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Summary
Food allergy to pumpkin seed is considered very rare, and only some isolated case reports have 
so far been published. We report here a case of food anaphylaxis to pumpkin seed in an eight-
year-old boy, who tolerated all other edible seeds, peanut and tree nuts, as well as pulp of dif-
ferent kinds of pumpkins and other fruits of the Cucurbitaceae family. From this observation, 
a review of the botanical, historical, medicinal and allergenic aspects of pumpkin and its seeds 
is proposed. With the advent of diets rich in omega-3 and omega-6 polyunsaturated fatty acids, 
edible seeds like pumpkin seed have been incorporated in the modern diet. Their incremental 
use in the food-processing industry might contribute to an increase in food allergy to pumpkin 
seed in the future.

Key words 

allergens; child; food allergy; 
medicinal activity; pumpkin seed
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C. Chatain1,2, I. Pin2, P. Pralong1, J.P. Jacquier1, M.T. Leccia1

Medicinal bioactivites and allergenic properties 
of pumpkin seeds: review upon a pediatric food 
anaphylaxis case report

Introduction

Comestible seeds like sesame, sunflower, flax, pumpkin and 
poppy seeds are increasingly incorporated in the modern diet 
because of their potential health benefits, associated with their 
high concentration in omega-3 and omega-6 polyunsaturated 
fatty acids, and with some of their biologically active compo-
nents. Along with changing diet habits, hypersensitivity reac-
tions to seeds are augmenting, but still are rarely suspected. 
Pumpkin belongs to the Cucurbitaceae family. Its seeds have been 
used as traditional medicine in South Asia and both Americas. 
Since a few decades, as alternative medicine and healthy nu-
trition become increasingly popular, pumpkin seed has gained 
interest in the field of diet and disease research. Its various me-
dicinal bioactivities, reviewed in this report, have contributed to 
qualify pumpkin seeds as an attractive nutriment, but hence also 
as a potential emerging allergen food source. 

Food allergy to pumpkin seed is considered an extremely rare 
allergy. Only one case of severe allergy in a child after ingestion 
of pumpkin seeds has previously been reported in the literature 
(1). We describe another pediatric case of food anaphylaxis to 
pumpkin seed.

Materials and methods (case report)

An eight-year-old boy, with a history of allergic asthma to house 
dust mites, outgrown IgE-mediated food allergies to cow milk 
and cashew nut and persistent goat and sheep milk allergy, de-
clared a grade 3 anaphylaxis with deep faintness, vomiting, facial 
and pharyngeal edema almost immediately after eating a Ger-
man multigrain bread bun containing sunflower and pumpkin 
seeds. The parents treated the reaction with oral antihistamines 
and corticoids, but on worsening of symptoms during the fol-
lowing ten minutes did not hesitate to use the child’s epineph-

Vol 49, N 6, 244-251, 2017
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curbit genera Cucumis and Citrullus: three Cucumis melo or musk-
melon varieties (cantaloupe, canary melon, honeydew), Cucumis 
sativa or cucumber, as well as Citrullus lanatus or watermelon. All 
kinds of other edible seeds and their oils (sesame, sunflower, flax, 
poppy), nuts, and flour types were tested for the same reason.
Skin prick-to-prick testing demonstrated a large positive 10 mm 
wheal and flare responses to different kinds of pumpkin seeds 
(Figure 1 and 2), Cucurbita pepo Lady Godiva, French Cucur-
bita maxima Rouge vif d’Estampes, French Cucurbita moschata 
Musquée de Provence, and a 5 mm wheal and flare response 
to Cucurbita moschata butternut squash seed, while the hista-
mine control was 4 mm. Prick-to-prick skin tests with raw and 
cooked pulp of these pumpkin varieties were negative, as well as 
with immature zucchini (Cucurbita pepo) seeds, raw and cooked 
zucchini pulp and pumpkin seed oil.
Prick-to-prick tests were slightly positive with sunflower, flax 
and sesame seed, creating a 3.5 mm wheal. Poppy seed prick-to-
prick tests were negative as well as prick-to-prick tests with lin-
seed oil, sesame oil, rape seed oil (colza oil), cucumber, seeds and 
pulp of cantaloupe, honeydew, canary melon and watermelon. 

rine auto-injector (Epipen®) with immediate efficacy. The boy 
was hospitalized for 24 hours in the nearby hospital.
At about 5 years of age, the child had already experienced an ep-
isode of faintness with nausea and oropharyngeal pruritus after 
ingestion of a bite of bread containing seeds, resolved rapidly 
after oral intake of antihistamines. This incident had therefore 
not been reported to the allergist before.
The child consumed without any problems the different cucur-
bits (different pumpkin and squash varieties, zucchini, cucum-
ber and melon varieties including cantaloupe, canary melon and 
watermelon), peanuts and all kinds of nuts (almond, hazelnut, 
walnut, pecan nut, pistachio, cashew nut, Brazil nut, macada-
mia nut, coconut, pine kernel).

Results

We tested the pulp and the seeds of cultivars of the three Cucur-
bita species commonly found in Europe: Cucurbita pepo, Cucur-
bita maxima, Cucurbita moschata. In search of cross reactions, we 
tested also the pulp and the seeds of some cultivars of the two cu-

Figure 1 - Prick to prick test to pumpkin seed (C. pepo). Figure 2 - Prick to prick test to different pumpkin seeds.
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Species of cucurbits are cultivated in most countries of the 
world, where crop plants can be grown in the summer at warm 
temperatures. All species are sensitive to frost. Most of the plants 
in this family are annual creeping or climbing plants (vines), 
with five vigorous stems and five-lobed or palmately divided 
leaves with long petioles. The leaves are alternately arranged on 
the stem. The stems are hairy and pentangular, and have spring-
like tendrils. Many species have large, yellow or white flowers 
with five fused petals. The flowers are unisexual, with male and 
female flowers on different plants (dioecious) or on the same 
plant (monoecious). The large and fleshy fruit, usually with a 
hard outer covering, is often a kind of modified berry called a 
pepo. The seeds are ovate-elliptical, flattened, 15 - 25 x 7 - 12 
mm, of dark brown to black or creamy white color (2-6).

Historical aspects

Cucurbitaceae probably evolved in the Late Cretaceous, some 
60 million years ago (2). The varieties of pumpkin and squash 
originated in various places throughout the Americas, specifi-
cally central Mexico, Peru and the Eastern side of the United 
States. Archaeological records suggest that Cucurbita species 
were one of the first plants to be domesticated (3,5,7). Culti-
vation by the inhabitants of Guila Naquitz cave date between 
10,000 and 8,000 BC, predating corn and beans by more than 
4,000 years (8). Cucurbita species were brought to Europe after 
Columbus’ exploration after 1492 (5). Cucumis and Citrullus 
species originated in Africa and Western Asia (India). Finds in 
Egyptian tombs dating from the 16th to the 12th century BC 
have revealed that sweet cucurbits were being eaten by pharaohs, 
as well as later on by Roman and Byzantine empires from the 
2nd to the 6th centuries (3,5,9).
In Austria and adjacent countries, pumpkins have been grown for 
production of oil for about three centuries. Because the seed coat 
comprises about 20% or more of the seed weight, new technolo-
gies were sought to utilize in oil seed pumpkins. At about the turn 
of the 20th century, a shell-less seed variant was discovered and 
subsequently bred because of the greater efficiency in oil recovery, 
since the seeds did not have to be laboriously hand shelled (10).
In the last two decades, pumpkin seed has been the focus of 
increased interest in the field of diet and disease research due to 
the potential health benefits associated with some of its biolog-
ically active components. With the advent of diets rich in ome-
ga-3 and omega-6 polyunsaturated fatty acids, pumpkin seeds 
and other seeds have been incorporated in the modern diet. 
Pumpkin seeds are used as additives to confectionery and bak-
ery products or eaten as snacks after being salted and roasted. 
Pumpkin seed oil (especially that obtained from hull-less seeds) 
is utilized by both pharmaceutical and food industries (in the 
latter generally as salad oil) (11). Besides its use as food, pump-
kinseed flour is used by fishermen for baits to lure fish (12).

Prick-to-prick skin tests remained also negative to peanut, all 
kinds of nuts (almond, hazelnut, walnut, pecan nut, pistachio, 
cashew nut, Brazil nut, macadamia nut, coconut, pine kernel) 
and flours (wheat, rye, oat, soy, lupine, buckwheat, chestnut).
Specific IgE to pumpkin seed (C. pepo) were positive at 3.75 
KU/L, while they remained negative to pumpkin pulp, as well 
as to sunflower seed, flaxseed, sesame seed and poppy seed. 
Furthermore, negative results were found for specific IgE to 
recombinant peach proteins pru p 1 (PR 10), pru p 3 (LTP), 
pru p 4 (profilin), peanut and hazelnut PR 10 (ara h 8 and cor 
a 1, respectively), peanut, hazelnut and walnut LTP (ara h 9, 
cor a 8 and jug r 3, respectively), peanut storage proteins ara 
h 1 (7S globulin or vicillin), ara h 2 (2S albumin) and ara h 3 
(11S globulin or legumin), cashew nut storage protein ana o 
3 (2S albumin), walnut storage protein jug r 1 (2S albumin), 
and hazelnut storage protein cor a 14 (2S albumin), whereas 
specific IgE to hazelnut storage protein cor a 9 (11S globulin) 
were slightly positive at 0.13 KU/L (by ImmunoCAP® Thermo 
Fisher Scientific, Phadia AB Uppsala Sweden). Total serum IgE 
measured 212 KUI/L, and serum baseline tryptase 8.06 µg/L.
An oral challenge test with a seed mix (sunflower, flax, sesame 
and poppy seed) was proposed on account of the cutaneous sen-
sitization to these seeds, and remained negative at significant 
doses (cumulative dose of 20 g).

Discussion

Botanical aspects

Cucurbitaceae, also called cucurbits, are herbaceous climbers or 
woody lianas grouped together in a plant family consisting of 
about 95 genera and 950-80 species (2). The Cucurbitaceae family 
ranks among the highest of plant families for number and per-
centage of species used as human food. Edible genera include:
•	 Cucurbita, squash, pumpkin, zucchini, some gourds
•	 Citrullus, watermelon (C. lanatus), C. colocynthis 
•	 Cucumis, cucumber (C. sativus), various melons (C. melo).
•	 Five cucurbita species have been domesticated:
•	 Cucurbita argyrosperma Huber, e.g. Mexican cushaw pumpkin 
•	 C. ficifolia Bouché, e.g. South American black seed gourd, 

known also as fig leaf squash or Malabar gourd 
•	 C. maxima Duchesne ex Poiret, some cultivars: all giant 

pumpkins, Rouge Vif d’Estampes, Red kuri squash also 
known as Hokkaido squash, French turban squash, Butter-
cup squash, Hubbard squash

•	 C. moschata (Duchesne ex Lam.) Duchesne ex Poiret, some 
cultivars: Musquée de Provence, Butternut squash, Crook-
neck type squash, Banana Squash

•	 C. pepo L., some cultivars: pumpkin, Acorn squash also 
known as Des Moines Squash or Pepper Squash, Spaghetti 
squash, Straightneck squash, zucchini (3,4).
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idant, pumpkin seeds were shown to have protective activity 
against cardiovascular diseases and non-alcoholic fatty liver dis-
ease, by improving plasma lipid profile, lowering blood pressure 
and attenuating arthrosclerosis development (24-26). Bioactive 
macromolecules, such as Tocopherol, Trigonelline, Nicotinic 
acid and D-chiro-inositol, found in pumpkin seeds, possess hy-
poglycemic properties and could assist in maintaining glycemic 
control (27,28).
Because of their high β-sitosterol content, pumpkin seeds (C. 
pepo) are further used to treat benign prostatic hyperplasia (29) 
and overactive bladder (30), especially in German speaking 
countries where pumpkin seed is officially, since a few decades, 
in the German Pharmacopeia (Granu Fink®) (31).
Finally, because of the high tryptophan content, pumpkin seeds 
might ease depression, anxiety, nervous irritability and insomnia 
(6,32,33). Furthermore, they have shown to improve the iron 
status (34) and have blood-coagulatory effects (6,35). Their 
multiflorane-type triterpenes have melanogenesis inhibitory ac-
tivity and thus may be potential skin whitening agents (36). 
Pumpkin seed oil has shown to be effective for the treatment 
of hair growth in male patients with mild to moderate andro-
genetic alopecia (37). Table I summarizes the medicinal and 
pharmacological effects of Cucurbita sp. seeds.

Allergenicity

Allergy to pumpkin is considered a very rare disorder and so far 
only a few isolated case reports have been published. All parts of 
the fruit can be responsible for allergic symptoms.

Cucurbita sp. peel 
Cucurbita sp. peel can cause allergic contact dermatitis (38,39) 
after peeling and cutting-up uncooked Cucurbita species. (C. 
maxima varieties and butternut squash, respectively). Arochena 
et al. report a case of contact urticaria and angioedema of the 
face after handling onion and zucchini (C. pepo) with no symp-
toms after ingestion of cooked zucchini, for which an IgE-based 
mechanism was demonstrated (40). By analogy to the major al-
lergen of melon peel (Cucumis melo), LTP could be one possible 
allergen for contact allergy to pumpkin (41).

Curcurbita sp. pulp
In 2000, Figuendo et al. publish the first case of immediate-type 
systemic reaction associating pharyngeal and generalized itch-
ing, angioedema of the face and mild dyspnoea after ingestion 
of pumpkin pulp (C. pepo) in a 28-year-old woman, with cross 
reactivity to cucumber, zucchini, muskmelon and watermelon, 
supported by positive prick-to-prick tests and positive challenge 
tests (42). In the same year, Reindl et al. report four cases of food 
allergy to raw and cooked zucchini (C. pepo), ranging from oral 
allergy syndrome to grade two anaphylaxis with digestive symp-

Phytochemistry of pumpkin seeds

Pumpkin (Cucurbita sp.) seeds are a good source of essential 
micro-elements such as K, Na, Cr, Mg, Zn, Cu, Mo and Se. 
Seeds are valued for their high protein amount (30 - 37%) with 
presence of all 9 essential amino acids, as well as for their high 
quantity of lipids (40 - 50%) containing essential fatty acids, 
especially alpha linoleic acid (omega-6). The lipid fraction of 
pumpkin seeds encloses also high concentrations of bioactive 
components: phytosterols, carotenoids, tocopherols and phe-
nolic compounds (6,10,11,13,14). Fat-soluble tocopherols and 
carotenoids, as well as phytosterols and polyphenols, have anti-
oxidant activity and play an important role in decreasing DNA 
damage, diminishing lipid peroxidation, maintaining immune 
function, and inhibiting malignant transformation or prolifer-
ation (11,13-15). 

Medicinal bioactivities of pumpkin seeds

The seeds of Cucurbita sp. have been traditionally used as medi-
cine in China, India, Korea, Yugoslavia, Argentina, Brazil, Mex-
ico and America, to treat intestinal parasites, urinary infections, 
bladder and kidney stones, biliary vesicle and prostate problems. 
Due to their anti-inflammatory and anti-oxidative properties, 
pumpkin seeds are thought to slow the aging process, reduce the 
risk of cataract development, promote wound healing and reduce 
symptoms of inflammatory diseases such as arthritis (6,10,14-16). 
Broadspectrum antibacterial and antifungal activity has been 
reported for different peptides found in pumpkin seed oil, such 
as α- and β-moschins (MW: 12 kDa), MAP28 (MW: 28 kDa), 
MAP2 (MW: 2249D), MAP4 (MW: 4650D), MAP11 (MW: 
11696D), peptide (MW: 8 kDa), and pumpkin albumin 2S 
(6,10,17). Curcubitin and the protoberberine alkaloids ber-
berine and palmatine have shown anthelminthic activity (18), 
which was reported at the minimum inhibitory concentration 
of 23 g of pumpkin seed in 100 ml of distilled water in preclin-
ical studies (10).
Because of their antimutagenic and immunomodulatory ac-
tivity, pumpkin seeds have also been associated with low-
er risk of gastric, breast, lung, prostate and colorectal cancers 
(6,17,19,20). The ribosome-inactivating proteins Moschatin 
and Cucurmosin from the mature seeds of pumpkin (C. moscha-
ta) were reported to inhibit melanoma cell proliferation as well 
as leukemia, lung adenocarcinoma and pancreas cancer cell 
proliferation for the latter (21-23). Pumpkin albumin 2 S was 
shown to exhibit a strong anticancer activity toward breast ad-
enocarcinoma (MCF-7), ovarian teratocarcinoma (PA-1), pros-
tate cancer (PC-3 and DU-145) and hepatocellular carcinoma 
(HepG2) cell lines (17).
Rich in omega-3 and omega-6 fatty acids, phytosterols and se-
coisolariciresinol, a lignan acting as phytoestrogen and anti-ox-
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pulp allergy can be part of the latex-fruit syndrome (51). Finally, 
it may be associated with sensitization to peach (50,52).
For Cucurbita sp. pulp allergy, possible allergens could be profil-
in (15 kDa protein, Cuc p 2, Cuc ma 2), LTP (8.9 kDa protein), 
cross-reacting carbohydrate determinants and zucchini-specific 
proteins of molecular weight of 16-17 kDa and of 41.5 kDa 
(42,43,48,49). González De Olano et al. identify an 18 kDa 
protein, corresponding to cyclophilin (Cuc ma CyP) as a rele-
vant allergen for oral allergy syndrome to pumpkin (50).

toms or stridor (43). The first case of pediatric food anaphylaxis 
to pumpkin pulp (C. maxima) was published by Hagendorens 
in 2009 (44). Pumpkin can also be responsible for food-depen-
dent exercise-induced anaphylaxis (45) or food protein-induced 
enterocolitis syndrome (46, 47). 
Cucurbita sp. allergy can be isolated (43[three of the four cas-
es]-46,48,49), but in some cases is correlated with clinical 
cross-allergenicity to other fruits of the cucurbitaceous family 
(cucumber, melon, and/or watermelon) (42,43,50). Pumpkin 

Table I - Important bioactive compounds from pumpkin seeds and their biological activities.

Specialty Substance Indications

Infectiology moschin, MAP 2, MAP 4, MAP11, MAP28, 
peptide (MW: 8 kDa), albumin 2S

bacterial and fungal infections of the skin, urinary tract 
and intestine

cucurbitin, berberine, palmatine intestinal helminthic infections

Rheumatology anti-inflammatory compounds inflammatory diseases, arthritis

Gastroenterology hydroxyl pentacyclic triterpene acids biliary vesicle problems

fiber constipation

Dermatology linoleic acid, tocopherols, wound healing

phytosterols alopecia

multiflorane-type triterpene esters hyperpigmentation disorders (melanogenesis inhibition)

Ophthalmology carotenoids cataract

Psychology tryptophan depression, anxiety, nervous irritability, insomnia

Neurology carotenoids, tocopherols mental and physical ageing

Gynecology phytosterols lactation, postpartum edema

Nephrology, Urology,
Andrology

phytosterols (β-sitosterol, delta-7-sterols), 
lignans, carotenoids, tocopherols, omega 3 
and 6 fatty acids

benign prostatic hyperplasia, bladder and kidney 
stones, irritable bladder, enuresis nocturna, impotence

Hematology coumaric acid blood coagulation

Cardiovascular 
Disease, Metabolic 
Syndrome

polyphenols, lignans, phytosterols, omega-3 
and omega-6 fatty acids

hypertension, hypercholesterolemia, dyslipidemia, 
atherosclerosis, non-alcoholic fatty liver disease

Diabetology trigonelline, nicotinic acid, D-chiro-inositol, 
tocopherol, lignans

diabetes, hyperglycemia

Oncology carotenoids, polyphenols, squalene, phytos-
terols, lignans

gastric, breast, lung, prostate and  
colorectal cancers

pumpkin 2S albumin breast adenocarcinoma (MCF-7), ovarian 
teratocarcinoma (PA-1), prostate cancer (PC-3 and 
DU-145) and hepatocellular carcinoma (HepG2) cells

moschatin melanoma

cucurmosin, MAP2, MAP4 melanoma, leukemia, lung adenocarcinoma  
and pancreas cancer
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The allergens of pumpkin seed have not been well characterized. 
Immunoblot studies on the sera of the three patients described 
by Fritsch et al. revealed a 14 kDa protein which is probably 
a homologue of profilin, as it was completely inhibited by re-
combinant birch profilin. Besides the 14 kDa protein, proteins 
of molecular weight of 13, 36, 48, 69, 77, and 87 kDA were 
detected (12). Rodríguez-Jiménez identified a 12 kDa protein 
which however was not homologous to the lipid transfer pro-
tein of peach (pru p3), although the patient’s clinical symptoms 
(concomitant allergy to peach, apple, unpeeled pear, and or-
ange) suggested involvement of an LTP (54). 
Potential allergens of edible seeds may correspond to storage 
proteins which are found in the seeds of a wide range of mono- 
and di-cotyledonous plants. Their hydrolysis provides necessary 
amino acids during germination and to the growing plant. The 
storage proteins most abundantly found in seeds are cupins or 
salino-soluble globulins, to which belong 7S globulins or vici-
lins and 11S globulins or legumins. Other storage proteins are 
2S albumins. Their compact structure, their important size and 
abundance in the seeds, as well as their resistance to heat dena-
turation and to hydrolysis by digestive proteases are thought to 
be responsible for their important allergenic properties (58,59). 
Cupins (7S vicilins and 11S legumins) have been identified in 
sesame seed, and 2S albumin storage proteins in both sesame 
and sunflower seed (60). The important sequential and struc-
tural homology of storage proteins of different origins may be 
responsible for cross-reactivity between different edible seeds, 
peanuts and tree nuts (58-60). 
In our case, no clinical cross-allergenicity has been demonstrat-
ed. However, slightly positive IgE to hazelnut 11S globulin (cor 
a 9) might be suggestive of biological cross-reactivity and impli-
cation of pumpkin specific 11S globulin in the boy’s anaphylac-
tic reaction.

Conclusions

Because of their potential therapeutic effects in the prevention of 
cardiovascular disease, cancer and aging process, seeds like pump-
kin seeds are increasingly included in many foods, in alternative 
or natural medicines and in cosmetics. Pumpkin seed food allergy 
may therefore be expected to augment in the future. It should be 
assessed by carefully taking the patient’s medical history and by 
including common edible seeds in food allergy testing panels (e.g. 
sesame, sunflower, pumpkin, flax and poppy seed).
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Summary 
Currently, the management of people diagnosed with shellfish allergy relies on the avoidance 
of those foods. HDM immunotherapy has been reported to induce both shrimp allergy in 
non-allergic patients, and shrimp tolerance in shrimp-allergic patients. This article summa-
rizes therapeutic options other than avoidance diet for shrimp allergic patients available once 
the diagnostic is established, such as production of hypoallergenic shrimp, use of immunother-
apy with modified allergens, probiotics and Chinese herbal formulations.

Corresponding author
David El-Qutob 
Unit of Allergy University Hospital of La Plana 
Carretera Vila-Real-Burriana Km 0.5
Vila-Real (Castellon) 12540, Spain
Phone: +34 964 3999 61
Fax: +34 964 3576 01
E-mail: elqutob@comv.es

Doi
10.23822/EurAnnACI.1764-1489.16

1Unit of Allergy, University Hospital of La Plana, Vila-Real, Spain

D. El-Qutob1

Shrimp allergy: beyond avoidance diet

List of abbreviations/acronyms
House dust mites (HDM)
Specific Immunoglobulin E (sIgE)
Allergen-specific immunotherapy (ASIT)
Sublingual immunotherapy (SLIT)
Chinese herbal formulations (CHF)

Introduction

Popularly, “shellfish” and “seafood” are often used interchange-
ably, but they mean different things. “Seafood” is a general term 
that refers to any edible aquatic animals, whereas “shellfish” re-
fers to invertebrate aquatic animals usually fitted with a rigid 
exoskeleton (crustaceans and mollusks), edible, and likely to be 
traded for human consumption (1). Crustaceans are classified 
among arthropods together with arachnids and insects, whereas 
mollusks include bivalves, gastropods and cephalopods (2). In 

the last years, shellfish consumption has increased in popularity 
and frequency worldwide. This growing demand for shellfish, 
with an increment of their extraction and cultivation, has been 
accompanied by increasing reports of adverse reactions, many of 
which of immune mechanism, produced by ingestion or manip-
ulation, affecting both consumers and seafood workers (3-5). 
Shellfish is one of the leading causes of food allergy, with a prev-
alence of 2.8-8% among all food allergies (6,7), and it is a com-
mon cause of food-induced anaphylaxis (8,9). Cases of shrimp 
allergy-induced exercise and NSAID-dependent anaphylaxis are 
described (10,11). Shellfish allergy is much less frequent in chil-
dren than in adults (12). Anaphylactic reactions are more fre-
quent in young people, atopic individuals and asthmatics (13). 
The crustaceans (shrimp, lobster and crab) are the main cause of 
shellfish allergy. Usually, subjects with shrimp hypersensitivity 
react clinically to other types of crustaceans. Shrimp is the most 
studied crustacean from an allergenic point of view.
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ogy of 62.5 - 100% with several crustacea hemocyanins (32). 
Paramyosin, an invertebrate-specific myofibrillar protein, is a 
thermo-labile 100 kDa allergen recently identified as an allergen 
in various shellfish (33). An amino acid sequence homology as 
high as 70% was recognized between disc abalone Haliotis discus 
discus and Mediterranean mussel paramyosins.
Currently, the role of the allergens different to tropomyosin in 
shrimp allergy has not yet been well defined. Asero et al. showed 
that Italian adult shrimp-allergic individuals react to a wide va-
riety of allergens, that tropomyosin is the relevant allergen only 
in a minority of patients, and that a large proportion of subjects 
react to not-identified to date high molecular weight allergen 
proteins (34). 

Current treatment for shrimp allergy

This section will not review the treatment of an acute allergic 
reaction, but the two currently existing etiological therapeutic 
approaches: desensitization and avoidance.

Desensitization

The natural course of shrimp allergy is to persist over time. 
Disappearance of reactivity to shrimp is rare. It is firmly es-
tablished that Allergen Specific Immunotherapy (ASIT) is the 
only etiological treatment that can alter the natural course of 
allergic diseases, such as allergic rhino-conjunctivitis and asth-
ma (35,36). The beneficial or harmful effect of HDM ASIT in 
shrimp allergy is still controversial. Usually, commercial HDM 
extracts used for SCIT contain quantified levels of group 1 and 
2 allergens, but may also include low concentrations of other 
sensitizing allergens, such as tropomyosin (37). Pevec et al. stud-
ied 56 HDM-allergic patients treated with SCIT using HDM 
extract during 3 - 5.5 years. Specific gE (sIgE) to tropomyo-
sin were found only in 5 patients, without clinical importance. 
Authors concluded that ASIT using HDM extracts does not 
induce clinically relevant sensitization to tropomyosin. Van Ree 
et al. studied 17 sera of HDM allergic patients receiving HDM 
immunotherapy (38). Serum samples were taken at the start of 
immunotherapy and 14-20 months later. At the beginning of 
immunotherapy, specific IgE for shrimp were positive in 3/17 
subjects. After 14 to 20 months of immunotherapy, IgE respons-
es for Der p 1 and Der p 2 were not increased. The 3 patients 
with initial positive specific IgE to shrimp were the only patients 
who had clinical symptoms after eating shrimps. So, it seems 
that immunotherapy for HDM does not increase the risk of re-
action after ingestion of shrimp in previously non-sensitized pa-
tients. In a study with HDM allergic individuals non-sensitized 
to tropomyosin, Asero et al. observed that injection SIT with 
HDM extracts did not seem to induce de novo tropomyosin 
sensitization in mite-allergic patients after three years of ASIT 

Allergens

There are no differences between the protein bands from the 
extracts of boiled shrimp water and boiled shrimp (14). Howev-
er, there are differences between extracts from cooked and raw 
shrimp (15).
Tropomyosin (Pen a 1), a protein from muscle, has been the 
first shrimp allergen detected (16). It is a major allergen of 38-
41 kDa, and it is responsible for cross-reactivity between mem-
bers of the shellfish family, particularly among the crustaceans. 
This led to its definition as an invertebrate panallergen (17). 
Tropomyosin has also been defined as a major allergen in other 
crustaceans (18), with very high homologies, up to 98%, among 
crustacean species including crawfish, crab and lobster (19,20). 
Tropomyosin is a panallergen responsible for the cross-reactiv-
ity between the members of the Arthropoda class, including 
shrimp (Pen a 1) and house dust mites (HDM) (Der p1 10, 
Der f 10). The prevalence of shrimp allergy is higher in regions 
with high prevalence of HDM allergy, such as Canarian Islands 
(21). In fact, almost all patients sensitized to shrimp showed 
positive skin prick test to HDM with/without clinical relevance, 
and 20-29% of HDM allergic patients showed sensitization to 
Der p 10 (22), tropomyosin from the HDM Dermatophagoides 
pteronyssinus. Frequently, HDM allergic patients are sensitized 
to shellfish with food tolerance. It is thought that inhaled tro-
pomyosins from HDM are the primary sensitizer for shellfish 
allergy in warm and humid tropical climates (23). 
There is also an important cross-reactivity with HDM Der p 10 
and tropomyosin Pen a 1. There is not cross-reactivity between 
tropomyosins from filogenetically distant species. Therefore, 
tropomyosin from vertebrates is not allergenic. 
Other minor allergens have been identified and characterized 
in shrimp. Arginine kinase is a 40 kDa allergen (Pen m 2) from 
muscle identified in shrimp (24,25) but also in mollusks (26). It 
was recognized in 27% out of a group of shrimp allergic subjects 
(25). In 2008, Ayuso et al. identified in Pacific white shrimp 
(Litopenaeus vannamei), a might light chain (Lit v 3) with high 
similarity to Bla g 8, a cockroach myosin light chain (27). Im-
munoblotting demonstrated immunoglobulin E (IgE) binding 
to a 20-kDa shrimp protein in 21 (55%) out of 38 sera of shrimp 
allergic subjects. One year later, the same group of investigators 
identified a sarcoplasmic-binding protein (Lit v 4) in Litopenae-
us vannamei (28). Lit v 4 presents structural homology with Pen 
a 4 of Penaeus aztecus (29). Immunoblotting demonstrated IgE 
binding to a 20 kDa shrimp protein in 31 out of 52 (59.6%) 
sera of the shrimp allergic individuals. In addition, α-actinin, 
β-actin, fructose biphosphate aldolase, and ubiquitin have been 
identified as allergens in the Solenocera melantho (red shrimp) 
species (30), and other authors have identified the hemocyanin 
C subunit as an allergen in our shrimp-allergic patients (31). 
Hemocyanin is a hemolymph allergen with sequence homol-
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tients. You can obtain hypoallergenic foods by physical, chemi-
cal and genetic modification procedures (42). 

Physical treatments
Usui et al. investigated the effects of tropomyosin concentra-
tions from cooked or raw shrimp (43). The risk of shrimp aller-
gic reaction was not reduced significantly by different methods 
of preparing cooked shrimp.

Chemical procedures: enzymatic hydrolysis
Through enzymatic hydrolysis of shrimp, hypoallergenic prod-
ucts could be obtained which, while retaining some residual al-
lergenicity, are tolerated by most shrimp allergic patients. Wang 
used proteases such as trypsin, papain and bromelain individ-
ually, to hydrolyze South American shrimp proteins (44). The 
results showed that hydrolysates from South American shrimp 
proteins digested by each of the three proteases, better with pa-
pain, could result in an attenuation of general allergic reactions.

Modified immunotherapy

Vaccination with DNA plasmids
Wai et al. constructed two hypoallergens of the shrimp tropo-
myosin Met e 1: MEM49 and MED171, and expressed them 
in plasmid pCI-Neo (45). Authors concluded that hypoal-
lergen-based DNA vaccines could effectively protect against 
tropomyosin sensitization in mice via the establishment of 
Th1-oriented responses, recruitment of regulatory T cells, and 
induction of blocking IgG antibodies.

T cell epitope immunotherapy
Peptide-based immunotherapy (PIT) has been found to suc-
cessfully treat allergic patients, and there are many opportuni-
ties for the application of PIT in this category (46). Wai et al. 
identified the immunodominant T cell epitopes of tropomyosin 
of Metapenaeus ensis (Met a 1), and evaluated their therapeu-
tic effect in a Balb/c mouse model of Met e 1 hypersensitivi-
ty (47). Mice treated with the T cell epitope peptide mixture 
demonstrated an amelioration of systemic allergic symptoms, 
and a significant reduction in Th2-associated antibody and cy-
tokine responses. More investigators are identifying CD4 T cell 
shrimp tropomyosin-derived epitopes for the design of PIT of 
shrimp-allergic patients (48). 

Probiotics

The beneficial effect of probiotics has been demonstrated in the 
treatment of allergic diseases. Probiotics interact with the host 
immune system and may provide preventive and therapeutic 
effects on allergic diseases (49). Schiavi et al. investigated the 
therapeutic potential of VSL#3 probiotic mixture on specific 
immune responses and anaphylactic reaction induced in mice 

(39). Pajno et al. observed worsening of snail allergic reactions 
after several months of ASIT in children with previous com-
bined mite-snail allergy (40). 
Therefore, HDM immunotherapy has been reported to induce 
either shrimp allergy in non-allergic patients, shrimp tolerance 
in shrimp-allergic patients or no effect on shrimp sensitization. 
The contradictory results observed could be due to the differ-
ent qualities of the HDM extracts used for immunotherapy, 
especially their content of minor allergens such as Der p 10. 
Possibly, ASIT with an extract containing quantified tropomy-
osin could induce desensitization in shellfish and HDM allergic 
patients. Actually, Cortellini et al. published a case report of a 
15-year-old male diagnosed as having shrimp allergy and HDM 
allergy, who tolerated ingestion of shrimps after 12 months of 
sublingual immunotherapy (SLIT) for HDM (41). Authors hy-
pothesized that the improvement in respiratory symptoms for 
HDM and in the food challenge for shrimps during mite im-
munotherapy with a known and high dosage of tropomyosin, 
may be dose dependent.

Avoidance measures

Food intake avoidance is the basic measure in managing food 
allergies. Generally, patients with food allergy to shrimp do not 
experience respiratory symptoms on inhalation of steam from 
cooking shrimp. But in some hypersensitive patients, airborne 
exposure might cause severe respiratory symptoms (15). Food 
avoidance seems theoretically easier than aeroallergens avoid-
ance. Because of cross-reactivity, avoidance of all crustaceans is 
generally advised. Shrimp allergic patients are usually healthy, 
unless they suffer an acute episode by accidental ingestion of 
shellfish. So, these patients have no awareness of the disease and 
of the consequences of this problem. Therefore, educational 
programs are a keystone of the management of food allergy. The 
patient and her/his family should receive full information about 
the disease, its consequences, the recognition of the symptoms 
of an allergic reaction, and training about self-administration of 
drugs such as epinephrine. Re-education about diet intake of 
the patients and their families is also important. Patients should 
be alerted to possible hidden allergen exposure, particularly in 
restaurants where cooking equipment or serving utensils may be 
used for different foods. In addition, in many cases, the assess-
ment by a specialist in nutrition would be adequate.

Future therapies for shrimp allergy

Production of hypoallergenic shrimp

Hypoallergenic foods are those in which the allergenic capacity 
has been reduced by altering the structure of allergenic epitopes, 
reducing the risk of reaction when consumed by allergic pa-
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by shrimp tropomyosin (50). Oral therapeutic administration 
of VSL#3 to tropomyosin sensitized mice significantly reduc-
es symptom score and histamine release in faeces after allergen 
challenge. Measurements of IL-4, IL-5 and IL-13 were signifi-
cantly reduced, whereas FOXP3 and IL-27 mRNA expression, 
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Chinese Herbal Formulations (CHF)

Plants have been used for medicinal purposes for thousands 
of years. Traditional Chinese medicine, which has been prac-
ticed for centuries in Asia, has awakened the interest of West-
ern countries as an alternative or complementary therapy for 
some diseases, including allergic diseases such as food allergy. 
Li et al. tested the effect of a mixture of 11 herbs in an ex-
perimental model of mice with allergy to peanut. In this study 
protection was observed in the mouse, avoiding the appearance 
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In Table I we present the future therapies for shrimp allergy 
included in this review, summarized.

Conclusions

This article reviews as current as possible the future therapies 
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as alternative therapy, will lead to new treatments for this and 
for other food allergies. Our food allergic patients have been 
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Table I - Future therapies for shrimp allergy.

Production of hypoallergenic shrimp physical treatments
chemical procedures

Modified immunotherapy vaccination with DNA plasmids
T cell epitope immunotherapy

Probiotics

Chinese herbal formulations
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Summary 
Background. Recurrent wheezing may be related to various reasons. There is a lack of knowl-
edge about the effect of vitamin D status in the children with recurrent wheezing. The aim 
of this study is to compare the level of vitamin D between recurrent wheezing children and 
healthy controls, and to investigate the relationship between vitamin D status and the clinical 
parameters of recurrent wheezing in preschool children. Methods. One hundred-ten children 
followed up in our hospital with recurrent wheezing were included in the study. The control 
group included fifty children without wheezing episodes. The serum 25-hydroxyvitamin D 
(25OHD) level was measured. The patients with recurrent wheezing were grouped according 
to their vitamin D status as “deficient group” and “non-deficient group (Vitamin D level is 
insufficient and normal)”. We investigated the relationship between vitamin D status and 
the clinical and laboratory parameters of children with recurrent wheezing. Results. Mean 
25OHD level was 21.66 ± 8.13 ng/mL (5.6-53) in the study group and 25.36 ± 10.17 ng/
mL (6-59) in the control group. The difference was statistically significant (p = 0.015). When 
the patients with recurrent wheezing were compared according to their vitamin D status, 
number of hospitalizations, number of positive sensitivity, percentage of eosinophil, serum 
IgE levels, Asthma Predictive Index positivity and wheezing phenotypes were not found to be 
different between groups. However, the duration of wheezing, the number of wheezing epi-
sodes and systemic glucocorticoid need in the previous year, and the total number of wheezing 
episodes were significantly higher in the deficient group (p < 0.05). The serum 25OHD level 
was negatively correlated with the duration of wheezing (r: -0.238; p: 0.012), total number of 
wheezing episodes (r: -0.436; p: 0.001), number of wheezing episodes in the previous year (r: 
-0.395; p: 0.001), and systemic glucocorticoid need in the previous year (r: -0.324; p: 0.001). 
Conclusions. Mean 25OHD levels were lower in patients with recurrent wheezing than in 
healthy controls. The duration of illness and number of wheezing episodes were correlated 
with vitamin D levels. An evaluation of the serum levels of vitamin D and supplementation 
if needed should be recommended in patients with recurrent wheezing, especially in those with 
long-term and frequent wheezing episodes. 
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relative (mother, father, sibling) had allergic disease. Milk con-
sumption of cases was not evaluated, because milk is not fortified 
with vitamin D in our country. The percentage of eosinophils, 
immunoglobulin (Ig) E levels and serum 25OHD levels were 
measured. RW patients were classified according to the number 
of wheezing episodes in the previous year as having had up to 3 
episodes / year (n = 61) or > 3 episodes / year (n = 49).

Excluding Criteria

Patients receiving multivitamin support or any systemic gluco-
corticoid therapy, patients with obesity (body mass index > 95.p), 
patients with the clinical findings of rickets (o-bain, x-bain etc.), 
with any (clinical or laboratory) history of congenital heart dis-
ease, chronic lung disease (such as cystic fibrosis, bronchiectasis), 
tuberculosis, bronchopulmonary dysplasia, immunodeficiency, 
neurologic or metabolic diseases were excluded.

The phenotyping of wheezing

The Asthma Predictive Index (API) is an index used to evalu-
ate the risk of developing asthma in the future with children 
who had recurrent wheeze. The major criteria are physician-di-
agnosed asthma in parents and atopic dermatitis in the child. 
The minor criteria are eosinophilia (> 4%), physician diagnosed 
allergic rhinitis and wheezing without upper respiratory tract 
infection in the child. It was considered positive when at least 
one major or two minor criteria were present (14).
In another phenotyping of wheezing, children were classified as 
having either episodic wheezing (EW) (wheezing only during 
colds and remaining asymptomatic between episodes) or multi-
ple-trigger wheezing (MTW) (wheezing during colds but symp-
tomatic between episodes, with wheezing activated by factors 
such as house dust, tobacco smoke, exercise, crying, laughter, 
or odor) (15).

Skin Prick Tests

Skin prick tests were applied on the anterior forearm. Patients 
were considered eligible for the skin test if they had not received 
antihistamines for at least one week. Skin prick tests for com-
mon aeroallergens (Dermatophagoides pteronyssinus, Dermato-
phagoides farinea, mixture of grass pollens, a mixture of grain 
pollens (oats, wheat, barley, corn), a mixture of tree pollens, 
weed-mix pollens, Alternaria alternaria, cockroaches (Blatella 
germanica), cat dander and dog dander (Stallergenes SA, 92160 
Antony, France) were performed by using Stallerpoint® (Staller-
genes SA, 92160 Antony, France). Histamine (10 mg/ml) and 
physiological saline were used as positive and negative referenc-
es, respectively. Skin reactions were evaluated at 20th minute of 
the application. A positive reaction was characterized as 3 mm 

Introduction

Wheezing is one of the most common respiratory symptoms in 
the childhood. Allergic sensitization in early life, infection with 
rhinovirus, or colonization with any of a number of bacteria 
have been associated with increased risk of persistent wheeze. 
Acute respiratory infection is the main cause of recurrent wheez-
ing in children. Respiratory viruses play a key role in the de-
velopment and exacerbation of obstructive respiratory diseases 
in children (1,2). Recent studies showed that vitamin D acts 
as a hormone and takes a role in the function of many organs 
in addition to bone. Vitamin D deficiency predisposes to in-
fections by affecting the production of antimicrobial peptides 
such as Cathelicidin. The antimicrobial activity against airway 
pathogens is increased with vitamin D treatment because of an-
timicrobial cationic peptides, defensin-beta-2 and 4 regulated 
by vitamin D. 1,25-dihydroxyvitamin D is the active form of 
vitamin D. 1,25-dihydroxyvitamin D decreased proliferation 
of Th1 and Th2 cells, and production of interferon (IFN)-ɣ, 
interleukin (IL)-2 and IL-5. But IL-4 production is increased 
by 1,25-dihydroxyvitamin D (3,4). Previous studies have shown 
that low serum 25-hydroxyvitamin D (25OHD) levels are asso-
ciated with increased risk of respiratory tract infections in chil-
dren and adults (5-7). There are some studies supporting the 
relationship between vitamin D deficiency and recurrent wheez-
ing in childhood (7-11) as well as studies showing no relation-
ship (12) or negative relationship (13). We aimed to compare 
the level of vitamin D between children with recurrent wheez-
ing and healthy controls, and to investigate the relationship be-
tween vitamin D status and the clinical parameters of recurrent 
wheezing in preschool children.

Materials and methods

A total of 160 children (64 girls, 96 boys; aged 0.75-5 years) 
enrolled in the study. The study was approved by the local ethics 
committee of the same institute and adhered to the principles of 
Helsinki Declaration. A consent was obtained from all subjects 
and/ or their parents.

Study Population

One hundred-ten children with recurrent wheezing who start-
ed before 3 years and had more than 3 wheezing episodes were 
included in the study. The control group consisted of fifty chil-
dren without wheezing episodes or any chronic disease. Children 
were evaluated in September 2012-February 2013 and Septem-
ber 2013-February 2014, in order to exclude the seasonal differ-
ences. The patients’ age, gender, exposure to smoke, personal/
familial atopy and wheezing history were recorded. Presence of 
atopy in the family was considered as positive if a first-degree 
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group, this difference was not statistically significant (81 patients, 
21.43 ± 8.78 ng/mL vs 29 patients, 22.30 ± 6.02 ng/mL; p = 
0.623). Similarly, when the patients were grouped in terms of 25 
OHD level according to the wheezing phenotypes (EW or MTW), 
there was no difference between groups (51 patients, 22.78 ± 9.08 
ng/mL vs 59 patients, 20.69 ± 7.14 ng/mL; p = 0.342).
The patients with recurrent wheezing were grouped according 
to their vitamin D status as “deficient (Group-I)” and “non-de-
ficient (Group-II)”. No statistically significant difference was 
present between groups in terms of gender, age, familial atopy, 
and exposure to smoke (p > 0.05) (table 1).
The number of hospitalizations, number of positive sensitiv-
ity, percentage of eosinophils, and serum IgE levels were not 
found to be different between groups. However, the duration of 
wheezing, the number of wheezing episodes and systemic glu-
cocorticoid need in the previous year and the total number of 
wheezing episodes were significantly different between groups 
(p < 0.05) (table 1).
When patients compared according to the number of wheezing 
episodes in the previous year (≤ 3 episodes/years and > 3 epi-
sodes / years), the mean vitamin D level was significantly lower 
in patients with > 3 episodes/years (49 patients, 19.36 ± 7.72 
ng/mL vs 61 patients, 23.50 ± 8.04 ng/mL; p = 0.007).
Eighty patients (72.7%) of study group underwent to skin prick 
test. Mean 25OHD level was 20.86 ± 6.2 ng/mL in atopic chil-
dren and 20.81 ± 8.53 ng/mL in non-atopic children. The dif-
ference was not statistically significant (p = 0.977). Vitamin D 
status was not found to be different between atopic children and 
non-atopic children (p = 0.653) (table 1).
The serum 25OHD level was negatively correlated with the du-
ration of wheezing (r: -0.238; p: 0.012), total number of wheez-
ing episodes (r: -0.436; p: 0.001), number of wheezing episodes 
(r: -0.395; p: 0.001) and systemic glucocorticoid need in the 
previous year (r: -0.324; p: 0.001).

Discussion

This study showed that mean 25OHD levels of children with 
recurrent wheezing is lower than healthy control group. This re-
sult is similar to the results of previous studies (7-11). The study 
of Bener et al (7) compared vitamin D status of allergic and 
healthy children and found that the frequency of severe vitamin 
D deficiency was significantly higher in children with wheezing 
(23.4%) than in healthy children (10.5%). They indicated that 
vitamin D deficiency was a significant risk factor for wheezing 
(relative risk = 1.29; p = 0.05). Similar results were found in 
the other studies (8-11). However, another study (12) compared 
vitamin D levels of 30 children with recurrent wheezing and 45 
healthy children, and significant difference between groups were 
not found. The reason for the difference of the results of this 
study may be the small number of cases and age of the patients. 

or greater than that of the negative control. Atopy was classified 
as at least 1 positive response to these allergens with no response 
to negative reference solution and a response to positive refer-
ence (histamine).

Vitamin D Levels

Vitamin D levels were measured 2 weeks after any infection. Pe-
ripheral venous blood samples were obtained from all children 
and serum 25OHD levels were measured by using liquid chro-
matography-tandem mass spectrometry (LC-MS-MS) method 
in Waters Quattro Premier XE™ (Waters Corp. Milford, USA). 
Serum 25OHD levels ≤ 20 ng/mL were considered as vitamin 
D deficiency, while levels between 20 and 29 ng/mL as vitamin 
D insufficiency, 30-80 ng/mL as optimal vitamin D level and 
≥ 80 ng/mL as potential vitamin D toxicity (16). The patients 
with recurrent wheezing were grouped according to their vita-
min D status as “deficient group” and “non-deficient group (Vi-
tamin D levels insufficient and normal)”.

Statistical Analyses

Data was analyzed by using the Statistical Package for Social 
Sciences (SPSS) for Windows (SPSS 15.0 Chicago, USA) pro-
gram. Values for continuous variables were given as either mean 
± standard deviation or as median (interquartile range), based 
on the normality of distribution. Student t test was used for the 
comparison of normally distributed variables. Mann-Whitney 
U test was used for non-normally distributed variables. Chi-
Square test was used to compare categorical variables. Pearson’s 
correlation test was used for the correlation analyses of continu-
ous variables. p < 0.05 was considered as significant.

Results

A total of 160 children were enrolled in this study. The study 
group consisted of 110 children (mean age: 2.97 ± 1.26 years; 
69 boys and 41 girls) and control group were 50 children with-
out wheezing episodes (mean age: 2.89 ± 1.27 years; 27 boys 
and 23 girls). There were no statistically significant differenc-
es in regards to age and gender between patients and control 
groups. Mean 25OHD level was 21.66 ± 8.13 ng/mL (5.6-
53) in the study group and 25.36 ± 10.17 ng/mL (6-59) in 
the control group. The difference was statistically significant (p 
= 0.015). Vitamin D status was determined as deficient in 50 
(45.5%) patients, and non-deficient (insufficiency or normal) 
in 60 (54.5%) of the study group, while deficient in 14 (28%) 
and non-deficient in 36 (72%) of the control group. Vitamin 
D status was found to be different between groups (p = 0.039).
When patients are grouped by API positivity; although mean 
25OHD level in API negative group was lower than API positive 
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inconsistent (9,11). In a cross sectional study, the investigators 
reported a correlation of low levels of vitamin D in patients with 
RW, API positive and multi-trigger temporal pattern of wheeze 
compared with non-recurrent wheezing, API negative and ep-
isodic temporal pattern of wheeze. In a recent study in Turkey, 
Ozdemir et al (11) found that the API negative group had the 
lowest mean serum 25 (OH)D level, followed by API positive 
group compared to healthy group (p < 0.05). These differences 
in studies may depend on such factors as patient selection, age, 
time, method of measurement.
Another remarkable result of present study is the duration of 
wheezing, the high total number of wheezing episodes, number 
of wheezing episodes and systemic glucocorticoid need in the 
previous year among the vitamin D deficient wheezy children 
comparing to vitamin D non-deficient wheezy children. In ad-
dition, we found a negative correlation between these parame-
ters and vitamin D levels. Uysalol et al (9) declared a negative 
correlation between vitamin D levels and the number of wheez-
ing episodes, hospitalization and admission to emergency de-
partment in the previous year (r: -0.394 p = 0.010, r= -0.406 p 

In another study, Pereira et al (13) assessed children with recur-
rent wheezing (RW) (n: 255) and occasional wheezing (OW) 
(n: 115). They observed significantly higher serum vitamin D 
levels in RW children than in OW children. This result is in-
compatible with our study. This difference may be related to 
the choice of patient. This study did not specify whether or not 
there were obese patients. In addition, the season of vitamin D 
measurement is uncertain in the study. 
Vitamin D deficiency is an important health problem in both 
developed and developing countries. In this study 44.5% of 
children with recurrent wheezing was found to be vitamin D 
deficient while 28% of control group was vitamin D deficient. 
It was shown that vitamin D deficiency is a common problem 
among children in our country (17). The high frequency of vi-
tamin D deficiency in our country may be related to inadequate 
vitamin D supplementation during infancy, low levels of vita-
min D in pregnancy, scarcity of vitamin D fortified food prod-
ucts, and frequent respiratory tract infections.
The results of studies investigating vitamin D levels according 
to API and phenotypes of wheezing in children with RW are 

Table 1 - Comparison of socio-demographic, clinical and laboratory findings features of the vitamin D deficient (Group-I), vitamin D 
non-deficient (Group-II) patients’ groups.

Group I 
n: 50

Group II 
n: 60

p

Gender (Male/Female) 32/18 37/23 0.8451

Age (years)‡ 3.1 ± 1.8 2.9 ± 1.3 0.3032

Familial atopy n (%) 15 (30) 24 (40) 0.3201

Exposure to smoke n (%) 26 (52) 33 (55) 0.8481

Duration of disease (Month)* 24 (15.5-30) 18 (12-25) 0.0373

Total numbers of wheezing episodes* 6 (5-10) 4 (3-5) 0.0013

Numbers of hospitalizations* 0 (0-1) 0 (0-0) 0.1003

Systemic glucocorticoid need in the previous year* 1 (0-2) 0 (0-1) 0.0013

Numbers of wheezing episodes in the previous year* 3 (2-5) 3 (2-3.5) 0.0113

The percentage of eosinophils (%)* 2 (1.4-3.5) 2.6 (1.3-5.2) 0.0523

Immunoglobulin E (IU/ml)* 70 (29-352) 56 (32-156) 0.6513

API positivity n (%) 11 (22) 18 (30) 0.3901

Phenotyping of wheezing n (%)
Episodic wheezing
Multiple-triggered wheezing

24 (48)
26 (52)

27 (45)
33 (55)

0.8481

Sensitivity in skin prick test (atopy) n (%) 19 (48.8) 17 (41.5) 0.6531

The number of positive sensitivity* 0 (0-2) 0 (0-2) 0.5283

*Data are presented as either mean ± Standard deviation or as median (interquartile range) according to the distribution.
1chi-square test 2Student t test 3Mann-Whitney U test
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role of vitamin D in maintaining lung structure and pulmonary 
function (21). Decreased lung maturation due to prematurity 
is a risk factor for recurrent wheezing. Because of vitamin D 
deficiency making deterioration in lung maturation and func-
tion, these patients are expected to have more frequent episodes 
wheezing. Third reason might be the suppressive effect of vita-
min D on inflammation and airway hyper-responsiveness, by 
inhibiting synthesis and releasing inflammatory cytokines from 
bronchial smooth muscle cells. Vitamin D also promotes T-reg-
ulatory cell activity (22). Wheezing can occur more frequently 
due to the increased on inflammation and airway hyper-respon-
siveness caused by vitamin D deficiency.
Limited participant number was the negative aspect of our 
study. It was designed as a single-center study including 0.75-5 
years old patients with RW. Vitamin D levels were measured in 
a single sample obtained in autumn or winter. More than one 

< 0.001, r = 0.307 p = 0.008, respectively). Systemic steroid re-
quiring episodes were not evaluated in this study, while Beigel-
man et al (18) reported an increased number of steroid requiring 
episodes in children with decreased vitamin D level. Increased 
frequency and severity of wheezing episodes in vitamin D de-
ficient might be due to several reasons. Firstly, as mentioned 
above, increased frequency of respiratory infections is associated 
with vitamin D deficiency (5-7). Vitamin D deficiency has also 
been seen to correlate with an increased risk of respiratory viral 
co-infections, especially Respiratory syncytial virus and Rhino-
virus infections. These viruses are considered the main triggers 
of childhood wheezing (19). Secondly, vitamin D has complex 
immunomodulatory properties for both innate and adaptive 
immune system functions as well as in calcium / phosphorus 
homeostasis and bone health. Vitamin D is implicated in fetal 
lung growth and maturation (20). There is also evidence of a 

Figure 1 - Distribution of the duration of wheezing, total numbers of wheezing episodes, numbers of wheezing episodes and systemic glu-
cocorticoid need in the previous year with regard to vitamin D levels.
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al. Childhood Asthma Research and Education (CARE) Network 
of the National Heart, Lung, and Blood Institute. The  associa-
tion between vitamin D status and the rate of exacerbations requir-
ing oral corticosteroids in preschool children with recurrent wheez-
ing. J Allergy Clin Immunol. 2014;133(5):1489-92.

19.	Jartti T, Ruuskanen O, Mansbach JM, Vuorinen T, Camargo CA 
Jr. Low serum 25-hydroxyvitamin D levels are associated with in-
creased  risk  of  viral  coinfections  in wheezing  children. J Allergy 
Clin Immunol. 2010;126(5):1074-6.e1-4.

20.	Sakurai R,  Shin E,  Fonseca S,  Sakurai T,  Litonjua AA,  Weiss 
ST, Torday JS, Rehan VK. 1alpha,25(OH)2D3 and its 3-epimer 
promoter at lung alveolar epithelial-mesenchymal interactions 
and inhibit lipofibroblast apoptosis. Am J Physiol Lung Cell Mol 
Physiol. 2009;297(3):496-505.
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structure. Am J Respir Crit Care Med. 2011;183(10):1336-43.
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sample could have been obtained and mean vitamin D levels 
throughout the year could have been measured in order to min-
imize the seasonal differences.
As a result, mean 25OHD levels were lower in patients with 
recurrent wheezing than healthy controls. The duration of ill-
ness and number of wheezing episodes were correlated with vi-
tamin D levels. Evaluation of the serum levels of vitamin D and 
supplementation if needed should be recommended in patients 
with recurrent wheezing, especially in patients with long-term 
and frequent wheezing episodes.
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Summary
Background. The term of α-Gal syndrome, which includes the delayed allergy to red meat 
and the allergic reactions following the administration of cetuximab, is associated to the pres-
ence of specific IgE to α-Gal. In Italy, only anecdotal cases were reported so far. The Associa-
tion of Italian Allergists (AAITO) carried out a survey with the aim of evaluating presence, 
characteristics, clinical features, and distribution of the syndrome in Italy. Methods. A web 
structured questionnaire was made available on the website of AAIITO from July 2016 to 
January 2017. It included 31 multiple-choice questions concerning different items, including 
the site of physicians, the number of patients diagnosed as having cetuximab allergy and/or 
delayed red meat allergy, recall of tick bites, symptoms, time to reactions, elicitor foods, reac-
tions with foods other than meat, and in-vivo and in-vitro tests used for the diagnosis. Results. 
Seventy-nine physicians completed the questionnaire. Nine cases of allergy to cetuximab and 
40 cases of delayed red meat allergy were recorded across Italy. 22.5% of patients with cetux-
imab allergy and 62.5% of those with delayed red meat allergy recalled a tick bite. 75% of 
patients with delayed red meat allergy experienced symptoms after eating beef (butcher’s cut in 
72.5%). Urticaria was the most frequent clinical manifestation (65% of cases). In 60.6% of 
cases symptoms appeared 2 - 4 hours after meat ingestion, while in 7.9% symptoms appeared 
after > 4 hours. The most used diagnostic methods were the intradermal test for cetuximab 
allergy (88.9%) and the detection of IgE to α-Gal (55.5%) for red meat allergy. Most case 
reports came from Northern Italy. Conclusion. α-Gal syndrome is present in Italy and beef is 
the most frequent offending food. In most cases symptoms were not severe.
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though a study carried out on a population living in pre-Alps 
area and largely exposed to bites of Ixodes ricinus showed a high 
prevalence of sensitization to α-Gal (19). In this study we report 
the results of a survey on α-Gal syndrome carried out among 
the members of the AAIITO (the Italian Association of Aller-
gists and Immunologists working on the Territory) with the aim 
of evaluating the presence, clinical features, and distribution of 
α-Gal syndrome in Italy. 

Methods

A web structured questionnaire was made available on the AAII-
TO website (www.aaiito.it) for six months, from July 2016 to 
January 2017. An invitation to participate to the survey was sent 
twice by e-mail to all the 500 members of the association. The 
31 multiple-choice questions covered the following items: geo-
graphical origin of the physicians involved in the survey; num-
ber of patients visited per year; number of patients with cetux-
imab and/or delayed red meat allergy diagnosed so far; memory 
of a tick bite (if positive, where and number); symptoms fea-
tures; in the case of red meat allergy: kind of meat involved, 
dish preparation, latency of reactions, reactions with foods other 
than meat; in vivo and in vitro diagnostic tests commonly used 
(20-21); availability of tests to detect sIgE to α-Gal.
In 44 centres, the diagnosis of α-Gal sensitization was carried 
out by means of ImmunoCap to a-Gal (Thermofisher diagnos-
tics, Uppsala, Sweden).

Results

Seventy-nine physicians (79/500; 15.8%) from 20 of 21 Italian 
Regions (Figure 1) completed the questionnaire. They globally 
visit more than 150.000 patients per year (range 500 - > 2000 
patients / centre). 
Nine cases of allergy to the first injection of cetuximab were 
described in 5 centres (2 centres reported 3 cases) from 4 
different regions (Toscana, Friuli Venezia Giulia, Lombardia 
and Lazio); specific features are shown in Table I. Only two 
patients recalled a previous tick bite. 4/9 (44.4%) experi-
enced a severe reaction and the diagnosis was made by the 
intradermal test with cetuximab in the majority of patients 
(88.9%).
Forty cases of delayed red meat allergy were reported by 21 
centres located in 11 different Italian Regions, with a higher 
prevalence in Northern Italy (Figure 2). The distribution of 
these cases in the 21 centres are shown in Figure 3, while their 
main features are reported in Table II. Twenty-five/40 (62.5% 
of patients) recalled a previous tick bite which, in the major-
ity of cases, occurred in the hills (76%) or in the mountains 
(20%). 22/40 (55.3%) of patients experienced from two to 
four adverse reactions before the diagnosis, and 34.2% of pa-

Introduction

Galactose-α-1,3-galactose (α-Gal) is a carbohydrate epitope 
that is abundantly expressed on glycoproteins of mammalian 
origin, including non-primates, prosimians and New World 
monkeys (1,2) and is produced by the enzyme α-1,3-galacto-
syltranferase (α-1,3 GT). In contrast, α-Gal is not expressed in 
Old World monkeys, apes and humans, since the enzyme α-1,3 
GT is non-functional, as result of an evolutionary event that 
occurred possibly 28 million years ago (3). As a consequence, 
species not expressing the α-Gal epitope produce large amounts 
of IgG antibodies to α-Gal, due to the constant antigenic stim-
ulation exerted by bacteria present in the intestinal flora (4). 
It is estimated that approximately 1% of all IgG antibodies in 
human subjects are directed against the α-Gal epitope, repre-
senting the major immune barrier in xenotransplantation (5).
IgE antibodies against the α-Gal epitope were identified in a 
subset of patients treated with cetuximab, a chimeric mAb ap-
proved for use in patients with colorectal cancer and squamous 
cell carcinoma of the head and neck, who developed severe ana-
phylactic reactions upon the first administration, suggesting the 
presence of pre-existing IgE antibodies. Further investigations 
revealed that anaphylactic reactions were induced by pre-existing 
IgE antibodies against the α-Gal epitope on the Fab portion of 
cetuximab (6). In addition, IgE antibodies to α-Gal have result-
ed to be related also to delayed (from 3 to 6 hours) anaphylactic 
reactions following the ingestion of red meat (7,8). Intriguingly, 
both cetuximab and red meat allergies showed great variation 
depending on the geographic location, which led to hypothesize 
that the cross-reactivity could originate from locally occurring 
biting insect or other parasites (9). In the US, the development 
of IgE to α-Gal was eventually linked to bites from ecto-parasit-
ic ticks, especially the Lone Star tick, Amblyomma americanum 
(10), whereas in Europe and Australia it has been associated to 
bites of Ixodes species (9). Hamsten and coworkers (11) showed 
that the α-Gal epitope is present in the gastrointestinal tract of 
Ixodes ricinus, which exposes the host to α-Gal during the bite. 
Two other papers from Brazil (12) and Japan (13) demonstrated 
the presence of α-Gal epitope in the saliva of other tick species, 
respectively Ambyomma sculptum and Haemaphysalis longicornis.
The term “α-Gal syndrome” was recently proposed to better 
describe this novel disease that occurs worldwide (14,15) and 
is clinically defined by the three facets of this allergy: (a) an IgE 
mediated food allergy with a typically delayed onset following 
the ingestion of mammalian meat and innards; (b) a drug al-
lergy to cetuximab or gelatin-based colloids, both containing 
many α-Gal epitopes; and (c) allergic (generally local) reactions 
to tick bites (16).
Many cases of α-Gal syndrome have been described in Europe, 
particularly in Sweden, Germany and France (16,17), whereas 
in Italy only anecdotal cases have been reported so far (18), al-
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Figure 1 - Number of allergy centers distributed for the single Ital-
ian regions that answered the questionnaire. 
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tients more than four. 75% of the reactions were associated to 
the ingestion of beef, 17.5% of pork, and only few cases to the 
ingestion of sheep (5.0%) or game meat (2.5%). The majority 
of reactions (72.5%) were elicited by butcher’s cut meat (i.e., 
muscle meat), whereas tripe (10%), sausages (5.0%), ham 
(2.5%), hamburger (2.5%) and liver / kidney (2.5) were the 
elicitors in the remaining cases. Nine out of 40 (22.5%) pa-
tients with delayed meat allergy reported adverse reactions also 
with other foods, in particular milk (4/9), gelatine containing 
sweet / toffee (4/9), and cakes (1/9), and one patient experi-
enced an acute reaction during a gelatine plasma expander in-
fusion. The most frequent clinical presentation was urticaria, 
and in 60.6% of patient the symptoms appeared between 2 
and 4 hours after meat ingestion. 
55% of the interviewed centres diagnosed α-Gal sensitiza-
tion by in vitro means (specific IgE to α-Gal; Thermofisher 
diagnostics, Uppsala, Sweden); 55% by SPT with commer-
cial beef and/or pork meat extracts, 42.5% by prick-prick 
with fresh meat, 27.5% by prick-prick with liver / kidney of 
pork or beef, 10% by SPT / intradermal test with cetuximab, 
and 5% by basophils activation test (BAT). α-Gal-specific 

Table I - Features of patients with cetuximab allergy.

Question N° (%)

1. Do the patient remember the tick bite

    yes 2/9 (22.2)

    no 5/9 (55.6)

    unknown 2/9 (22.2)

2. �If yes, how many months before 
the adverse reaction?

    < 1 0/2 (0.0)

    1-3 2/2 (100)

    4-6 0/0 (0.0)

    7-12 0/0 (0.0)

    > 12 0/0 (0.0)

3. The patient was bitten

    in urban area 1/2 (50.0)

    in rural area on the plain 1/2 (50.0)

    in the hills 0/2 (0.0)

    in the mountains 0.0 (0.0)

4. The adverse reaction was

    mild 2/9 (22.2)

    moderate 3/9 (33.4)

    severe 4/9 (44.4)

10. Methods used for the diagnosis

    SPT with cetuximab 6/9 (66.7)

    Intradermal test with cetuximab 8/9 (88.9)

    BAT 0/9 (0.0)

    sIgE to α-Gal 3/9 (33.3)

IgE levels were very high in most cases (> 100 kUA/L in 8/22 
cases) (Figure 4).
Finally, physicians were asked whether they felt that they previ-
ously visited other patients with possible α-Gal syndrome that 
remained undiagnosed, because at that time the syndrome was 
not yet known or because the diagnostic facilities were unavail-
able in their clinical setting. Nineteen physicians answered they 
met patients with symptoms possibly suggesting an α-Gal syn-
drome (17 cases of delayed red meat allergy; 2 cases of cetux-
imab allergy). In these cases, the diagnosis made was: idiopathic 
anaphylaxis (38.1%); adverse reaction to red meat / cetuximab 
of possible allergic type (19.0%); not allergic adverse reaction to 
red meat / cetuximab (9.5%); other diagnoses (33.3%). 



266 D. Villalta, L. Cecchi, A. Farsi, F. Chiarini, P. Minale et al.

Discussion

This survey shows that the α-Gal syndrome is present through-
out all Italy, as expected in view of Ixodes spread in the country. 
Nonetheless, cases reported from Northern Italy exceed those 

reported from other regions. Whether this really reflects a high-
er prevalence, or it is due to a more widespread awareness of this 
syndrome and/or to a larger availability of the technology to 
detect specific IgE to α-Gal, remains to be established. 
Only a minority of patients with cetuximab allergy (22.2%) vs 
62.5% of those with delayed red meat allergy recalled tick bites. 
These percentages are lower than those reported by Commins et 
al. (10), who found that more than 90% of subjects with serum 
IgE to α-Gal had a history of tick bites, and by Kennedy et al. 
(22), who reported in a paediatric population with delayed ana-
phylaxis to red meat a tick exposure in 100% of cases. A possible 
explanation for this fact might be that, unlike subjects exposed 
to Amblyomma americanum, subjects exposed to Ixodes ricinus 
are not always aware of being bitten, as during the attachment 
and feeding process Ixodes ricinus injects a complex mixture of 
bioactive chemicals into the host, eventually resulting in a pain-
less bite. Moreover, larval ticks are about 1 mm in diameter and 
are generally not seen or appear as small black dots, but still 
may cause sensitization through their bites (10). As expected, 
the majority of patients were bitten in the hills or mountains 
between one and twelve months before the appearance of symp-
toms (Table II).
An interesting finding of this survey is that reactions were most 
frequently reported with beef, which is in contrast with data 
from other European surveys, where beef and pork showed a 
similar importance as symptoms elicitors (16). Another import-
ant difference with the cases described in Germany and France, 
is that in Italy most of the reactions were seen after ingestion 
of butcher’s cut meat, whereas in the other European countries 
mammalian kidney, innards, and sausages (frequently including 
innards), were the major elicitors (16,17, 23). Thus, the differ-
ent food habits between European countries may play a relevant 

Figure 2 - Distribution of the cases of delayed red meat allergy in Italy.
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Question N° (%)

1. Do the patient remember the tick bite

    yes 25/40 (62.5)

    no 10/40 (25.0)

    unknown 5/40 (12.5)

2. �If yes, how many months before the adverse reaction?

    < 1 0/22 (0.0)

    1 - 3 5/22 (22.7)

    4 - 6 5/22 (22.7)

    7 - 12 6/22 (27.3)

    > 12 6/22 (27.3)

3. The patient was bitten

    in urban area 0/25 (0.0)

    in rural area on the plain 1/25 (4.0)

    in the hills 19/25 (76.0)

    in the mountains 5/25 (20.0)

4. �How many adverse reactions the patient complained before 
the diagnosis?

    0 - 1  4/38 (10.5)

    2 - 4 21/38 (55.3)

    > 4 13/38 (34.2)

5. �Which kind of meat caused the adverse reaction?

    pork 7/40 (17.5)

    beef 30/40 (75.0)

    horse 0/40 (0.0)

    lamb 2/40 (5.0)

    game 1/40 (2.5)

    rabbit 0/40 (0.0)

6. Which was the dish preparation?

    butcher’s cut 29/40 (72.5)

    ham 1/40 (2.5)

    sausages 2/40 (5.0)

    würstel 0/40 (0.0)

    hamburger 1/40 (2.5)

    tinned meat 0/40 (0.0)

    tripe 4/40 (10.0)

    liver / kidney 1/40 (2.5)

    other 2/40 (5.0)

7. �Adverse reaction with foods/products  
a part the meat

    no 31/40 (77.5)

    yes 9/40 (22.5)

    If yes

    milk 3/9 (33.3)

    sweet / toffee 4/9 (44.4)

    cakes 1/9 (11.1)

    vaccines 0/9 (0.0)

    gel infusion 1/9 (11.1)

    other 0/9 (0.0)

8. Symptoms

    urticaria 26/40 (65.0)

    angioedema 1/40 (2.5)

    oral / gastrointestinal 8/40 (20.0)

    anaphylaxis 5/40 (12.5)

9. Symptom onset

    < 30’ 3/38 (7.9)

    30’ - 1 h 4/38 (10.5)

    1 h - 2 h 5/38 (13.1)

    2 h - 4 h 23/38 (60.6)

    > 4 h 3/38 (7.9)

10. Methods used for the diagnosis

      SPT with commercial extracts 21/40 (52.5)

      prick to prick with meat 17/40 (42.5)

      prick to prick with liver/kidney 11/40 (27.5)

      prick with cetuximab 4/40 (10.0)

      BAT 2/40 (5.0)

      sIgE to α-Gal 22/40 (55.0)

Table 2 - Features of patients with delayed red meat allergy

role in the occurrence of the syndrome. In fact, in many regions 
of Europe innards are both consumed as local delicacies, and 
used in sausage products. Kidney, tripe, heart, sweetbread, lung, 
brain, and tongue from pork, beef, and lamb are processed in 

such delicacies and consumed in Germany and France. Interest-
ingly, time delay > 2-4 hours was seen in about 70% of Italian 
subjects, which is typically associated with muscle meat inges-
tion, whereas the allergic reaction occurs as short as 1 h follow-
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Summary
Prevalence of the Anisakis Simplex’s (AS) sensitization in children sensitized to Dermato-
phagoides pteronissynus (DP) is not known, neither it is to which percentage it might be 
due to cross-reactivity. The primary objective of the present retrospective cross-sectional study is 
to evaluate the prevalence of sensitization to AS in children sensitized or allergic to DP. Sec-
ondary outcomes were the prevalence of cross-reactivity and clinical relevance of the condition. 
The prevalence of sensitization to AS differs significantly among patients sensitized and not to 
DP (13.43% vs. 3.80%; p=0.019). The higher prevalence is mainly due to cross-reactivity 
with Der p10 (OR=8.86; 95% CI=4.33–40.74; p=0.0001). Currently, the sensitization to 
AS seems to have no clinical relevance in the pediatric population.
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Introduction

The nematode Anisakis simplex (AS) is a common parasite of 
fish, marine mammals and invertebrates. The life cycle com-
prises the stage of egg, various stages of larva and adult nem-
atode. The encapsulated larvae of the third stage are common 
in fish organs and muscles. They infest fish of various species 
over large geographical areas. Eating raw or undercooked fish 
can result in infestation with the larva and can cause severe 
gastrointestinal symptoms (anisakiasis). Several studies sug-

gest that AS can be a food allergen and induce IgE-mediated 
reactions such as urticaria, angioedema, and anaphylaxis. AS 
can cause allergic reactions even when well cooked, because 
some allergens are thermostable. There have been reports of 
occupational allergy with asthma and conjunctivitis, and a 
causal relationship was demonstrated between AS and chron-
ic urticaria (1). Finally, AS can also be responsible for de-
layed, cell-mediated allergic reactions, specifically eczema, 
caused by live, cooked, and frozen larvae after repeated han-
dling of raw fish (2).
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The sensitization was significantly associated with sensitization 
to DP and other allergens such as cod and soia (13).
The importance of cross-reactivity in patients sensitized to the 
AS, in particular in the pediatric age, is not known, both with 
respect to the immunological profile (prevalence of cross-reac-
tivity or sensitization to genuine allergens) and to the clinical 
manifestations (allergic reactions or asymptomatic sensitiza-
tion). Therefore, the primary objective of this study is to assess 
the prevalence of sensitization to the AS in children sensitized 
and/or allergic to DP.
Secondary endpoints are:
1.	 to evaluate the cross-reactivity between AS and DP
2.	 to assess the clinical relevance of sensitization to AS in chil-

dren sensitized and/or allergic to DP (presence and severity 
of allergic reactions following ingestion / inhalation of AS).

Methods

We conducted a retrospective cross-sectional study by extract-
ing and analyzing data from the medical records of a specific 
sub-population of patients referring to the Paediatric Allergy 
Day Hospital (DH) of the Sacro Cuore di Gesù Fatebenefratelli 
Hospital in Benevento (Italy), from January 1st 2013 to October 
30th 2016. Every year, about 500 patients refer to the Pediatric 
Allergy DH, for a total of about 1800 medical records during 
the period of the study. Of these, 294 were selected, on the basis 
of inclusion and exclusion criteria.
Inclusion criteria. Pediatric patients (1 - 18 years) with suspected 
sensitization or allergy to DP, who underwent allergy testing for 
DP and AS, and refer consecutively to the Paediatric Allergy 
DH of the Fatebenefratelli Hospital in Benevento. Exclusion 
criteria. Patients who do not meet the inclusion criteria, with 
suspicion of allergy not related to the DP, or who meet the in-
clusion criteria but have malformations or are suffering from 
severe chronic illness, or assume antihistamines, corticosteroids 
or immunosuppressants. Data regarding medical history, Skin 
prick tests (SPT) and serum IgEs were extracted from the med-
ical records of the included patients.
Medical history was collected by the referent of the Paediatric 
Allergy DH of the Fatebenefratelli Hospital in Benevento, with 
specific reference to respiratory allergic symptoms, food allergy 
and allergy to DP. Skin prick tests (SPT) were performed with 
commercial extracts for Dermatophagoides farinae (DF), Der-
matophagoides pteronyssinus (DP), Anisakis, cockroach, shrimp, 
(Alk-Abello by International Pharmaceutical Immunology, SA, 
Madrid, Spain: protein concentration =1 mg/ml). The SPT re-
sults were considered positive (wheal diameter >3 mm) in line 
with the recommendations of the European Academy of Allergol-
ogy and Clinical Immunology (15). Serum IgEs against DF, DP, 
Der p1, p2 Der, Der p10, Pen a1 (Immuno CAP Phadia) were 
measured. Values >0.35 KU/L were considered positive (13).

In recent years there has been an increase in cases of anisakia-
sis probably due to several factors: increase in the number of 
sea mammals, “global cuisine”, faster cooking methods (micro-
wave) also to preserve vitamins, increase in fish consumption for 
healthier lifestyles (3).
About 90% of the cases worldwide occurs in Japan, followed 
by Italy, Spain, Hawaii, and other countries where raw or un-
dercooked fish consumption is a tradition. The prevalence of 
sensitization in Norway, where fish is eaten baked or fried, is 
around 2%, while in Spain and Japan is 12% (4,5,6). The hy-
persensitivity, as well as the susceptibility to the disease, may be 
explained by genetic predisposition (7).
Clinical manifestations of AS are essentially gastric, intestinal, 
ectopic and systemic disorders, probably according to the route 
of sensitization (8).
The prevalence of sensitization in Italy is on average 4.5%, with sig-
nificant geographical differences (variation from 0.4% to 12.7%) 
due to local culinary traditions, being greater on the Tyrrhenian 
and Adriatic coasts where it is common to eat raw and marinated 
fish. In the mainland, the sensitization to AS is essentially related 
to migration: in Milan and Turin 60% of people sensitized to AS 
is native to Southern Italy and non-EU countries (9).
The cause of sensitization is not clear. It has been suggested that 
sensitization in asymptomatic individuals is due to early infesta-
tions. However, cross-reactivity may also be a possible explana-
tion, demonstrated between AS and other nematodes, arthropods 
(eg. Blatta germanica) and some types of dust mite (Acarus siro, 
Lepidoglyphus destructor, Tyrophagus putrescentiae, DP) (10). In a 
recent study of adult patients in Sicily, a region in which the con-
sumption of raw or marinated fish is very common, the co-sensi-
tization to dust mites results in an OR of 1.98 for AS allergy (9).
The cross-reactivity is due to a thermostable protein, highly 
conserved, present in muscle and non-muscle cells: the tropo-
myosin. This protein is the major allergen of shellfish, and it 
is the main allergen responsible for the molecular and clinical 
cross-reactivity by ingestion of shellfish and by inhalation of 
other invertebrates, such as dust mites and insects (11). Actin 
and myosin together have an important role in contractile ac-
tivity, i.e. motility adjustment and cell morphology (12). Der 
p10 (DP), Ani s3 (AS) and Pen a1 (shrimp) are among the tro-
pomyosins currently identified (11). In a subject sensitized to 
multiple allergens, eg. DP and AS, the presence of IgEs against 
tropomyosin and not against the genuine allergens is an indica-
tion of cross-reactivity. The sensitization to tropomyosin may 
involve allergic reactions of highly variable severity, with very 
low clinical impact until anaphylaxis (11).
Data on the prevalence of sensitization to AS in the Italian pedi-
atric population are limited. A 2001 study on patients consecu-
tively referred to an Allergology Center, reported a prevalence of 
6.1%. The sensitized patients had no allergic symptoms to AS. 
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Statistical tests. Mean±standard deviation (SD), median and 
range (interquartile range, minimum and maximum) were cal-
culated for continuous variables, whereas proportions (preva-
lences) were calculated for categorical variables. To evaluate dif-
ferences between frequencies, χ

2
 test was used. Odds ratio (OR) 

and 95% confidence interval (95% CI) were calculated between 
some variables (DP, Der p10, Shrimp, Pen a1 sensitization, DP 
allergy, Food allergy) and AS sensitization. The p value <0.05 
was considered statistically significant. For statistical analysis 
STATA 13 software was used. The sample size was calculated 
with StatCalc of EpiInfo ver. 7.2.

Results

A total of 294 patients were selected, with a mean age of 7.7±3.5 
years (median=7; range=0–16). Data on sensitization and dis-
charge diagnoses are summarized in Table I.
The prevalence of SPT positivity to the tested allergens was: 
Dermatophagoides farinae 68.4%, DP 69.4%, AS 10.5%, cock-
roach 8.2%, shrimp 2.4%, Der p1 43.2%, Der p2 38.8%, Der 
p10 5.8%, Pen a1 5.1%. IgEs titer (KU/L) against DP and tro-
pomyosins Der p10 and Pen a1 were respectively 19 (0– >100), 
0.01 (0–37), and 0.02 (0–38.4)

Outcomes

Primary outcome. Prevalence of STP positivity (sensitiza-
tion) to AS among patients positive to the DP. Secondary 
outcomes. Cross-reactivity (associations with sensitization to 
cockroach, shrimp, tropomyosins Der p10 and Pen a1) and 
clinical relevance (suggestive clinical history of allergic reac-
tions occurring some minutes up to 2 hours after ingestion 
of raw or marinated fish, confirmed by a positive SPT to AS) 
of sensitization to AS.

Data collection

All the data relevant for the study were collected using an ad hoc 
database in Excel (Microsoft software).

Statistical analysis

Sample size. For an expected prevalence of sensitization to 
AS=6%, based on the data already known in the literature (12), 
with the probability alpha=0.05 and beta=0.20, with a preci-
sion=4%, the minimum sample size calculated was equal to 140 
patients.

Table I - Age, sensitization (IgEs; SPT) and allergies (allergy to DP, food allergy).

Variable N° Positives
N° (%)

Mean (SD) Median
(interquartile;  

range min–max)

Age (years) 254 7.67 (3.54) 7 (5; 0–16)

Dermatophagoides farinae (DF)  
IgEs (KUA/L)

177 140 (79.10) 28.17 (34.08) 13.3 (42.67; 0– >100)

Dermatophagoides pteronyssinus (DP) 
IgEs (KUA/L)

183 153 (83.61) 39.05 (41.32) 19 (92.00; 0– >100)

Der p1 IgEs (KUA/L) 289 127 (43.94) 27.63 (35.33) 5.52 (70.67; 0– >100)

Der p2 IgEs (KUA/L) 232 114 (49.14) 26.12 (35.33) 2.59 (53.07; 0– >100)

Der p10 IgEs (KUA/L) 226 16 (7.08) 0.94 (4.82) 0.01 (0.06; 0–37)

Pen a1 IgEs (KUA/L) 110 15 (13.64) 1.23 (5.12) 0.02 (0.01; 0–38.4)

DF SPT 282 201 (71.28)

DP SPT 283 204 (72.08)

Anisakis simplex (AS) SPT 281 31 (11.03)

Cockroach SPT 281 24 (8.54)

Shrimp SPT 204 7 (3.43)

Food Allergy 294 27 (9.18)

DP Allergy 291 126 (43.30)
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Allergy Center (9). In this sample, the prevalence of sensitiza-
tion to AS was about 15%, similar to the one recorded in other 
coastal areas of Italy (~12%), with the only unexplained excep-
tion of Messina (0.8%) (1).
Approximately 30% of sensitized patients showed a single sensi-
tization. The age was a risk factor for sensitization to AS, more 
common in older patients, along with the sensitization to dust 
mite and mildew.
Despite the reported association between sensitization to DP 
and to AS, the authors have neither quantified the cross-reac-
tivity, nor they have been able to correlate the AS allergy (for 
most gastrointestinal and respiratory symptoms, but also, in ap-
proximately 7% of cases, for anaphylaxis) with cross-reactivity 
or sensitization.
In the first study on pediatric patients published in Italy, pa-
tients consecutively referred to the Pediatric Allergy Centre of 
the University of Florence. The sensitization to AS resulted as-
sociated with DP and Alternaria sensitization, atopy, allergy to 
soya, cod and, weakly but significantly, age. The prevalence of 
sensitization was 6.1%; none of the sensitized patients showed 
allergic reactions to AS (13).
Another recent study assessed the AS sensitivity in 443 Italian 
children living in an endemic area, consecutively presenting at 
three Pediatric Allergy Centers in Rome and one Center in Na-
ples (14). The prevalence of sensitization was 4.5%, and the 
Anisakis-sensitized children were significantly older than control 

With regards to the discharge diagnosis, the prevalence of DP 
allergy and food allergies was 43% and 9%, respectively.
No patients had allergic symptoms to AS. The prevalence of 
sensitization to AS, in the subgroups with DP sensitization and 
allergy, was (Table II):
•	 13.4% and 3.8% in patients with and without sensitization 

to DP, respectively
•	 50% and 7%, in patients with and without sensitization to 

Der p10, respectively
•	 15.3% and 7.1%, in patients with and without DP allergy, 

respectively

Sensitization to AS was not associated with age [OR (95% 
CI)=1.09 (0.98–1.22); p=0.113]. Associations were found 
with sensitization to DP [OR (95% CI)=3.93 (1.15–13.35); 
p=0.028)], DP allergy [OR (95% CI)=2.35 (1.07–5.15); 
p=0.033)], tropomyosin Der p10 [OR (95% CI)=8.86 (3.01–
26.1); p<0.0001)], shrimp [OR (95% CI)=52.94 (5.84–479.7); 
p<0.0001], and tropomyosin Pen a1 [OR (95% CI)=11 (3.08–
38.30); p<0.0001] (Table II).

Discussion

Sensitization to AS is still under investigation in many clinical, 
epidemiological and laboratory-based studies aiming at the mo-
lecular characterization of the allergens. The latest Italian data 
are on 3,419 adult patients referred to the Catania University 

Table II - Comparison between patients sensitized and not sensitized to Anisakis Simplex. 

Patients not sensitized  
to Anisakis simplex

N° (%)

Patients sensitized  
to Anisakis simplex

N° (%)
OR (95% IC) P value1

Dermatophagoides  
pteronyssinus (DP)  
sensitization

yes 174 (86.57) 27 (13.43)
3.93 (1.15–20.78) 0.019

no 76 (96.20) 3 (3.80)

Der p10 sensitization
yes 8 (50.00) 8 (50.00)

8.86 (2.56–29.82) <0.0001
no 186 (93.00) 14 (7.00) 

Shrimp sensitization
yes 1 (16.67) 17 (8.63)

52.94 (5.25–2516.05) <0.0001
no 180 (91.37) 5 (83.33)

Pen a1 sensitization
yes 8 (53.33) 7 (46.67)

11 (2.51–46.79) <0.0001
no 88 (92.63) 7 (7.37)

DP allergy
yes 105 (84.68) 19 (15.32)

2.35 (1.01–5.70) 0.028
no 143 (92.86) 11 (7.14)

Food allergy
yes 23 (88.46) 3 (11.54)

1.06 (0.19–3.85) 0.931
no 227 (89.02) 28 (10.98)

1In bold statistically significant results.
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AS, so the clinical relevance of the sensitization and the related 
cross-reactivity with DP is, at least in the pediatric age, appar-
ently inexistent.
A strength of our study is the demonstration, in patients sensi-
tized to DP and AS, of the importance of cross-reactivity, also 
confirmed by the results of molecular investigations, specifically 
by dosages of Tropomyosins Der p10 and Pen a1.
The limits are as follows: we have no data on recombinant al-
lergen-specific IgE Anis s3, and we do not know if this result 
could be confirmed in larger or different populations, or if 
it could be confirmed on the same patients with an adequate 
follow-up. The studies on adults published to date do not 
resolve the issue.

Conclusions

This study shows that sensitization, in patients asymptomatic 
for AS allergy but sensitized to DP, is essentially due to cross-re-
activity and is associated with positivity of tropomyosin Der 
p10, DP pan allergen. Currently, the sensitization to AS seems 
to have no clinical relevance in the pediatric population, since 
it does not entail an increased risk of allergic reaction to AS, 
but we do not know if the risk increases with age, and if it may 
change in relation to genetic and/or environmental factors. 
Therefore, further studies are needed to confirm these results, 
as well as to complete the identification and characterization 
of AS allergens and the counterparts in nematodes, insects and 
crustaceans. 
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Summary 
Introduction. There is no information regarding the pattern of inpatient referrals to drug 
allergy units in Kuwait. Objectives. The main goal of this study is to clarify the pattern of 
inpatient referrals to a drug allergy unit in terms of incidence, drugs implicated and allergy 
evaluation outcomes in comparison with studies in other countries. Patients and Methods. A 
retrospective chart review of inpatient drug allergy consultations at Al-Rashed Allergy Center 
over a 3-year period was performed. Results. A total of 51 patients were referred for drug 
allergy consultations, with an estimated incidence of reported drug allergy among inpatients 
of 0.008%. There is an increasing trend of referrals from public health centres located in 
proximity to Al-Rashed Allergy Center. Beta-lactams, contrast media, and general anaesthetics 
were the most common drugs leading to referrals. In total, 30% of patients were diagnosed 
with an allergy to the offending drug after a full allergy evaluation. Conclusion. Inpatient 
drug allergy referrals are highly underreported in Kuwait.
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Pattern of inpatient referrals to a drug allergy unit  
in Kuwait

M. Al-Ahmad1,2, T. Rodriguez Bouza2

Introduction

There are few studies regarding inpatient consultations for al-
lergy and immunology (1-3), and data are scarce when limited 
to inpatient drug allergy consultations.  Adverse drug reactions 
(ADRs) have been reported in up to 10-20% of patients, with 
up to one-third of these reactions being allergic or pseudo-al-
lergic in nature (3-5). Previous studies reported an incidence of 
drug allergic reactions among inpatients from 0.42% to 0.87% 
(3-5), with referral rates from 0.078% to 0.231% (3,4), but 
there are no data regarding Gulf-area countries, such as Kuwait. 
As the problem of drug allergies is growing worldwide, we 
sought to investigate referrals for drug allergies to clarify the 
pattern of inpatient consultations at our drug allergy unit in Al-
Rashed Allergy Center in terms of incidence, related drugs and 
allergy evaluation outcomes.

Materials and methods 

Kuwait is divided into six governorates, which are served by six 
major general hospitals. Al-Rashed Allergy Center is located in 
the Sabah Hospital Area (in the capital area), and it serves all 
governorates in Kuwait.  
Drug hypersensitivity reactions from all hospitals in Kuwait are 
referred to our center. This is a retrospective, descriptive study 
looking at all records from our referrals for inpatient drug aller-
gies. Anaphylaxis has been defined as a severe, life-threatening 
generalized or systemic hypersensitivity reaction (6). Patients 
were managed following EAACI guidelines in the case of beta-
lactams (7,8), RCM (9) and anaesthesia (10). Skin test concen-
tration were obtained from EAACI guidelines (11) and alter-
natively from AAAAI practice parameter (12) for the cases not 
included in EAACI guidelines.
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Results

The study included 51 patients and a total of 53 drug consul-
tations. The mean age was 41.69 years, with a range of 6 to 87 
years, including 41 females and 10 males. 
A total of fifteen referrals were to evaluate allergy to beta-lactams, 
nine to contrast media, six to anaesthesia, five to antituberculosis 
drugs, six to NSAIDs, two to carbamazepine, two to aminoglyco-
sides and two to quinolones. Among the remaining six referrals, 
the offending drugs were protamine, allopurinol, clarithromycin, 
Vitamin D, hydrocortisone, and local antiseptics. 
Unfortunately, eight consultations regarding beta-lactams and one 
each regarding antituberculosis drugs, quinolones and contrast 

The data were collected for a 3-year period from patients re-
ferred to our center, from March 2010 to February 2013, and 
were reviewed for demographics, drugs implicated and allergy 
evaluation procedures and outcomes. Epidemiologic data were 
obtained from January 2011 to December 2013 from the Ku-
wait Ministry of Health (MOH) Statistics. Ethical approval 
was obtained from the institutional ethics committee (13-15). 
Clearance of the study protocol was obtained from the MOH 
Standing Committee for the Coordination of Health and Med-
ical Research.
The data were coded, entered and analysed using SPSS version 
20 software for Windows (IBM, Armonk, NY, USA). 

Table 1 - Reactions confirmed by the drug allergy evaluation.

# Age Sex Initial reaction
Drug eliciting  
response

Diagnostic  
evaluation

Comments

1 31 F Anaphylaxis General anesthesia Positive ST
Cisatracurium

Alternative skin test negative drug was 
used

2 26 F Anaphylaxis General anesthesia Positive ST rocuronium,  
pancuronium

Alternative skin test negative drug was 
used

3 73 M Anaphylaxis RCM Negative ST
Positive clinical history only1

Anaphylaxis despite premedication2

4 59 F Anaphylaxis Carbamazepine Positive clinical history only1 Alternative drug used, no further test 
needed

5 67 F Urticaria Betalactams Positive ST Alternative antibiotic used

6 37 M Urticaria Betalactams Positive ST Alternative antibiotic used

7 63 F Urticaria
Angioedema

Hydrocortisone Positive ST Challenge negative for dexamethasone

8 65 F Urticaria NSAIDs Positive challenge Reaction during desensitization. sPatient 
tolerated ASA 81 mg

9 59 M Maculopapular Allopurinol Positive patch test Unsuccessful desensitization

10 52 F Maculopapular Antituberculosis Positive patch test  
isoniazid, rifampicin

Alternative antibiotic used

11 70 F Maculopapular Antituberculosis Positive clinical history 
only1

Negative culture for TBC, so no further 
test needed

12 56 F Maculopapular RCM Negative ST
Positive clinical history only1

Maculopapular rash despite premedication2

13 23 F DRESS Carbamazepine Positive clinical history only1 Alternative drug used, no further test needed

14 11 M DRESS Betalactams Positive clinical history only1 Alternative drug used, no further test needed

15 29 F DRESS Antituberculosis Positive clinical history only1 Alternative drug used, no further test needed

16 30 F DRESS Antituberculosis Positive clinical history only1 Alternative drug used, no further test needed
1A positive clinical history was present in all cases. However, “only” was highlighted if a positive clinical history was used by itself for diagnosis.
2Premedication indicated as per EAACI guidelines (3).
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quently implicated group of drugs for referrals, followed by sul-
phonamides and antiepileptic drugs (5,16). In our study, the 
leading referred drugs for evaluation were beta-lactams, contrast 
media, and general anaesthetics. 
We had an increased number of consultation for female patients, 
which is similar to other studies (2-5). One patient presented 
anaphylaxis immediately after carbamazepine intake, but skin 
testing other than patch is not standardized, and a confirmatory 
diagnostic work-up was not performed due to the availability 
of alternative medication. We decided to perform desensitiza-
tion to allopurinol due to the non-severe nature of the previ-
ous reaction and the non available alternative (17), a previously 
published protocol (18) proved unsuccessful for this patient, 
due to continue flares of maculopapular rash. In 37/53 (70%) 
reactions the patients were allowed to continue the offending 
medication as inpatient, and in 16/53 (30%) of cases the pa-
tients were deemed as allergic to the offending drug. Among 
this 16 reactions, in 13 (81%) a suitable alternative was found 
after cooperation between drug allergy unit and the refereeing 
consultant, and in 2 (12%) cases who reacted to RCM, either 
desensitization or increased premedication was recommended 
for a safe administration of the drug on future exposures. This 
data supports the potential benefit of increasing the number of 
referrals to drug allergy units.
The increased referrals for antituberculosis drugs may be ex-
plained by close collaboration with and physical proximity to 
the pulmonary department (table 3). We also observed an in-
creased number of consultations from hospitals located in our 

media were lost to follow-up. Among the forty-two patients who 
completed allergy evaluations, ten were confirmed to have drug al-
lergies after full allergy evaluations and diagnostic workups, where-
as six patients (two to carbamazepine and one each to beta-lactams, 
antituberculosis drugs, radiocontrast media and hydrocortisone) 
were deemed positive from clinical history alone. The remaining 
twenty-six patients were negative for drug allergy after full eval-
uations. Consultation for two different drugs in a single patient 
was presented, once for beta-lactams and quinolones and once for 
aminoglycosides and quinolones.  A total of five patients presented 
with anaphylactic reactions, including two patients with reactions 
to neuroblocking agents, one with a reaction to RCM, one with a 
reaction attributed to Vitamin D and one attributed to carbamaz-
epine. A total of 16/53 (30%) reactions were deemed positive for 
drug allergy evaluation and they are summarized in table 1.
There were increased numbers of referrals from the pulmonary 
department and Sabah Hospital, located in close proximity to 
Al-Rashed Allergy Center (table 2). In the Sabah area, we found 
an average of 161,949 admissions per year for 3932 beds in gen-
eral hospitals and 56,009 admissions per year for 2653 beds in 
specialty hospitals. Given an average of 17 patients referred per 
year during our study period, the estimated incidence of drug 
allergy among inpatient referrals based on 2011-2013 total hos-
pital admissions is hence reported as 0.008% (tables 2 and 3).

Discussion

The pattern of inpatient referrals has significant variability 
among different studies, with beta-lactams as the most fre-

Table 2 - Number of inpatient admissions and consultations among different specialty hospitals in Kuwait.

Specialty  
Hospital

Admissions per year1 Referrals  
(3 years)

Referrals per 100 
admissions / year

2011 (1) 2012 (2) 2013 (3) Mean

Allergy Center 538 320 335 398 7 0.396

Chest Diseases 7520 7733 7723 7659 7 0.030

Neurology 12118 12087 12267 12157 4 0.011

Kuwait Cancer Center 3339 3506 3423 3423 2 0.020

Psychiatry 3936 3748 3525 3736 2 0.018

Orthopaedics/Trauma 5606 5531 5642 5593 2 0.012

Other Specialized2 23144 22921 23065 23043 0 0.000

Total 56201 55846 55980 56009 24 0.014
1Data from 2011-13 
2Infectious Diseases, Maternity and Rehabilitation
1. Department of health information and medical reports Moh, State of Kuwait. Health, Kuwait 2011. Kuwait2011.
2. Department of health information and medical reports Moh, State of Kuwait. Title: Health, Kuwait 2012. Kuwait2012.
3. Department of health information and medical reports Moh, State of Kuwait: Health, Kuwait 2013; 2013.
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incidence of drug allergic reactions among inpatients was calcu-
lated as 0.42% to 0.87% (3-5), with referral rates of 0.078% to 
0.231% (3,4). However, despite the fact that the number of unre-
ported drug allergic reactions among inpatients has not been ex-
amined in our study population, we suppose that this population 
has a low number of referrals compared with the real incidence 
of allergic reactions among inpatients, based on previous studies 
from other countries (3-5). Anaphylactic reactions to drugs are 
reported to be as high as 1.5 per 5000 patients (19), and they 
should be referred to the allergy department for further work-
up. The unexpected incidence of 1.66 referrals / year (0.76 per 
100,000 inpatients) for anaphylactic reactions, may be explained 
by underreporting rather than by a low incidence of anaphylactic 
reactions. Despite we do not have data to support our hypothesis, 
we are aware that it might be a bias towards consultation of severe 
reactions while treating doctors usually manage milder reactions 
by themselves, usually simply avoiding the offending medication 
and using second-line therapies, even if they are less effective. In 
light of these data, we suppose that drug allergies among inpa-
tients are underreported in Kuwait.
Drug desensitization allows the re-introduction of first-line 
medications in allergic patients. There were only six referrals 
for desensitization during the period of this study, and none 
of them were for chemotherapeutics, antibiotics or monoclonal 
antibodies. This was an interesting and rather unexpected find-
ing, particularly given the wealth of evidence supporting good 
safety and efficacy profiles (20,21). 
The field of drug allergies relies almost entirely on referrals from 
physicians from other specialties and general practitioners. Pa-

medical area (Sabah), as well as a decreased number of consul-
tations from distant areas (table 1). Interestingly, five out of six 
salicylate referrals occurred in the final year of the study, and all 
were requests for aspirin challenge / desensitization by cardiolo-
gy intensive care units prior to percutaneous intervention. This 
emphasizes the importance of other departments having knowl-
edge of the services offered by drug allergy units.
In an 18-month-long study in the USA (4) with 36,653 hos-
pitalizations, a 2% incidence of ADR was observed, and anti-
histamines were administered to 32.7% of this group, with an 
incidence of 0.65% of suspected allergic reactions per hospital-
ization. Interestingly, only 12.6% of ADRs were reported by a 
staff physician, and the remaining were obtained via an electron-
ic review of records. In a 2-year study in Singapore (3) covering 
90,910 hospitalizations, a 0.42% estimated incidence of drug 
allergy was calculated after a random review of electronic re-
cords, with only a 0.23% incidence of reported drug allergy. In a 
study in Korea (5) with 55,432 admissions, a mandatory system 
of reporting drug hypersensitivity was introduced, and a 4.84% 
incidence of ADR was found, with only 18% identified as drug 
hypersensitivity reactions after allergist review, compared with 
a 0.5% incidence of ADR reported prior to the mandatory re-
porting system. Consultations for allergy and immunology were 
studied by Otto et al. (2) in a centre with 218 beds and 15,000 
admissions / year, and they noted approximately 15.5 consulta-
tions / year for ADRs. 
In this study, we calculated the incidence of drug allergy referrals 
as 0.008% among inpatients. This is a significantly lower estimate 
than those of previous studies in different countries, in which the 

Table 3 - Number of inpatient admissions and consultations among different General hospitals in Kuwait.

General 
Hospitals

Admissions
Referrals
(3 years)

Average referral  
per 100 admission

In 1 year

Distance 
(Km)2

2011 (1) 2012 (2) 2013 (3) Average

Amiri 16537 16406 16859 16601 121 0.024 12

Sabah 18619 16179 16565 17121 8 0.016 -

Mubarak 20243 20681 21148 20691 3 0.005 15

Adan 35129 37113 39020 37087 3 0.003 37

Farwaniya 34587 34439 35921 34982 1 0.001 15

Jahra 35342 35409 35650 35467 0 0.000 27

Total 160457 160227 165163 161949 27 0.006 -
19 in 2013
2Distances from different hospitals in Kuwait to Sabah area (Al-Rashed allergy center).
1. Department of health information and medical reports Moh, State of Kuwait. Health Kuwait 2011; 2011.
2. Department of health information and medical reports Moh, State of Kuwait. Health Kuwait 2012; 2012.
3. Department of health information and medical reports Moh, State of Kuwait: Health, Kuwait 2013; 2013.
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tients “labelled” as allergic to beta-lactams are more likely to 
be treated with broad-spectrum antibiotics, such as vancomycin 
or quinolones, leading to increased costs, antibiotic resistance, 
inpatient admission length-of-stay and overall mortality (22).
Our study has a number of limitations. The low number of 
referrals may be due to the recent establishment of the drug 
allergy unit in December 2009 and a lack of knowledge among 
physicians regarding its existence, as proven by the low number 
of referrals from distant governorates. A systematic review of 
files would have revealed the frequency of underreported drug 
allergy reactions in our study populations, but the lack of elec-
tronic records makes this task impossible for our staff. 
In conclusion, this is the first study showing highly underreport-
ed number of referrals for inpatient drug allergy in a Gulf-area 
country, with a total of 0.008% compared to 0.42% to 0.87% 
in other studies, and these differences are increased among 
hospitals distant to our center. We are working to increase the 
awareness of allergy evaluations of ADRs to assist with provid-
ing better health services that meet the standard of care.
All authors contributed equally in the idea, design, data col-
lection and analysis. All authors edited and approved the final 
version of the manuscript.
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Summary
We report the case of a 36-year-old male pharmaceutical laboratory worker. On handling 
Spagulax® sachets whose content is a laxative called Plantago ovata, he immediately presented 
rhinoconjunctivitis. Methods. Specific allergy study included SDS-PAGE with Western Blot 
and specific nasal challenge to Plantago ovata extract. Results. Prick by prick for Spagulax® 
was negative. Total IgE: 126.5 U/mL. Western Blot recognized two proteins of 15 and 20 
kDa in the extract of Plantago ovata and three proteins of 15, 18 and 50 kDa in the extract 
of Plantago lanceolata. Conclusions. We present a case of occupational allergy due to inha-
lation of and/or contact with Plantago ovata seeds.
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Occupational allergy to Spagulax®  
(Plantago ovata seed)

Introduction

Plantago ovata is a herb whose small brown seeds look like fleas, 
hence its name in Greek, psyllium. The shells are pulverized and 
the resulting powder is known as ispaghula. This dust disperses very 
easily through the air when handled, and is a powerful occupational 
allergen (1). Psyllium seeds contain a large amount of mucilage, that 
expands when it comes into contact with water and becomes very 
gelatinous, which is why they are used as a volume laxative (2).
Since Ascher (3) described the first case of Plantago ovata seed 
allergy in 1941, multiple occupational allergic reactions (rhini-
tis and asthma), and anaphylaxis have been reported (1,4). In 
workers in the pharmaceutical industry, the prevalence of asth-
ma is around 3.6% and sensitization to Plantago ovata seeds is 
27.9%, based on prick tests and determination of specific IgE 
(5). In most individuals, sensitization occurred due to inhala-
tion of the powder of Plantago ovata seeds in the workplace (5). 

Sensitization may be asymptomatic or may trigger reactions 
ranging from rhinitis or asthma to anaphylaxis (6).
Plantago lanceolata is a known aeroallergen in our country that 
usually produces seasonal rhinoconjunctivitis mediated by IgE 
(7). Despite the phylogenetic relationship between Plantago 
ovata and Plantago lanceolata, most studies suggest a lack of 
cross-reactivity between them (8,9).

Case report

We report the case of a 36-year-old male pharmaceutical lab-
oratory worker since 2013, who was responsible for handling 
Spagulax® sachets, whose content is a laxative called Plantago 
ovata to market in France. On march 2016, he referred rhino-
conjunctivitis that started thirty minutes later on sealing those 
sachets of Spagulax®, and improved after administration of a 20 
mg oral ebastine tablet. He performed this task for hours only 
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Specific nasal challenge

Specific nasal challenge was performed with Plantago ovata extract 
controlled by an acoustic rhinometer (Rhinometrics SRE 2000) 
following Rhinoconjunctivitis Committee of the Spanish Soci-
ety of Allergy and Clinical Immunology recommendation (11). 
The extract was supplied by Diater laboratories and prepared at 
two concentrations: 0.107 mg/mL and 1.07 mg/mL. The test was 
completed by observing a positive response: reduction of nasal 
volume of between 2 and 6 from the nasal orifice ≥ 20%.

Results

Inhalant skin tests were only positive for house dust mites. Skin 
test and specific IgE with Plantago lanceolata pollen were nega-
tive. Food battery tests were positive for nuts (hazelnut, almond 
and peanut), peach and cereal (rice and corn). Panallergens such 
as LTP, profilin or polcalcin were negative. Prick by prick to 
Spagulax® was negative.
Total IgE was 126.5 U/mL and specific IgE to corn: 0.86; rice: 
0.23; almond: 0.77; hazelnut: 0.22; peanut: 0.33 and peach: 
5.31 kU/L.
Western Blot showed two proteins of 15 and 20 kDa in the 
Plantago ovata extract and three proteins of 15, 18 and 50 kDa 
in the Plantago lanceolata extract, one of which was compatible 
in molecular weight with Pla a 1 (18 kDA), corresponding to 
the major allergen (figure 1). 
Nasal challenge with the Plantago ovata extract was positive with 
a minimum cross area (MCA) and nasal cavity volume 2 cm 

three or four times a year. Personal history of atopy: allergic to 
nuts, corn and peach in the form of acute urticaria. He did not 
refer rhinoconjunctivitis out of his place of work.

Materials and methods

Prick tests were performed based on the predominant aeroal-
lergen batteries in our area and on foods with commercial ex-
tracts (Bial Aristegui company, Bilbao, Spain). Total IgE and 
IgE specific to positive allergens in the skin test were determined 
by ImmunoCAP (Thermo Fisher Scientific, Phadia, USA). Hy-
drochloride histamine 10 mg/mL and 0.9% saline were used as 
positive and negative controls, respectively.
Prick by prick was performed using the Spagulax® sachet pro-
vided by the patient.

Allergenic extracts

Proteins were obtained from Plantago ovata and Plantago lan-
ceolata as follows. Plantago ovata seeds (Natupur, Spain) and 
Plantago lanceolata pollen (Pharmalerga, Czech Republic) were 
weighed, crushed and suspended at 0.25 g/mL in phosphate 
buffered saline (PBS) [1.37 mM NaCl, 14.7 mM KH

2
PO

4
, 

78.1 mM Na
2
HPO

4
, 26.8 mM KCl], pH 7.4. The homogenate 

was magnetically stirred for 30 min at 5 ± 3ºC. The sample 
was sieved to remove the residues of seeds and the extract was 
centrifuged at 10,000 g for 15 min at 5 ± 3ºC. The extract was 
obtained by filtering the soluble fraction through an AP type 
20 glass fibre filter (Merck-Millipore™, Darmstadt, Germany), 
comprising a glass fibre profiler and a 0.8 mm membrane (AP 
membrane 2009000, Merck-Millipore™, Darmstadt, Germa-
ny), and dialyzed against de-ionized water with membranes 
with a molecular cut-off of 3500 Da (Visking, Iberlabo) for 16 
h at 5 ± 3ºC and then stabilized by freeze drying.

SDS PAGE/IgE Western blot

Proteins from Plantago ovata and Plantago lanceolata were an-
alysed by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE), according to Laemmli (10) in 15% 
polyacrylamide gels under reducing conditions. Proteins were 
visualised by Coomassie Brilliant Blue R-250 staining and elec-
trophoretically transferred to polyvinylidene difluoride (PVDF, 
Trans-blot turboTM. BIORAD, Hercules, CA, USA). Binding of 
IgE antibody to allergens was analysed by Western Blot using 
the patient’s serum and anti-human IgE peroxidase conjugate 
(Southern Biotech, Birmingham, USA). Chemiluminescence 
detection reagents (Western Lightning® Plus-ECL. Perkin El-
mer. Waltham, MA, USA) were added following the manufac-
turer’s instructions. IgE binding bands were identified using the 
BioRad Diversity database program.

Figure 1 - SDS PAGE and Western blot for specific immunoglob-
ulin E of an extract from a laxative containing Plantago ovata seed 
and Plantago lanceolata.
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to 6 cm from the nostril = -49% being observed 30 minutes 
after the last concentration administered (1.07 mg/mL). The 
symptom score (11) was ≤ 3 points in all tested categories (rhi-
norrhea, nasal obstruction, nasal itch and sneezing).

Discussion

Plantago ovata is a herb whose seeds are called psyllium. The shells 
are pulverized and the resulting powder is known as ispaghula. 
This dust disperses very easily upon handling and is known to 
be a potent occupational allergen, that can produce immediate 
hypersensitivity in exposed workers, especially healthcare workers 
who dispense it to patients, and workers in the pharmaceutical 
industries that process the seeds (5,12). Inhalation appears to be 
the most frequent route of sensitization, but there are also report-
ed cases of anaphylaxis after oral consumption of the laxative or 
some cereals containing it (2). Our patient developed IgE-medi-
ated rhinoconjunctivitis by inhaling and/or manipulating Planta-
go ovata while packaging it for sale. The frequency of sensitization 
is high in exposed individuals: 32% of pharmaceutical industry 
workers have skin tests and/or specific IgE positive for psyllium 
(5). However, the prevalence of occupational asthma in exposed 
workers is around 3.6-4%, indicating that not all exposed indi-
viduals develop the disease; therefore, specific challenge tests are 
necessary to confirm the diagnosis (5,13). 
In our patient, skin tests were negative but the specific nasal chal-
lenge was positive, and therefore we confirmed the initial suspi-
cion of occupational rhinoconjunctivitis due to Plantago ovata.
Analysis of Plantago ovata by immunoblotting showed bands 
of 15 and 20 kDa, values similar to those reported in previous 
studies (allergenic proteins oscillate between 10 and 66 kDa) 
(2,14). To date, no specific immunoblot pattern associated with 
respiratory or systemic symptoms has been found (15). 
Most reports indicate no cross reactivity between Plantago ovata 
and Plantago lanceolata, although Bernedo et al. reported the 
opposite (15). In our case, the patient did not present rhinocon-
junctivitis symptoms outside the work place and tests did not 
demonstrate cross reactivity with Plantago lanceolata. Therefore, 
further studies are warranted.

Conclusions

In conclusion, we report a case of occupational allergy due to 
inhalation of Spagulax® powder formulated with Plantago ova-
ta seeds. Western Blot recognized two proteins with molecular 
weights of 15 and 20 kDa for Plantago ovata and three proteins 
of 15, 18 and 50 KDa for Plantago lanceolata.
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Summary
Omalizumab (anti-IgE) is used as add-on therapy for antihistamine refractory chronic urti-
caria patients. The most commonly reported adverse effects were headache, arthralgia, upper 
respiratory infections, fatigue, nausea and injection-site reactions. However, lately a few cases 
of hair loss have been reported. We describe a case of transient hair loss in a young female 
patient after initiating treatment with omalizumab. Despite this side effect, the patient con-
tinued with omalizumab treatment for 10 months with good effect.
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Transient hair loss in patients with chronic 
spontaneous urticaria treated with omalizumab

Dear Editor, 
We read with interest the recent case report by Konstantinou 
et al. (1) published in your journal about the use of omalizum-
ab in three female patients with chronic spontaneous urticar-
ia (CSU) who reported transient hair loss. In the case report 
by Konstantinou et al. (1) all three patients had previously 
been treated with non-sedating antihistamines, ranitidine and 
montelukast without any symptom relief. Furthermore, all of 
the patients were also treated with at least one short course of 
prednisolone due to severe angioedema and pruritus in the last 
four weeks before initiating treatment with omalizumab. Two 
of the female patients had no other known significant illnesses, 
whereas one of the patients was known with Hashimoto’s thy-
roiditis since the past 12 months. All three patients reported 
transient hair loss after initiating treatment with omalizumab, 
however only one of the patients (with Hashimoto’s thyroid-
itis) had visible alopecia areata. None of the patients discon-
tinued their treatment. 

Transient hair loss is not a commonly reported side effect of 
omalizumab. In the following we describe a similar case of a 
female patient from our dermatology department, who was 
treated with omalizumab and also experienced transient hair 
loss. The patient was a 27-year-old woman with a three week 
history of urticaria who was referred to our department in June 
2015. At the time of the referral, she had abdominal pain and 
she reported a recent urinary tract infection, eye infection and 
orolabial herpes infection. Urine and routine blood tests were 
normal aside from CRP, which was elevated to 53 mg/l (nor-
mal < 10mg/l). The patient suffered from diffuse urticaria and 
swelling, primarily of her palms, soles and around her eyes. 
She was treated with non-sedating antihistamines four times 
daily as well as 50 mg prednisolone daily for three days with 
some symptomatic relief. However, a few days later her symp-
toms worsened and she was re-hospitalized. Routine blood tests 
showed elevation of CRP to 33 mg/l and leukocytes to 10.7 x 
109/l (normal 3.5-8.8 x 109/l). Chest X-ray, throat culture and 
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ation with omalizumab is uncertain, as the patient described 
by Konstantinou et al. (1) with visible alopecia areata also had 
Hashimoto’s thyroiditis, which is commonly associated with 
hair loss (3). Likewise, the hair loss in our case could have been 
caused by urticaria itself or the infectious diseases prior to urti-
caria. Also, our patient, and the cases described by Konstantinou 
et al. (1) were all treated with prednisolone, which has also been 
associated with hair loss. Furthermore, it is worth noting that 
hair loss is not a reported adverse effect in clinical phase trials of 
CSU and omalizumab. The most commonly reported adverse 
effects were headache, arthralgia, upper respiratory infections, 
fatigue, nausea and injection-site reactions (4-6). We conclude 
that hair loss may have multiple causes and that these must be 
accommodated in the explanation of the possible association 
between omalizumab use and hair loss in patients with urticaria.
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urine sample and an abdominal ultrasound were all normal. A 
skin biopsy was also performed and it confirmed urticaria his-
tologically with eosinophil as well as neutrophil infiltrates. The 
patient was treated with non-sedating antihistamines (fexofen-
adine 180 mg) four times daily and 50 mg prednisolone daily 
without relief. Montelukast 10 mg was added without any im-
provement. After three days with continuous aggravation of her 
urticaria rashes, omalizumab 300 mg was initiated with fast re-
duction in symptoms and she was discharged the following day. 
Prednisolone was tapered to 5 mg daily and due to recurrence 
of urticaria symptoms and development of concomitant joint 
pain and flu-like symptoms dapsone 100 mg daily was added 
and omalizumab was increased to 300 mg every second week, 
whereas antihistamines, montelukast and prednisolone were dis-
continued. After two weeks the patient was symptom free and 
she discontinued dapsone, whereas omalizumab was decreased 
to 300 mg every fourth week. After three months of treatment, 
the patient reported shedding about 1/3 of her scalp hair. There 
was no visible alopecia areata. The patient continued with omal-
izumab treatment and scored zero on the urticaria activity score 
in the past week (UAS7). After two months, the patient report-
ed regrowth of her hair. The patient was completely symptom 
free; therefore the dosing interval of omalizumab was prolonged 
from four weeks to five weeks and then to six weeks. The patient 
discontinued treatment with omalizumab after 10 months as 
she was completely asymptomatic (UAS7 = 0). However, the 
patient experienced flare up shortly after and was retreated with 
300 mg omalizumab every sixth weeks. Interestingly, the patient 
experienced no hair loss during this round of treatment or any 
other adverse effects. 
We agree with Konstantinou et al. (1) that hair loss could be 
a transient side effect of omalizumab seen among some CSU 
patients. Particularly, since mast cells have been shown to be 
involved in the hair cycle (2), manipulation of mast cell activity 
could be speculated to account for this. However, the associ-
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Omalizumab is a humanized anti-IgE monoclonal antibody cur-
rently approved by the Food and Drug Administration (FDA) for 
the treatment of moderate to severe allergic asthma and chronic 
spontaneous urticaria (CSU) not responding to standard antihis-
tamine treatment. Off-label uses of omalizumab include an ex-
panding list of various allergic and autoimmune conditions, while 
its exact mechanism of action, as well as its potential synergies 
or interactions with other drugs, remain relatively unknown (1). 
To the best of our knowledge, there are no previous reports sup-
porting the efficacy and safety of omalizumab when adminis-
tered concurrently with other immunomodulatory agents. We 
herein present the clinical presentation, course and outcome of 
a patient with relapsing-remitting multiple sclerosis (RRMS), 
under immunomodulatory therapy, who was successfully treat-
ed with omalizumab for refractory CSU.

A 53-year old female, with a 7-year history of RRMS - treated 
with interferon beta-1a, azathioprine and gabapentin - present-
ed to the Allergy Department of Sotiria Athens General Hos-
pital, with widespread urticaria and angioedema lasting for 12 
weeks. Her remaining medical history was remarkable for es-
sential hypertension, treated with amlodipine / valsartan. Two 
weeks after appearance of urticaria, all drugs for MS and hy-
pertension were discontinued, with no resolution of symptoms, 
and reinstated approximately four weeks later, again with no 
symptomatic change. Following administration of first-line an-
tihistamine monotherapy (levocetirizine, 10 mg once daily) and 
repeated courses of corticosteroids (oral methylprednisolone, 64 
mg/day and 6 intramuscular injections of hydrocortisone, 250 
mg/injection), no significant symptomatic improvement was 
noted and the patient was referred by her primary care phy-
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Summary 
Data derived from previous clinical trials and real-life studies have shown that omalizumab 
may represent an effective third-line treatment option for patients with chronic spontaneous 
urticaria (CSU) refractory to standard antihistamine treatment. Nevertheless, the safety and 
efficacy of omalizumab treatment for CSU, when administered concurrently with other im-
munomodulatory agents remains largely unknown. We herein present the case of a female 
patient with relapsing-remitting multiple sclerosis (RRMS), under treatment with interferon 
beta-1a, azathioprine and gabapentin, who was successfully treated with omalizumab for 
refractory CSU. To the best of our knowledge, this is the first reported case attesting to the 
safety and efficacy of omalizumab for CSU when administered concurrently with other im-
munomodulatory agents. 
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immune system response (7). Various immunomodulatory and 
immunosuppressive agents are now available for RRMS, includ-
ing, among others, injectable drugs with well-established safety 
and efficacy, such as interferon beta-1a, azathioprine and glati-
ramer acetate, as well as new therapies such as fingolimod, the 
first oral drug approved for the treatment of MS, or monoclonal 
antibodies, such as natalizumab, carrying the potential of higher 
efficacy but, also, an increased risk of serious complications (7). 
Our reported case attests to the short-term efficacy and safety 
of omalizumab treatment for CSU when administered concur-
rently with interferon beta-1a and/or azathioprine. Additional 
post-marketing safety data regarding concomitant use of omal-
izumab with other immunomodulatory agents are warranted. 

Summary statement 

The safety and efficacy of omalizumab treatment for refractory 
CSU in patients receiving other immumodulatory agents has 
not been previously evaluated. We herein report the case of a pa-
tient with refractory CSU successfully treated with omalizumab, 
while receiving concurrent immunomodulatory treatment for 
RRMS. 
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sician to an allergy clinic for further diagnostic evaluation and 
therapeutic management. 
At the time of the patient’s presentation to our department a 
comprehensive investigation for potential underlying causes 
of chronic urticaria was initiated. More specifically, a detailed 
clinical history, physical examination, chest X-ray and thorough 
laboratory testing, including complete blood count with differ-
ential, complete biochemical profile, erythrocyte sedimentation 
rate, C-reactive protein and thyroid-stimulating hormone levels 
(TSH), failed to reveal any clinically relevant findings; serolog-
ical tests for hepatitis B surface antigen (HBsAg), human im-
munodeficiency virus (HIV), thyroid autoantibodies (anti-thy-
roid peroxidase and anti-thyroglobulin antibodies), antinuclear 
antibodies (ANA), anti-double stranded DNA (anti-dsDNA) 
antibodies and rheumatoid factor, were all negative. Serum im-
munoglobulins (IgG, IgA, IgM and IgE), complement C3 and 
C4 and rheumatoid factor levels were all within normal limits. 
Autologous serum skin test (ASST) was also performed, with 
negative results. Treatment was modified with switch from levo-
cetirizin to cetirizine (20 mg x 4 daily), and subsequent addition 
of montelukast (10 mg once daily) and ranitidine (150 mg twice 
daily), with no significant improvement. An additional 9-day 
course of methylprednisolone (total dose of 188 mg) also failed 
to significantly improve symptoms. The patient was thereafter 
placed on omalizumab treatment (300 mg by subcutaneous in-
jection every 4 weeks), with complete remission of symptoms 
within 2 days following administration of the first dose. At the 
time of her latest follow up visit, six months after initiation of 
omalizumab treatment, no recurrence of urticaria/angioedema, 
significant toxicity or alteration of her neurological status, as 
further confirmed by her attending neurologist, were noted. 
CSU, otherwise known as chronic idiopathic urticaria (CIU), 
is a condition characterized by spontaneous appearance of itchy 
wheals (hives), angioedema, or both, that recur for a period lon-
ger than 6 weeks and have no identifiable external trigger (2,3). 
Data derived from phase III clinical trials have demonstrated 
that omalizumab may represent a safe and effective third-line 
treatment option in CSU (4-6). Nevertheless, the short- and 
long-term safety and efficacy of this drug in CSU patients with 
comorbidities treated with other biologic response modifiers re-
mains essentially unexplored. 
Multiple sclerosis (MS) is a chronic inflammatory demyelinat-
ing disease of the central nervous disease, with RRMS as its most 
common form. Treatment for RRMS is primarily aimed at reduc-
ing the frequency of relapses by suppressing or modulating the 
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