergen |
minute intervals. not to the placebo.
N/R N/R N/R
15 minutes DBPCFC were considered N/R
The titrated doses used positive if a sinte or a
for fish were 1, 2, 7, 15, combination of the clinical
25, and 50 g. reactions, including cutaneous

(eruption, itching, rash, swelling),
nasal (sneezing, itching, secretiol
blockage), ocular (redness,

itching, secretion), bronchial
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Study 1D Time-frame for

monitoring reactions

Active and placebo Dosing schedule

food carriers

Method of determining positive

test

Additional

information

quantity of food (a meal

size portion for age).

differentiated by the

patients.

Osterballe (2005) The dose intervalvas 15  Codfish was masked in

minutes. A positive chocolate bars with
challenge was divided basic irgredients of
into immediate or late margarine, dark
reactions. The immediate  chocolate, salt, icing
reactions were defined a2 sugar, oat grains, soy
a reaction taking place flour, oat flour and mint.
within 2 h after the last
dose administered,

whereas late reactions

occurred between 2 and

24 h after the ladose.

All participants with a

positive outcome in food

The titrated doses of
codfish were: 125, 250,
1000, 2000, 4000, 8000
and 23,750. Total=39g.

(cough, wheezing, shortness of
breath), gastrointestin@romiting,
diarrhoea), laryngeal (difficulty in

swallowing, difficulty in
speaking), cardiovascular

(tachycardia, hypotension), and

other (sweating, pallor, fainting,

loss of consciousness) symptom
were noted.
N/R

The open
controlled
standardized food
challenge was
performed in all
children <3 yr of
age. The doubte
blind placebo
controlled food
challenge was
performed in
children older than

3 yr of age.
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Study ID Time-frame for Active and placebo Dosing schedule Method of determining positive Additional
monitoring reactions food carriers test information
challenge were examinec
for late reactions by
telephone interview and
reported symptoms were
subsequently
verified/excluded by
clinical examination.
Osterballe (2009) A positive challenge was Codfish was masked in  The dose interval was 1t N/R Open controlled
divided into immediate chocolate bars with min. standardized food
or late reactions. The basic ingredients of The titrated doses of challenge (OCFC)
immediate reactions were margarine, dark codfish were: 125, 250, was performed

with additives,

ddfined as a reaction chocolate, salt, icing 1000, 2000, 4000, 8000,

taking place within 2 h sugar, oat grains, o 23,750 mg of codfish. octopus and shrimp

after the last dose flour, oat flour and mint. Total=39g as no standardized

Open controlled procedures for

administered, whereas
masking the culprit

food in double

standardized food
challenge (OCFC) was

performed with the

late reactions occurred
between 2 and 24 h aftel
blind placebe

the last dose of the food
following dose steps: controlled food

0.5,1,2,4,8,16,32q,
in total 63.5 g of octopus

and shrimp.

had been administered.
challenge

(DBPCFC) were
available. Double

All participants with a
positive immediate
reaction after food

challengewere examined blind placebe
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Study ID Time-frame for Active and placebo Dosing schedule Method of determining positive Additional
monitoring reactions food carriers test information
for late reactions by controlled food
telephone interview and challenge was
reported symptoms were performed with
subsequently evaluated codfi sh,
by clinical examination. mi | k, he
peanut andoy
according to
EAACI guidelines.
Santadusit (2005) Up to 24 hours after the N/R The dose interval was 30 Positive reactions were classifiec  Food challenges
initial introduction of minutes. as early reaction if occurring performed when
foods. Total= normal serving within 6 hours and as late reactiol children were
portion. if occurring between-@4 hours. completely well
Any doubtful reactions to OFC and had
were followed by a DBPCFC. discontinued
antihistamines for
at least 72 hours
before challenges.
Venter (2006) 1 day in hospital for N/R Oneday challenge

immediate and 1 week a
home for norgeneralised

late reactions.

N/R N/R

protocols were based or
the consumption of the
equivalent of 809 of
dried food, unless the

history clearly indicated &
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Study ID

Time-frame for

monitoring reactions

Active and placebo Dosing schedule

food carriers

Method of determining positive

test

Additional

information

different gproach. If
negative, the parent was
asked to give the child
further doses of the food :
home. One week
challenges were based o
normal daily consumptior

for the specific age group
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Appendix 4 Chapter 3: Results tables

Fish allergy prevalence: Europe

_ Convincing o
Year(s) in Seltreport %  clinical history Clinician-
Study ID Country which study Age group Allergen prevalence % prevalence diagnosed %
conducted prevalence
(95% CONFIDENCE INTERVAL)
Osterballe . 0.2
(2000) Denmark 20012002 22 years Fish (cod) (0.01.0)
. , . . 7.0
Kajosaari (1982) Finland 19801981 1 year Fish (5.49.0)
Pyrhonen (2009)  Finland 20012009 1 year Fish 3.5 0.2
y y (2.45.1) (0.0:0.9)
. . , . 6.0
Kajosaari (1982) Finland 19801981 2 years Fish (4.57.9)
Pyrhonen (2009)  Finland 20012009 2 years Fish 4.7 04
(3.46.4) (0.1-1.1)
. . , . 5.0
Kajosaari (1982) Finland 19801981 3 years Fish (3.66.8)
Pyrhonen (2009) Finland 20012009 3 years Fish 3.6 0.9
(2.45.2) (0.4-1.9)
Pyrhonen (2009) Finland 20012009 4 years Fish 4.2 1.0
y y (2.95.8) (0.52.0)
. , : . 0.1
Kajosaari (1982) Finland 19801981 6 years Fish (0.00.8)
PenardMorand . 0.1
(2005) France 19992000 9-11 years Fish (0.1:0.3)
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. Convincing o
Year(s) in Selfreport %  clinical history Clinician-
Study ID Country which study Age group Allergen prevalence % prevalence diagnosed %
conducted prevalence
(95% CONFIDENCE INTERVAL)
. 0.7
Rance (2005) France 2002 2-14 years Fish (0.41.1)
PenareMorand 0.5
(2005) France 19992000 9-11 years Seafood (0.30.7)
. . 4.0
Touraine (2002) France 20002001 5-17 years Fish (2.95.3)
Schafer (2001) Germany 19971998 2574 years Fish /seafood © ;g 2)
. . 1.9
Zannikos (2008) Greece 2007 7-13 years Fish (1.32.6)
Sakellariou . 15
(2008) Greece 2007 20-54 years Fish (1.02.2)
Kristjansson . 2.2
(1999) Iceland 1994 18 months Fish (1.04.6)
. 0.0
Dalal (2002) Israel N/R 0-2years Fish (0.00.1)
Kavaliunas : : . 5.9
(2012) Lithuania N/R 5-12 years Fish (cod) (4.87.3)
Brugman (1998)  Netherlands 1993 1994 4-15 years Fish /crustacear © g_z 0)
Van Bocket 03
Geelkerken Netherlands 1988 1989 5-6 years Fish '
(0.1-0.9)
(1992)
. 1.2*
Eggesbo (1999) Norway 19931995 1 year Fish (0.91.7)
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' Convincing o
Year(s) in Selfreport %  clinical history Clinician-
Study ID Country which study Age group Allergen revalence % prevalence diagnosed %
conducted P prevalence
(95% CONFIDENCE INTERVAL)
*
Eggesbo (1999) Norway 19931995 18 months Fish (11i_52 0)
*
Eggesbo (1999) Norway 19931995 2 years Fish (11i_52 1)
Falcao (2004) Portugal 2000 >39 years Fish 0 El),g 1)
Martinez - i 6.9
Gimeno (2000) Spain N/R 6-13 years Fish (6.27.6)
Ostblom (2008 . 15 0.2
b) Sweden 19952004 1 year Fish (1.1-2.0) (0.1-0.4)
Kristjansson . 3.1
(1999) Sweden 1994 18 months Fish (1.65.7)
Ostblom (2008 . 1.8 0.6
0 Sweden 19961998 2 years Fish (1.42.4) (0.4-1.0)
Ostblom (2008 . 1.2 0.8
0 Sweden 19982000 4 years Fish (0.9-1.7) (0.51.2)
Ostblom (2008 . 1.6
a) Sweden 19992000 4 years Fish (cod) (1.2.2.2)
Ostblom (2008 . 0.8 0.6
b) Sweden 20022004 8 years Fish (0.51.2) (0.4-1.0)
Marklund (2004) Sweden 2003 13-21 years Fish 0 éf 7)
Orhan (2009) Turkey 2006 6-9 years Fish 0 3.‘8 7)
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Year(s) in ICon\:iﬂcing Clinician
3 0 clinical history -
Study ID Country which study Age group Allergen SSL‘;T;:ECQ % prevalence diagnosed %
conducted prevalence
(95% CONFIDENCE INTERVAL)
Mustafayev . 2.3
(2012) Turkey 2010 10-11 years Fish (2.02.7)
. 0.4
Gelincik (2008) Turkey N/R >18 years Seafood (0.30.6)
Venter (2006) United Kingdom 20032004 6 years Fish (cod) © 8:1% 0)
. . : . 0.9
Pereira (2005) United Kingdom 20022003 11 years Fish (0.41.9)
Pereira (2005) United Kingdom 20022003 15 years Fish 1 ig 2)
Emmett (1999) United Kingdom 19951996 15 + years Fish 0.5
(0.40.6)
Young (1994) United Kingdom N/R N/R Fish /crustacear @ %3 1)
Note: *= Study reported prevalence and confidence interval
Year(s) in 0 History & History &
Study ID Country which study Age group Allergen SPT % SPT % Serum SIgE serum SIgE
prevalence % prevalence
conducted prevalence % prevalence
(95% CONFIDENCE INTERVAL)
. . 0.0
Burney (2010) Belgium 2000 20-44 years Fish (0.0-1.5)

® Data interpreted from a graph
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Study ID Country W\;](ia(?r:(:'zulgy Age group Allergen pri\lj;:ﬁce Hg;(_)lr);/o& cyf T)rrlcjar\r/]alselgcl:ze slglritr?lré%E
conducted prevalence % prevalence
(95% CONFIDENCE INTERVAL)
Burney (2010) Estonia 2000 20-44 years Fish (0_%3 4)
VO?ZE'gg)ZG” Finland 2003 7-16 years Fish (o.%f.s)
iiggtg)la Finland N/R 1517 years Fish (15_"71_2)
Burney (2010) France 2000 20-44 years Fish (0_%2_0)
Burney (2010)  Germany 2000 20-44 years Fish (0_2—2.5)
Zl(Jggcr)gi)er Germany 19992000 0-80+ years  Fish (herring) (0_33_3)
Z‘(szgégi)er Germany 19992000  0-80+ years (mgéigr el (o.%é.z)
Schafer (2001) Germany 19971998 2574 years Fish 23
(mackerel) (2.23.9)
Krause (2002) Greenland 1998 5-18 years Fish (0_%1_5)
Kri(s;jggg)son Iceland 1994 18 months Fish (0_2_'2_5)
Burney (2010) Iceland 2000 20-44 years Fish (0_%2_5)
Dalal (2002) Israel N/R 0-2years Fish (0_38_1)
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Year(s) in 0 History & History &
Study ID Country which study Age group Allergen ri\lgleﬁce SPT % (yferrlgcalségfe serum SIgE
conducted P prevalence P % prevalence
(95% CONFIDENCE INTERVAL)
Burney (2010) ltaly 2000 20-44 years Fish © 82 9)
. 0.3 1.1
Ro (2012) Norway 20022006 2 years Fish (0.0-1.8) (0.43.1)
Burney(2010) Norway 2000 20-44 years Fish © (()}i 6)
Johansson . 0.0
(2005) Norway N/R > 18 years Fish (cod) (0.0-1.0)
Von Hertzen . . 0.2
(2006) Russia 2003 7-16 years Fish (0.0-1.8)
Burney (2010) Spain 2000 20-44 years Fish (0 2f 4)
Kristjansson . 0.3
(1999) Sweden 1994 18 months Fish (0.02.0)
Ostblom (2008 . 1.0 0.4
a) Sweden 19992000 4 years Fish (cod) (0.7-1.5) (0.2:0.8)
Johansson . 0.1
(2005) Sweden N/R > 18 years Fish (cod) (0.0:0.7)
Burney (2010)  Sweden 2000 20-44 years Fish © ‘I.‘f 3)
Orhan (2009) Turkey 2006 6-9 years Fish © 2(2) 5)
Venter (2008) K%rgfjeodm 20012005 1 year Fish (cod) © %i’ 0)
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Study ID Country W\;](ia(?r:(:'zulgy Age group Allergen pri\lj;:ﬁce Hg;(_)lr);/o& cyf T)rrlcjar\r/]alselgcl:ze slglritr?lré%E
conducted prevalence % prevalence
(95% CONFIDENCE INTERVAL)
Venter (2008) oMM 20012005 2years  Fish(cod) 37,
Venter (2008) |t 20012005 3years  Fish(cod) 037
Arshad (2001) K%’S;eodm 19931994 4 years Fish (cod) (0_%;5)
Venter (2006) Kﬁg;eodm 20032004 6 years Fish (cod) (0_2;2 1)
Roberts (2005 K%r;;eodm 19982000 7 years Fish (cod) (0_%8_3)
Pereira (2005) K%rgfj%dm 20022003 11 years Fish (cod) (0;3_5)
Pereira (2005) Klif]rggeodm 20022003 15years  Fish (cod) (oé—'g.?)
Burney (2010) K%rggeodm 2000 2044 years  Fish (cod) (o_%fﬁ)
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Year(s) in History and History and Other %
Study ID Country which study Age group Allergen OFC % DBPCFC % revalen(;:e
conducted prevalence prevalence P
(95% CONFIDENCE INTERVAL)
Osterballe . 0.0 0.0 **
(2005) Denmark 20002001 < 3years Fish (cod) (0.04.2) (0.04.2)
Osterballe . 0.0 0.8 **
(2005) Denmark 20002001 3 years Fish (cod) (0.01.0) (0.32.2)
Osterballe . 0.0 0.3 **
(2005) Denmark 20002001 3-22 years Fish (cod) (0.01.6) (0.02.1)
Osterballe . 0.1
(2009) Denmark 20012002 22years Fish (cod) (0.00.8)
Osterballe . 0.2 0.6 **
(2005) Denmark 20002001 >22 years Fish (cod) (0.00.9) (0.31.5)
. , . . 0.1
Kajosaari (1982) Finland 19801981 6 years Fish (0.00.8)
Kristjansson . 0.3
(1999) Iceland 1994 18 months Fish (0.02.0)
0.1
Jansen (1994) Netherlands 1990 1869 years Seafood (0.00.4)
. 0.0
Orhan (2009) Turkey 2006 6-9 years Fish (0.00.2)
e . 0.0
Gelincik (2008) Turkey N/R > 18 years Fish (0.00.1)
**
Venter (2008) United Kingdom 20022005 1 year Fish (cod) (oodlo 7)
**
Venter (2008) United Kingdom 2001-2005 2 years Fish (cod) 0.0

(0.00.6)
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Year(s) in History and History and

0,
Study ID Country which study Age group Allergen OFC % DBPCFC % (r)et\r/lglrer?ce
conducted prevalence prevalence P
(95% CONFIDENCE INTERVAL)
**k
Venter (2008) United Kingdom 20022005 3 years Fish (cod) (00£0 5)
Venter (2006) United Kingdom 20032004 6 years Fish (cod) © 88 6)

Note: **= Participants with possible FHS; seffported (questionnaire) FHS or a positive outcome in at least one of the following: skin prick, histamine

release an®IgE, without a clear negative case history (not regularly eating culprit food duritesthgear).
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Convincing

Year(s) in : 0 . ) Clinician-
Study ID Country which study Age group Allergen Selrfer\?sggcf Coyn'(;glvgllztﬁg diagnosed %
conducted P °p prevalence
(95% CONFIDENCE INTERVAL)
Osterballe Crustacean 2.0
(2009) Denmark 20012002 22 years (shrimp) (1.2-3.3)
Osterballe Mollusc 0.4
(2009) Denmark 2001-2002 22 years (octopus) (0.1-1.1)
Crustacean 0.5
Rance (2005) France 2002 2-14 years (shrimp) (0.30.8)
Touraine(2002) France 20002001 5-17 years Crustacean @ g? 1)
Touraine (2002) France 20002001 5-17 years Mollusc (oyster) © ég 4)
. ' 0.1
Zannikos (2008) Greece 2007 7-13 years Shellfish (0.00.2)
Kristjansson ' 15
(1999) Iceland 1994 18 months Shellfish (0.63.8)
Kavaliunas . . Crustacean 0.1
(2012) Lithuania N/R 5-12 years (shrimp) (0.00.5)
Van Bockel 0.2
Geelkerken Netherlands 1988 1989 5-6 years Shellfish '
(0.00.8)
(1992)
Mollusc 0.5
Falcao (2004) Portugal 2000 >39 years (Octopus squid) (0.1-1.5)
Kristjansson ' 1.2
(1999) Sweden 1994 18 months Shellfish (0.43.3)

249



APPENDICES

Convincing

vear(s) in Selfreport %  clinical histor Clinician-
Study ID Country which study Age group Allergen rev:flenceo o revalencZ: diagnosed %
conducted P °p prevalence
(95% CONFIDENCE INTERVAL)
Marklund (2004) Sweden 2003 13-21 years Shellfish 1 i; 5)
. . . Crustacean 0.3
Pereira (2005) United Kingdom 20022003 11 years (prawn) (0.1-1.0)
. . . Crustacean 0.7
Pereira(2005)  United Kingdom 20022003 15 years (prawn) (0.2-1.6)
Year(s) in 0 History & History &
Study ID Country which study Age group Allergen SPT % SPT % Serum SIgE serum SIgE
prevalence % prevalence
conducted prevalence % prevalence
(95% CONFIDENCE INTERVAL)
. Crustacean 5.0
Burney (2010) Belgium 2000 20-44 years (shrimp) (3.08.1)
Crustacean 7.1
Burney (2010) France 2000 20-44 years (shrimp) (5.09.9)
Crustacean 4.3
Burney (2010)  Germany 2000 20-44 years (shrimp) (2.67.0)
Zuberbier Crustacean 0.2
(2004) Germany 19992000 0-80+ years (crab) (0.1:0.5)
Crustacean 2.7
Schafer (2001) Germany 19971998 2574 years (crab) (2.03.6)
Zuberbier Mollusc 0.0
(2004) Germany 19992000 0-80+ years (mussels) (0.00.2)
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Year(s) in History & History &
: SPT % o Serum SIgE
Study ID Country which study Age group Allergen prevalence SPT % % prevalence serum SIgE
conducted prevalence % prevalence
(95% CONFIDENCE INTERVAL)

Crustacean 2.8

Burney (2010) Iceland 2000 20-44 years (shrimp) (1.45.4)
Crustacean 10.3

Burney (2010) Italy 2000 20-44 years (shrimp) (7.014.9)
Crustacean 6.3

Burney (2010) Norway 2000 20-44 years (shrimp) (4.29.2)
. Crustacean 4.8

Burney(2010) Spain 2000 20-44 years (shrimp) (3.46.8)
Crustacean 4.9

Burney (2010) Sweden 2000 20-44 years (shrimp) (3.47.0)
. Crustacean 0.0

Burney (2010) Switzerland 2000 20-44 years (shrimp) (0.02.3)
United Crustacean 6.1

Burney (2010) Kingdom 2000 20-44 years (shrimp) (4.09.1)

Year(s) in History and History and Other %
Study ID Country which study Age group Allergen OFC % DBPCFC % revalenoce
conducted prevalence prevalence P
(95% CONFIDENCE INTERVAL)
Osterballe Crustacean 0.0 0.0 **
(2005) Denmark 20002001 < 3years (shrimp) (0.04.2) (0.04.2)
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Year(s) in History and History and Other %
Study ID Country which study Age group Allergen OFC % DBPCFC % revalentz:e
conducted prevalence prevalence P
(95% CONFIDENCE INTERVAL)
Osterballe Crustacean 0.0 0.0 **
(2005) Denmark 20002001 3 years (shrimp) (0.0-1.0) (0.0-1.0)
Osterballe Crustacean 0.0 0.3 **
(2005) Denmark 20002001 3-22 years (shrimp) (0.01.6) (0.02.1)
Osterballe Crustacean 0.2 **
(2009) Denmark 20012002 22 years (shrimp) (0.00.9)
Osterballe Crustacean 0.3 1.1 %
(2005) Denmark 20002001 >22 years (shrimp) (0.1-1.0) (0.52.0)
Osterballe Mollusc 0.1 **
(2009) Denmark 2001-2002 22 years (octopus) (0.00.8)

Note: **= Participants with possible FHS; seffported (questionnaire) FHS or a positive outcome in at least one of the following: skin prick, histamine

release an®IgE, without a clear negative case histémgt regularly eating culprit food during the last year).
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Fish allergy prevalence: Other regions of the world

Year(s) in which Self-report % Convincing Clinici an-
Study ID Country Age group Allergen Clinical history diagnosed %
study conducted prevalence
% prevalence prevalence
(95% CONFIDENCE INTERVAL)
African
. 0.3*
Obeng (2011) Ghana 20062008 5-16 years Fish (N/R)
Americas
BenShoshan . 0.18 * 0.18 * o*
(2010) Canada 20082009 < 18 years Fish (0.0:0.36) (0.0:0.36) (N/R)
Ben-Shoshan . 0.6* 0.56 * 0.12*
(2010) Canada 20082009 > 18 years Fish (0.430.78) (0.390.73) (0.080.16)
Marrugo (2008) Colombia N/R All ages Seafood 4.0
9 9 (3.34.7)
Sicherer (2004)  United States 2002 0-5 years Fish 0.0
(0.0:0.5)
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dv ID Year(s) in which A Al Self-report % I_C:qn\llir;lging d_CIinici ag'(y
Study Country study conducted ge group ergen prevalence Clinical history iagnosed %
% prevalence prevalence
(95% CONFIDENCE INTERVAL)

. : . 0.2
Sicherer (2004)  United States 2002 6-17 years Fish (0.1-0.5)

Vierk (2007) United States 2001 >18 years Fish 0.7 0.6

(0.51.0) (0.40.9)

Greenhawt . . 2.7

(2009) United States N/R >18 years Fish (1.64.7)

. , . 0.5
Sicherer (2004)  United States 2002 1840 years Fish (0.30.8)
Sicherer2004)  United States 2002 41-60 years Fish 0.5

y (0.30.8)
Sicherer (2004)  United States 2002 61 + Fish 03
(0.1-0.7)
Sicherer (2004)  United States 2002 All ages Fish 08 0.4
(0.7-1.0) (0.30.5)
Gupta (2011) United States 20092010 0-2 years Fish 03*
(fin fish) (0.1-0.4)
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Study ID Countr Year(s) in which Age grou Allergen Selfreport % Clﬁ?gglllirr]l(i:é?gr dig”rr]lict):ézg-‘y
y y study conducted ge group 9 prevalence y g 0
% prevalence prevalence
(95% CONFIDENCE INTERVAL)
: Fish 05*
Gupta (2011) United States 20092010 3-5 years (fin fish) (0.30.8)
: Fish 05*
Gupta (2011) United States 20092010 6-10 years (fin fish) (0.30.7)
. Fish 0.6 *
Gupta (2011) United States 20092010 11-13 years (fin fish) (0.40.8)
Gupta (2011)  United States 20092010 1417 years Fish 06 *
(fin fish) (0.4-0.9)
Gupta (2011)  United States 20092010 <18 years Fish 0.5*
(fin fish) (0.4-0.6)
Eastern Mediterranean
Al-Hammadi United Arab . 2.8
2006 6-9 years Fish (1.55.1)

(2010) Emirates

South East Asia
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Year(s) in which Self-report % Convincing Clinici an-
Study 1D Country studv conducted Age group Allergen revaﬁence Clinical history diagnosed %
y P % prevalence prevalence
(95% CONFIDENCE INTERVAL)

. 0.7

Oh (2004) Korea 2000 6-12 years Fish (0.60.8)
. 0.6

Oh (2004) Korea 2000 12-15 years Fish (0.50.8)
: 0.5

Kim (2011) Korea 20062007 0-12 months Seafood (0.21.2)
0.4

Oh (2004) Korea 2000 6-12years Seafood (0.30.4)
0.8

Oh (2004) Korea 2000 12-15 years Seafood (0.7-1.0)
Santadusit , 6 monthg 6 . 0.3

(2005) Thailand N/R years Fish (0.1-1.2)
. . 1.1

Lac-araya (2012) Thailand 2010 3-7 years Fish (0.42.7)

: . 0.4 0.3
Connett (2012) Thailand 2007 2008 14- 16 years Fish (0.2:0.8) (0.1-0.7)
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Year(s) in which Self-report % Convincing Clinici an-
Study 1D Country studv conducted Age group Allergen revaﬁence Clinical history diagnosed %
y P % prevalence prevalence
(95% CONFIDENCE INTERVAL)
Western Pacific
Woods (1998)  Australia 1998 20-44years  Fish /shellfish a g,ol, 6
. 0.3 0.2
Leung (2009) Hong Kong 20062007 2-7 years Fish (0.2:0.6) (0.1-0.5)
A . 4.3 2.3
Connett (2012) Philippines 2007- 2008 14- 16 years Fish (4.04.7) (2.02.6)
Connett (2012)  Singapore 2007 2008 14- 16 years Fish 0.6 0.3
gap y (0.40.8) (0.2:0.4)
, . 0.5
Wu (2012) Taiwan 2004 <3 years Fish (0.2-1.3)
. . 15
Wu (2012) Taiwan 2004 4-18 years Fish (1.31.7)
: . 1.2
Wu (2012) Taiwan 2004 >19 years Fish (1.0-1.4)

Note: *= Study reported prevalence and confidence interval



APPENDICES

Year(s) in 0 History & History &
Study ID Country which study Age group Allergen rfz\lj;-leﬁce SPT % ;errlér\?a%ﬁfe serum SIgE
conducted P prevalence °p % prevalence
(95% CONFIDENCE INTERVAL)
Americas
: . 0.0
Burney (2010) United States 2000 20-44 years Fish (0.05.3)
South East Asia
Santadusit . 6 months 6 . 0.2
(2005) Thailand N/R years Fish (0.0-1.0)
Western Pacific
. . 0.0
Burney (2010) Australia 2000 20-44 years Fish (0.02.1)
: , 0.2
Chen (2011) China 2009 0-12 months Fish (0.01.4)
, . 0.3
Hu (2010) China 1999 0-24 months Fish (0.02.1)
: : 0.8
Hu (2010) China 2009 0-24 months Fish (0.2-2.5)
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, . , History and
Study ID Country Year(s) inwhich Age group Allergen History and OFC DBPCFC %
study conducted % prevalence
prevalence
(95% CONFIDENCE INTERVAL)
South East Asia
Lao-araya (2012) Thailand 2010 3-7years Fish 0 %f "
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Shellfish allergy prevalenceOther regions of the world

Year(s) in which Self-report % Convincing Clinician-
Study ID Country Age group Allergen Clinical history diagnosed %
study conducted prevalence
% prevalence prevalence
(95% CONFIDENCE INTERVAL)
African
Crustacean 0.1*
Obeng (2011) Ghana 20062008 5-16 years (shrimp) (N/R)
Americas
BenShoshan , 0.55* 0.5* 0.06 *
(2010) Canada 20082009 < 18 years Shellfish (0.21-0.88) (0.180.82) (0.01:0.10)
BenShoshan , 191+* 1.69* 0.71*
(2010) Canada 20082009 > 18 years Shellfish (1.602.23) (1.391.98) (0.580.84)
Vierk (2007) United States 2001 18 years + Crustacean 0.7 04
(0.51.0) (0.20.7)
. , 0.5*
Gupta (2011) United States 20092010 0-2 years Shellfish (0.30.8)
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Convincing Clinician-

Year(s) in which Self-report %

Study 1D Country studv conducted Age group Allergen revalence Clinical history diagnosed %
y P % prevalence prevalence
(95% CONFIDENCE INTERVAL)
Sicherer (2004)  United States 2002 0-5 years Shellfish (© 83 7)
: , 1.2*
Gupta (2011) United States 20092010 3-5 years Shellfish (0.81.6)
. , 1.3*
Gupta (2011) United States 20092010 6-10 years Shellfish (1.1-1.6)
Sicherer (2004)  United States 2002 6-17 years Shellfish © S_I 1)
, , 1.7*
Gupta (2011) United States 20092010 11-13 years Shellfish (1.32.1)
, , 2.0*
Gupta (2011) United States 20092010 14-17 years Shellfish (1.7-2.5)
. . ' 1.7 11
Vierk (2007) United States 2001 >18 years Shellfish (1.32.1) (0.81.5)
Greenhawt . , 9.0
(2009) United States N/R >18 years Shellfish (6.7-11.9)
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dv ID Year(s) in which A Al Self-report % I_C:qn\llir;lging d_CIiniciar(lj-(y
Study Country study conducted ge group ergen prevalence Clinical history iagnosed %
% prevalence prevalence
(95% CONFIDENCE INTERVAL)
Sicherer (2004)  United States 2002 1840 years Shellfish a f}g 7
Sicherer (2004)  United States 2002 41-60 years Shellfish 3.1
(2.53.7)
Sicherer (2004)  United States 2002 >61 Shellfish 2.6
(2.0-3.5)
. . 14~
Gupta (2011) United States 20092010 <18 years Shellfish (1.21.5)
Sicherer (2004)  United States 2002 All ages Shellfish 2.7 2.0
(2.5-3.0) (1.82.3)
South East Asia
Santadusit . Crustacean 1.2
(2005) Thailand N/R 6 months6years (shrimp) (0.62.5)
. Crustacean 3.1
Lac-araya (2012) Thailand 2010 3-7years (shrimp) (1.85.3)
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Year(s) in which Selfreport % Convincing Clinician-
Study 1D Country studv conducted Age group Allergen revalence Clinical history diagnosed %
y P % prevalence prevalence
(95% CONFIDENCE INTERVAL)
. Crustacean 0.7
Lac-araya (2012) Thailand 2010 3-7years (crab) (0.2-2.1)
Lac-araya (2012) Thailand 2010 3-7years Mollusc (squid) © (()}i 2)
. 0.2
Lac-araya(2012) Thailand 2010 3-7years Mollusc (0.01.4)
Santadusit . Shellfish (crab. 0.5
(2005) Thailand N/R 6 monthstyears Mollusc, squid) (0.1-1.5)
Western Pacific
1.3 0.9
Leung (2009) Hong Kong 20062007 2-7 years Crustacean (1.01.7) (0.61.3)
I , 8.7 5.1
Shek (2010) Philippines 20072008 14-16 years Shellfish (8.2:9.2) (4.36.1)
: , 7.2 1.2
Shek (2010) Singapore 20072008 4-6 years Shellfish (6.58.1) (0.91.6)
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dv ID Year(s) in which A Al Self-report % I_C:qn\llir;lging d_CIiniciar(lj-(y
Study Country study conducted ge group ergen prevalence Clinical history iagnosed %
% prevalence prevalence
(95% CONFIDENCE INTERVAL)
Shek (2010) Singapore 20072008 1416 years Shellfish 11.6 51
(10.812.4) (4.36.1)
. Crustacean 0.6
Wu (2012) Taiwan 2004 <3 years (shrimp) (0.2-1.5)
. Crustacean 4.0
Wu (2012) Taiwan 2004 4-18 years (shrimp) (3.7-4.4)
. Crustacean 3.3
Wu (2012) Taiwan 2004 >19 years (shrimp) (3.03.6)
. Crustacean 0.4
Wu (2012) Taiwan 2004 <3 years (crab) (0.1-1.2)
: Crustacean 2.6
Wu (2012) Taiwan 2004 4-18 years (crab) (2.32.8)
: Crustacean 2.3
Wu (2012) Taiwan 2004 >19 years (crab) (2.02.5)
Wu (2012) Taiwan 2004 <3 years Mollusc 0.1

(0.0:0.8)
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Study 1D Country Year(s) in which Age group Allergen Seltreport % CI%?Q;/IIE%?gry diglgljrr:l(():éaer(]j-%
study conducted prevalence

% prevalence prevalence

(95% CONFIDENCE INTERVAL)

Wu (2012) Taiwan 2004 4-18 years Mollusc (1 3% 3)
. 15
Wu (2012) Taiwan 2004 >19 years Mollusc (1.31.7)
Note: *= Study reported prevalence and confidence interval

Year(s) in

History and History &
)
Study ID Country which study Age group Allergen SPT % SPT % Serum SIgE serum SIgE
prevalence % prevalence
conducted prevalence % prevalence
(95% CONFIDENCE INTERVAL)
Americas
. . Crustacean 6.1*
Liu (2010) United States 20052006 6-19 years (shrimp) (N/R)
. Crustacean 5.2*
Branum (2009) United States 20052006 < 18 years (shrimp) (N/R)
. Crustacean 0.0
Burney (2010) United States 2000 20-44 years (shrimp) (0.05.3)
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Study ID Country W\;]?S:(:zuigy Age group Allergen SPT % Hisétg?/(;)nd Serum SIgE slgiritr?lré%E

conducted prevalence prevalence % prevalence % prevalence
(95% CONFIDENCE INTERVAL)

Liu (2010)  United States 20052006  20-39 years C(rsuhsrti"r"ncpe)a” (?\JR*)

Liu (2010)  United States 20052006 4059 years C(rsuhﬁtifncs)a” (?\'I?R*)

Liu (2010)  United States 20052006 60+ years C(rsuhsrtiarf;)a” (‘I‘\'I?R;

Liu (2010)  United States 20052006 All ages C(rsuhsrti"r’f&a” (‘L;’\'I?R’;

South East Asia
St g wm o Smonts Crustacear 0112)
00 Thailand N/R S ea oy ©0112)

Western Pacific
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Year(s) in o History and History &
Study ID Country which study Age group Allergen ri\lj;leﬁce SPT % (yserrlg\?alselgse serum SIgE
conducted P prevalence °p % prevalence
(95% CONFIDENCE INTERVAL)
Osborne . . 0.4
(2011) Australia 20072010 12-15 months Shellfish (0.2:0.7)
. Crustacean 2.3
Burney (2010) Australia 2000 20-44 years (shrimp) (0.85.5)
. Crustacean 0.2
Chen (2011) China 2009 0-12 months (shrimp) (0.01.4)
. Crustacean 0.0
Hu (2010) China 1999 0-24 months (shrimp) (0.01.6)
. Crustacean 0.3
Hu (2010) China 2009 0-24 months (shrimp) (0.0-1.7)

Note: *= Studyreported prevalence and confidence interval
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History and
Year(s) in which History and OFC DBPCFC %
Study ID Country study conducted Age group Allergen % prevalence prevalence
(95% CONFIDENCE INTERVAL)
South East Asia
0.3
Santadusit (2005) Thailand N/R 6 months 6 years Crustacean (shrimp (0.1-1.2)
Lac-araya (2012) Thailand 2010 3-7 years Crustacean (shrimp © gg 4)
0.2
Lac-araya (2012) Thailand 2010 3-7 years Crustacean (crab) (0.0-1.4)
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Appendix 5 Ethics approval

NHS

Health Research Authority

National Research Ethics Service

NRES Committee London - Bloomsbury
HRA NRES Centre Manchester

Barlow House 3rd Floor

4 Minshull Street

Manchester

M1 3Dz

Telephone: 0161 625 7815
Facsimile: 0161 625 7299

04 October 2013

Miss Harriet Moonesinghe
SHSSW James Watson West
2 King Richard 1st Road
Portsmouth

PO1 2FR

Dear Miss Moonesinghe

Study title: Fish and Shellfish Allergy: An in depth investigation
REC reference: 13/L0O/1461
IRAS project ID: 125792

Thank you for your email of 04 October 2013, responding to the Proportionate Review
Sub-Committee’s request for changes to the documentation for the above study.

The revised documentation has been reviewed and approved by the sub-committee.

We plan to publish your research summary wording for the above study on the NRES website,
together with your contact details, unless you expressly withhold permission to do so.
Publication will be no earlier than three months from the date of this favourable opinion letter.
Should you wish to provide a substitute contact point, require further information, or wish to
withhold permission to publish, please contact the Co-ordinator Dr Ashley Totenhofer,
nrescommittee.london-bloomsbury@nhs.net.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the above
research on the basis described in the application form, protocol and supporting documentation
as revised.

Ethical review of research sites

The favourable opinion applies to all NHS sites taking part in the study, subject to management

permission being obtained from the NHS/HSC R&D office prior to the start of the study (see
“Conditions of the favourable opinion” below).

A Research Ethics Committee established by the Health Research Authority Page 1 of 4
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Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met prior to the start of the
study.

Management permission or approval must be obtained from each host organisation prior to the
start of the study at the site concerned.

Management permission (“R&D approval’) should be sought from all NHS organisations
involved in the study in accordance with NHS research governance arrangements.

Guidance on applying for NHS permission for research is available in the Integrated Research
Application System or at http://www.rdforum.nhs. uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites (“participant identification centre’), guidance should be sought from
the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of approvals from host organisations.

Registration of Clinical Trials

All clinical trials (defined as the first four categories on the IRAS filter page) must be registered
on a publically accessible database within 6 weeks of recruitment of the first participant (for
medical device studies, within the timeline determined by the current registration and publication
trees).

There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g. when submitting an amendment. We will audit the registration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered but
for non-clinical trials this is not currently mandatory.

If a sponsor wishes to contest the need for registration they should contact Catherine Blewett
(catherineblewett@nhs.net), the HRA does not, however, expect exceptions to be made.
Guidance on where to register is provided within IRAS.

You should notify the REC in writing once all conditions have been met (except for site
approvals from host organisations) and provide copies of any revised documentation
with updated version numbers. The REC will acknowledge receipt and provide a final list
of the approved documentation for the study, which can be made available to host
organisations to facilitate their permission for the study. Failure to provide the final
versions to the REC may cause delay in obtaining permissions.

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

Approved documents

The documents reviewed and approved by the Committee are:

Document Version Date
Covering Letter 19 August 2013
Covering Letter 30 September 2013
A Research Ethics Committee established by the Health Research Authority Page 2 of 4
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Evidence of insurance or indemnity Zurich Municipal 19 July 2013
Investigator CV Taraneh Dean

Investigator CV Harriett Moonesinghe 02 May 2013
Investigator CV Carina Venter

Investigator CV Heather Mackenzie

Letter of invitation to participant 1 04 September 2013

Other: Study GANTT Chart

Other: Proforma 1 30 September 2013
Participant Consent Form 1 04 September 2013
Participant Information Sheet 2 30 September 2013
Protocol 1 04 September 2013
Questionnaire: Allergy Questionnaire 1 04 September 2013
Questionnaire: Food Allergy Quality of Life Validated

Questionnaire (Adult Form)

REC application 35 29 August 2013
Response to Request for Further Information 04 October 2013

Statement of compliance

The Commiittee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research
Ethics Committees in the UK.

After ethical review

Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

Notifying substantial amendments

Adding new sites and investigators
Notification of serious breaches of the protocol
Progress and safety reports

Notifying the end of the study

The NRES website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.

Feedback
You are invited to give your view of the service that you have received from the National
Research Ethics Service and the application procedure. If you wish to make your views known

please use the feedback form available on the website.

Further information is available at National Research Ethics Service website > After Review

A Research Ethics Committee established by the Health Research Authority Page 3 of 4
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13/LO/1461 Please quote this number on all correspondence

We are pleased to welcome researchers and R & D staff at our NRES committee members’
training days — see details at http://www.hra.nhs.uk/hra-training/

With the Committee’s best wishes for the success of this project.

Yours sincerely

r A

Signed on behalf of:
Professor Faith Gibson
Alternate Vice-Chair

Email: nrescommittee.london-bloomsbury@nhs.net

Enclosures: “After ethical review — guidance for researchers”
Copy to: Professor Tara Dean — Portsmouth University

Dr Heather Mackenzie - Portsmouth University

Dr Carina Venter - Portsmouth University

Mrs Alexandra Punter - IOW NHS Primary Care Trust

Denise Teasdale - Portsmouth University

A Research Ethics Committee established by the Health Research Authority Page 4 of 4
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Appendix 6 R&D approval - Isle of Wight NHS Trust

Isle of Wight NHS|

NHS Trust

RM&G Office
Planned Clinical Directorate
St Maryods
Newport
Isle of Wight
PO305TG

Direct Tel No (01983) 552354
Direct Fax No (01983) 552521
Email: alexandra.punter@iow.nhs.uk

7 October 2103

Miss Harriet Moonesinghe

PhD Research Student

University of Portsmouth

School of Health Sciences and Social Work
James Watson West

2 King Richard 1* Road

Portsmouth, PO1 2FR

Dear Harriet
Fish and Shellfish Allergy: An in depth investigation

I am writing formally to confirm that the R&D Committee granted provisional research
governance approval to the above project on 27 September 2013.

We note that NRES Committee London - Bloomsbury has now granted ethical approval,
which applies to all NHS sites taking part in the study, and the University of Portsmouth
has accepted the role of Sponsor. Site-Specific Assessment at NHS sites is the
responsibility of NHS R&D offices and, having reviewed the documentation submitted for
this project, | confirm the R&D Committee has undertaken a favourable site specific
assessment of the suitability of you as Principal Investigator and your facilities.

Full research governance approval will be granted upon receipt of the following:

1 Written confirmation of a favourable ethical opinion i subsequently received from NRES
Committee London 7 Bloomsbury on 4 October 2013

1 Written confirmation of sponsorship by academic institution, University of
Portsmouth

Recruitment must not commence at this site until you have received full research
governance approval.
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In accordance with our Trust Policy for R&D, | draw your particular attention to the
following:

A In the event of a serious adverse event, which is linked to your research study, you
must report any occurrence using the Trust

A You will be required to provide a periodic report of progress with your research to the
R&D Committee. Such progress reports should include details on any research
outputs as well as current participant numbers, project start and end dates and
account for all research income and expenditure.

| wish you every success with your study and look forward to hearing from you.
Yours sincerely
X\
Alexandra Punter
Research Management and Governance Manager

Isle of Wight NHS Trust

cc: Carina Venter, NIHR Senior Research Fellow, University of Portsmouth/
Senior Allergy Research Dietitian, Isle of Wight NHS Trust
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Appendix 7 R&D approval - Royal Brompton & Harefield NHS Foundation Trust

Royal Brompton & Harefield INHS |

NHS Foundation Trust

Royal Brompton & Hare field NHS Foundation Trust
Research Office

Chelsea Wing

Sydney Street

SW3 6NP

www .rbht.nhs uk

Direct Line: 020 7 351 3121 ext. 2610
Email: a.cooper@rbht.nbs uk

19" Decerrber 2013

Dr Isabd Skypala

Director of Rehabilitation and Therapies
Royal Brormpton & Harefield NHS Trust
Sydney Street

London

SW3 8NP

Dea Dr Skypala,

Project Title: Fish and shellfish allergy: in depth investigation
R&D Ref: 2013ND002B

REC Ref: 131.0/1461

CSP Ref: n/fa

Study Sponsor: Uhiversity of Portsmouth

Notification of RB&HFT NHS Management Permission for Research

Thank you for registering the zbove study with the Research Cffice. [ am pleased to inform
you that your study now has NHS Management Perrrission (previously know as R&D
approva) and can commence at Royal Brompton & Harefield NHS Foundation Trust
(RBRHFT).

NHS management perrrission for the zbove research study is granted on the basis that the
study will be conducted as described in the protocol and in accordance with the supporting
docurmentation submitted (listed below), and on the understanding that the study is
conducted in accordance with the principles set out in the Research Governance Framework
for Hedth and Social Care (April 2005, 2™ Edition, Departrrent of Hedth (DoH)) and
RB&HFT Policies and procedures.

Documents Reviewed \ersion number Date

Protocol 1 4/09/2013
Patient Information Sheet (PIS) 2 30/09/2013
Informed Consent Form (ICF) ik 4/09/2013
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Royal Brompton & Harefield INHS |

NHS Foundation Trust
Study Amendments

It is the responsibility of the Principal Investigator (PI) to notify the Research Office of all
study amendments or changes to the status of the projects including study suspension or
premature terrrination.

SafetvReporting

The research Sponsor, or the Chief Investigator (CI) or the local Principal Investigator (P1)
at a research site, may teke appropriate Urgent Safety Measures in order to protect
research participants aganst any immediate hazard to their health or safety. The Research
Office should be nofified of such measures within the same time frame of notifying the

REC. The nofification should indude reasons why the measures were taken and the plan
for further action.

All patient related incidents, including study-rel ated Adverse Events/Reactions (AE/Rs),
must be reported interndly by the study team in line with the Trust's Adverse Incident
Management and Reporting Policy W& the Quality and Safety Department database Datix
and marked “research-related”,

In addition, all SAERs must be reported to the study Sponsor and the man REC in line
with the approved research protocol.

Audit
Please note the Trust is required to monitor research to ensure compliance with the
Research Governance Framework and other legd and regulatory requirements. This

responsibility is delegated to the Research Office and will be achieved by random audit of
research projects ongoing in the Trust in accordance with RB&HFT Audit SCP.

Yours sincerely

LN I

Dr Angela Cooper
Associate Director of Research
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Appendix 8 R&D approval - University Hospital Southampton NHS Foundation

Trust

University Hospital Southampton NHS
Foundation Trust

Please reply to: Research and Development
SGH - Level E, Laboratory & Pathology

Block, SCBR - MP 138

Southampton General Hospital

Telephone: 023 8120 4901
Fax: 023 8120 8678
E-mail: nuno.morgado@uhs.nhs.uk

Dr Yoon Tak Chin

University Hospital Southampton

Respiratory Centre

Tremona Road

SO16 6YD 20 December 2013

Dear Dr Chin
ID: RHM MED1158 Fish and Shellfish Allergy: an in-depth investigation

EudraCT:

Thank you for submitting all the required documentation for Trust R&D approval. | write to inform you
that your study has full UHS R&D approval. Please find attached the Conditions of Trust R&D
approval which you are obliged to adhere to.

You are required to keep copies of all your essential documents relating to this study. Please
download a copy of the relevant Investigator Site File template from the R&D website:
http://www.uhs.nhs.uk/Research/For-investigators/Sitefile.aspx.

Your project is subject to R&D monitoring and you will be contacted by our office to arrange this.

Please note: A condition of approval is that any changes need to be timeously notified to the R&D
office. This includes providing copies of:

. All NRES substantial amendments and favourable opinions;

. All Serious Adverse Events (SAEs);

. NRES Annual Progress Reports;

. Annual MHRA Safety Reports;

. NRES End of Study Declaration;

. Notifications of significant breaches of GCP or protocol

Please quote the above RHM No. on any correspondence with our office.

Should you, or any of your team, require training in any of the policies and procedures required to
ensure compliance with the conditions of approval, please refer to the R&D Training website
http://www.uhs.nhs.uk/Research/For-investigators/Mandatory-training-governance-and-safety-

management/Mandatory-training-governance-and-safety-management.aspx for an up-to-date
calendar of training events.

Yours sincerely

N—_
Nuno Morgado
Research Governance Officer
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Appendix 9 Honorary contract- Isle of Wight NHS Trust

Isle of Wight m

NHS Trust

RM&G Office

Planned Clinical Directorate
St Mary's Hospital

Newport

Isle of Wight

PO30 5TG

Direct Tel No (01983) 552354
Direct Fax No (01983) 552521
Email: alexandra.punter@iow.nhs.uk

23 July 2013

Miss Harriet Moonesinghe

PhD Research Student

University of Portsmouth

School of Health Sciences and Social Work
James Watson West

2 King Richard 1* Road

Portsmouth, PO1 2FR

Dear Miss Moonesinghe

Letter of Access for Research
“Fish and seafood consumption and allergy — including data related to the FAIR Study”

This letter confirms your right of access to conduct research through the Isle of Wight NHS Trust for
the purpose and on the terms and conditions set out below. This right of access commences on
01/07/2013 and ends on 31/08/2015 unless terminated earlier in accordance with the clauses below.

You have a right of access to conduct such research as confirmed in writing in the letter of permission
for research from this NHS organisation. Please note that you cannot start the research until the
Principal Investigator for the research project has received a letter from us giving permission to
conduct the project.

The information supplied about your role in research at the Isle of Wight NHS Trust has been
reviewed and you do not require an honorary research contract with this NHS organisation. We are
satisfied that such pre-engagement checks as we consider necessary have been carried out.

You are considered to be a legal visitor to the Isle of Wight NHS Trust premises. You are not entitled
to any form of payment or access to other benefits provided by this NHS organisation to employees
and this letter does not give rise to any other relationship between you and this NHS organisation, in
particular that of an employee.

While undertaking research through the Isle of Wight NHS Trust, you will remain accountable to your
employer, the University of Portsmouth, but you are required to follow the reasonable instructions of
Dr Carina Venter, Research Dietician at the Asthma & Allergy Centre, or those given on her behalf in
relation to the terms of this right of access.

Where any third party claim is made, whether or not legal proceedings are issued, arising out of or in
connection with your right of access, you are required to co-operate fully with any investigation by this
NHS organisation in connection with any such claim and to give all such assistance as may
reasonably be required regarding the conduct of any legal proceedings.

You must act in accordance with the Isle of Wight NHS Trust policies and procedures, which are
available to you upon request, and the Research Governance Framework.
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