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Abstract. The Solanaceae family, including, among other,
eggplants, represents the sixth most widely cultivated crops
around the globe. We review the current data regarding
allergies to Solanum melongena (eggplants), generating symp-
toms that range from gastrointestinal to respiratory allergic
reactions. Currently, there are more than 4 mechanisms and
molecules presumably involved in triggering allergic reac-
tions to Solanum melongena: The lipid transfer protein (LTP)
pathway, the profilin pathway, polyphenol oxidase (PPO)
mechanism and other molecules. Allergies may be triggered
both by pollen respiratory reactions and fruit intake. There
is also an important cross-reactivity mechanism revealed
by recent studies. Our literature review revealed many case
series studies, some with in-depth molecular analysis of the
triggering mechanism. However, wide population studies are
still scarce. Current geographical distribution of the crops
and population migrations should enhance the awareness of
allergy and immunology specialists, ENT specialists, emer-
gency physicians and pediatricians to the need for proper
routine laboratory testing for possible Solanum allergy.
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1. Introduction

The Solanaceae family represents a large group of plants
with more than 3,000 species. They are adapted to various
types of geographical conditions from all continents except
for Antarctica. The most important representatives include
eggplants (Solanum melongena), tomatoes (S. lycopersicum),
potatoes (S. ruberosum), tobacco (Nicotiana tabacum) and
petunias (Petuniainflata) (1). Asian eggplants (S.melongenalL.)
are one of the most important vegetables in the world, ranking
at the sixth place of the most cultivated crops around the
globe after tomatoes (Solanum lycopersicum L.), water-
melons (Citrullus lanatus), onions (Allium cepa L.), cabbage
(Brassica oleracea L.) and cucumbers (Cucumis sativus L) (2).
Eggplants are produced mainly in Southeast Asian, African,
and Mediterranean areas, especially in China and India
(90% percent of the total production). Indonesia, Turkey, Egypt,
the Philippines, and Iran are second-line producers, covering
1% of the world's total production (1,3). Approximately
54 million tons were produced in 2018 according to FAOSTAT
(Food and Agriculture Organization of the United Nations) (3).
From a medical point of view, eggplants are considered to
present antioxidant capacity, due their high content of pheno-
lics and flavonoids (2).

For this review, PubMed was queried using the key words
‘eggplant’ and ‘allergy’ and the search was limited to free full
text available articles. All 25 articles identified were included in
this review and other specific aspects were clarified using also
free full text sources on PubMed or established internet refer-
ence websites. Applying other inclusion criteria or diminishing
the time frame would have limited the scope of this review. The
present review is one of the first attempts to cover all possible
immunology mechanism associated with eggplant allergy.

During the last two decades, several studies, including
small series of patients and case reports, have presented
various aspects concerning the allergy to eggplants. Food
allergies were the most frequent reactions to this vegetable,
followed by respiratory reactions to pollen.

2. Lipid transfer protein mechanism

Lipidtransfer protein (LTP) is a well-known stable cross-reacting
plant food pan-allergen. LTP syndrome results from a primary
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sensitization to LTPs, inducing frequent systemic reactions
and even anaphylaxis (4). LTPs are small and stable proteins,
resistant to heat and acid pH, with a rigid tertiary structure
formed by four disulphide bridges that carry lipids through the
cell walls. These proteins are most frequently present in the
surface tissues (peel) of fruits such as apples, peaches, apricots,
cherries, plums, pears, raspberries, strawberries, blackberries,
and other fruits (5). LTPs have also been described as aller-
gens in the pollens of mugwort (Art v 3), plane tree (Pla a 3),
olive (Ole e 7), pellitory (Par j 1-2), cypress and ragweed
(Amb a 6) (4,6). Patients with sensitization to non-specific
LTPs, mainly due to primary sensitization to peaches (Pru p 3
as the primary sensitizer), can develop cross-sensitization to
other fruits and vegetables containing LTPs (5), these findings
suggesting that primary sensitization to pollen LTPs may be a
cause for plant food LTP allergy by cross-reactivity. The clin-
ical presentation of the LTP syndrome (from local symptoms to
anaphylaxis) may be severe in some patients and reactions can
be induced by both fresh and processed foods. Peeled fruits are
better tolerated, because LTPs accumulate mostly at the surface
of the food (4). LTPs have been implicated in some cases of
eggplant allergy. Asero et al evaluated 49 patients monosensi-
tized to LTP and found 2 cases (4%) of allergy to eggplant (7).
Ethiopian eggplant (Solanum aethiopicum) represent a fruiting
plant of the Solanum genus, mainly found in Asia and Tropical
Africa, with cross-reactivity to eggplant. Sixty patients from
the Zurich area with pollen allergy (birch, grass and mugwort
sensitization) were exposed to three exotic vegetables (water
spinach, hyacinth bean, Ethiopian eggplant), unexperienced
before, in order to evaluate the presence of proteins related
to pan-allergens (Bet v 1 homologous proteins, profilins and
LTPs). The binding to LTPs of 8-10 kDa has been observed
in the extract of eggplant with anti-Pru p 3 and anti-Cor a 8.
These results were partially confirmed in some patients using
skin prick tests and open oral food challenges, with six of them
developing an oral allergy syndrome (OAS) under challenge (8).
Jain and Salunke isolated, purified, crystallized, and solved
the structure of first alike non-specific lipid transfer protein
(nsLTP), SM80.2, from eggplant. SM80.2 showed structural
similarity in overall structure with known nsLTP structure,
but variation in sequence, role and hydrophobic pocket (9).
Ukleja-Sokotowska er al described a case of threatening food
allergy to eggplant in a male patient known with a history of
allergic reactions to salad and chicken with spices. Skin prick
tests were positive for eggplant, both cooked and fresh, grass
pollen and cat dander. Positive results were obtained in the labo-
ratory for rPhl p 1,rCan f 5,Fel d 1 and LTPs-nJugr 3,rPrup 3,
rPla a 3 using Immunocap ISAC. Based on the clinical picture,
prick tests and laboratory analysis, the authors concluded that
the patient suffered from LTP syndrome (10).

3. Profilin pathway

Profilins are small ubiquitous proteins and cross-reacting plant
food pan-allergens. These allergens have been identified in
fruits such as apples, peaches, pears, and strawberries and in
vegetables such as celery and carrots (5). Sola m 1 is unique, as
it was found to contain a 28 amino acid long stretch (K41-A68).
The authors hypothesized that Sola m 1 may be a genuine
sensitizer for these patients and not just a cross-reactive protein.

rSola m 1 allergen was localized in the edible seeds of eggplant
using in situ immunolocalization studies. Sola m 1 was found
to share >80% sequence identity with Bet v 2 in IgE-inhibition
assay. IgE-cross reactivity was also observed between rSola m 1
and profilins from six other foods (11).

The same team of Jaind and Salunke isolated, purified and
crystallized SM80.1 from S. melongena using ammonium
sulphate fractionation and size-exclusion chromatography.
The protein of size 45 kDa showed homology to 7S allergenic
vicilins and it was purified from seeds of S. melongena. The
study identified an important homology of SM80.1 to an
allergy-related protein from S. lycopersicum, by performing a
BLAST search (12).

4. Other mechanisms

Three protein bands of relative molecular mass (Mr) of 71, 64,
and 60 kDa were detected in the sera of 3 allergic subjects.
All three patients presented signs and symptoms of allergy
after they ingested baked eggplant. The immunoblot analysis
was accustomed to show the presence of these three allergens
in eggplant; the 71-kDa allergen looked as if it would be heat
stable (13). Two case reports presented allergies to eggplant
in patients with latex allergy. Lee et al reported a patient with
latex allergy who experienced anaphylaxis after ingesting
boiled eggplant. Using SDS-PAGE and immunoblot analysis,
three IgE-binding proteins (1 protein with molecular mass
between 22 and 36 kDa, 1 protein near 36 kDa, and 1 protein
between 36 and 50 kDa) were identified in fresh and boiled
eggplant extract. One IgE-binding latex protein was detected
between 22 and 36 kDa with the identical mass, with the
one from the eggplant possibly a candidate allergen to prove
cross-reactivity (14). In another case report, Gamboa et al
described a patient with facial and hand angioedema, conjunc-
tivitis, generalized pruritus, and glottic difficulty to breath after
eating eggplant. The patient presented a history of latex-fruit
syndrome after presenting with rhinitis, skin, and pharyngeal
pruritus after eating chestnut (first episode) and anaphylaxis
after eating banana and subsequently, after minimum environ-
mental exposure to latex, asthma attack, rhinitis, conjunctivitis,
and urticaria (second episode). Fruit class I chitinases with an
N-terminal heveinlike domain and latex hevein (Hev b 6.02)
are identified in the literature as the main allergens liable for
cross-reactions. Hev b 6.02 (latex hevein) and Prs a 1 (avocado
class I chitinase) are utilized in in vitro and in vivo assays
as controls. Hev b 6.02 was found to produce positive skin
responses and showed high biological activity in histamine
release (HRT) and basophil activation test (BAT). Prs a 1
reached high values of basophil activation and over 10% of
histamine release (15). Pramod and Venkatesh described a case
of allergy caused by ingestion of eggplant in an atopic subject,
due to a low molecular weight non-protein secondary metabo-
lite of less than 1 kDa using size-exclusion chromatography of
the filtrate of eggplant extract on Sephadex G-25 followed by
skin prick test (SPT) of the fractions (16).

5. Importance of polyphenol oxidase

Polyphenol oxidase (PPO) is an extremely important eggplant
enzyme. PPOs are involved in plant defense almost like
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allergenic proteins of the PR family (chitinases, glucanases
and peroxidases). The analysis of tryptic peptides of eggplant
64 kDa protein bands showed significant similarity in peptide
matches to the eggplant PPO sequences available in the
database. Six cases of eggplant allergy were confirmed by posi-
tive SPT and the 64 kDa protein was confirmed as an allergen
(Sola m PPO4), based on the presence of specific bound copper,
detection by polyclonal sweet potato PPO antiserum and bioin-
formatic analysis including prediction of the IgE epitope (17).
Six eggplant-allergic subjects were assessed for sensitization to
eggplant (peel/pulp and raw/cooked) by SPT, allergen-specific
IgE, and immunoblots by Babu and Venkatesh in 2009. SPTs
with peel, pulp, raw and cooked eggplant extracts were positive
for all eggplant-sensitized subjects; allergen-specific IgE was
also positive to all components tested. Raw eggplant contains
5 allergens in the 36-71 kDa range, most allergens being local-
ized in the eggplant peel than the pulp; some seem to be heat
stable. Four of them were detected as glycoproteins and three
displayed retention of IgE-binding ability in simulated gastric
fluid digestion (18). The prevalence of IgE-mediated eggplant
allergy was estimated at 0.8%, with higher rates of sensitiza-
tion in females (19).

Apart from the cases of food allergy to eggplant, a case
report from 2002 described a 43-year-old male smoker from
Portugal with recent onset of rhinoconjunctivitis and a dry
cough when working in a greenhouse where eggplants were
cultivated. SPT and a conjunctival challenge test with a
saline extract from Solanum melongena flower petals and
pollen were positive. SPT with eggplant fruit was nega-
tive (20).

Given these complex molecular interactions, the clinical
presentation ranges from skin reactions to possible fatal respi-
ratory distress requiring admittance into the ENT department
or in severe cases, transfer to the intensive care unit (21,22).

Although the first suspicion of a possible allergic interac-
tion between eggplant and tobacco was mentioned almost
40 years ago, this domain of activity needs much more effort
from the scientific community (23).

Moreover, one of the first attempts to desensitize patients
allergic to eggplants dates back to 2001, through the use of a
water extract of Solanum melongena (SMWE) (24).

Dermatology is another specialty encountering severe
allergic response due to contact dermatitis to eggplant (25,26).

There are still debates regarding the exposure of the
pediatric population to eggplant; progressive exposure during
childhood seems to prevent extreme allergic response in
adolescence, which could lead to tracheostomy and other
complex procedures for securing the airways (27,28).

Clinical research is hindered by the inconsistency of the
prick tests for eggplant due to the amount of histamine present
in eggplant that does not produce a positive SPT response
in a majority of non-atopic subjects, and that a positive
response in a few subjects are likely to be misdiagnosed as
eggplant allergy (29). This research was conducted in India
and supposed populations with a genetic background from the
Indian peninsula, such as Roma communities, could exhibit
the same reaction (30).

Another possible aspect to be taken into consid-
eration is the bacterial wilt of Solanaceae caused by
Ralstonia solanacearum Race 1 Biovar 3, and the coexistence
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of this pathogen in the soil could be the actual immunological
trigger in workers harvesting eggplants (31).

At the forefront of the research in this type of allergy, there
is the transcriptome analysis of eggplant fruit performed to
map epitopes of monoclonal antibodies and polyclonal sera
from patients (32).

Previous research proposed the hypothesis that eggplant
allergens have a heat-stable nature, as IgE was reactive to both
raw and cooked eggplant extracts (33).

The number of cases with this type of allergic reaction
could possibly grow, as beer manufacturers increase the
biological value of the beverage by adding antioxidant-rich
eggplant (Solanum melongena L.) peel extract (34).

Unfortunately, recent cases present multiple complex aller-
gies and require sublingual immunotherapy as the last line of
treatment (35).

6. Conclusions

There are eight foods (cow's milk, eggs, tree nuts, peanuts,
shellfish, wheat, soy, and fish) that account for 90% of all food
allergies. Particular foods may be consumed preferentially in
some parts of the globe and, consequently, they may represent an
important cause of food allergy in these populations. Eggplant
is an example. A physician, especially an allergist, must pay
attention to all details when investigating a case of possible
food allergy in a patient when the classic allergens are ruled
out. This review underlines that there are at least four pathways
and molecules involved in producing Solanum melongena
allergy that require further investigations. This type of allergy
should draw the attention of medical practitioners, ranging
from immunologists to emergency specialists, ENT surgeons
or pediatricians.
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