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Citrus sinensis is a tree that belongs to the Rutaceae family; 
its fruit, the sweet orange, is widely consumed throughout 
Europe. Valencia, which is the largest producer of sweet 
oranges in Spain, is one of the most important orange-growing 
areas in the world. Spain alone produced 5.7 million tons of this 
fruit in 2011. Sweet orange is not considered to be a common 
allergenic fruit, although 3 allergens have been described 
to date: Cit s 1 (germin-like protein), Cit s 2 (profi lin), and             
Cit s 3 (nonspecfi c lipid transfer protein) [1,2]; this last allergen 
has been found to show cross-reactivity with the major peach 
allergen Pru p 3 [3]. However, no cases of allergy to orange 
soft drinks have been reported in the literature. 

We report the case of a 23-year-old woman who 
experienced an episode of anaphylaxis 10 minutes after 
handling sweet oranges in a fruit warehouse (an orange 
storage network), where she had been working for a month. 
Because of this episode, she left the job and some months later 
experienced contact urticaria when squeezing an orange; she 
also experienced oral allergy syndrome after drinking several 
orange soft drinks (Sunny Delight and TriNa orange) that she 
had previously tolerated.

Surprisingly, despite living in Valencia, she had not eaten 
sweet oranges for 15 fi fteen years as she did not like them. 
She denied having clinically allergic rhinitis or asthma and 
tolerated various types of fruits, including citric fruit such as 
lemon, which she tolerated in ice cream and juice form before 
and after the allergic episodes described above. 

Skin prick tests (SPTs) were negative for mites, fungi, and 
pollen (Parietaria judaica, Olea europaea, Gramineae family, 
Cupressus arizonica, Platanus acerifolia, and Artemisia 
vulgaris) and a prick test with profi lin from Gramineae pollen 
was also negative. Extracts from sweet orange pulp and peel 
were prepared as follows. The pulp and peel were ground into 
small pieces, defatted, and extracted by magnetic stirring in 
50 mM of phosphate-buffered saline (PBS) at pH 7.5 for 3 
hours at room temperature. The samples were centrifuged at 
5600×g for 30 minutes, and the supernatants dialyzed against 
water and freeze-dried. The orange soft drink extracts (Sunny 
Delight and TriNa) were prepared by dilution in phosphate 
buffer (1:2), followed by magnetic stirring for 15 minutes at 
room temperature, dialysis, and freeze-drying. Positive SPT 
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Figure. I) Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) immunoblotting results under reducing conditions. A: orange peel extract;  
B: orange pulp extract; C: Sunny Delight soft drink extract; D: TriNa soft drink extract;  E: KAS soft drink extract. Lane P: patient serum (dilution 1:1); lane C: 
control serum (pool of sera from nonatopic individuals); lane M: molecular mass markers. II) SDS-PAGE immunoblotting-inhibition results with Sunny Delight  
extract  in solid phase. Lane C: control serum (pool of sera from nonatopic individuals); lane 1: patient serum previously incubated with Sunny Delight extract; 
lane 2: patient serum previously incubated with orange pulp extract; lane 3: patient serum previously incubated with TriNa extract; lane 4: patient serum 
previously incubated with KAS extract; lane 5: patient serum previously incubated with lamb extract; lane M: molecular mass markers. 

results were obtained for the pulp extract (4 � 4 mm) and the peel 
extract (44 � 5 mm); the results for similar tests with lemon pulp 
and peel extracts (all at 10 mg/mL) were all negative. The SPTs 
with the soft drink extracts were negative but the corresponding 
intradermal tests were positive in both cases (>64 � 6 mm). 
Furthermore, 1 hour after the intradermal test with orange extract 
(pulp and peel), the patient developed facial edema, dyspnea, and 
wheezing that required urgent medical attention. 

Total serum immunoglobulin (Ig) E (UniCAP, Phadia) was 
6.7 IU/mL and serum specifi c IgE by means of an enzyme 
allergosorbent test against orange peel and pulp extracts was 
<0.35 kU/L (class 0).

Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) immunoblotting was performed with sweet 
orange pulp extract. IgE immunoblotting with the patient’s 
serum revealed IgE-binding bands of approximately 75 
kDa, 66 kDa, 57 kDa, 28 kDa, 22 kDa, and 18 kDa. The 
immunoblotting profi le of 3 orange soft drink extracts (Sunny 
Delight, TriNa, and KAS) showed a strong band of 28 kDa. 
SDS-PAGE immunoblotting-inhibition assays showed the 
capacity of the orange pulp extract to inhibit the IgE binding 
to the Sunny Delight extract; partial inhibition was observed 
with the extracts from the 3 orange refreshments (Figure). This 
difference in IgE binding–inhibition activity must be due to 
the higher concentration of Cit s 1 in the orange pulp sample 
than in the soft drink samples. 

The 28-kDa IgE binding protein was identified by 
MALDI-TOF (matrix-assisted laser desorption/ionization-
time-of-flight mass spectrometry) and LC-ESI-MS/MS 
(liquid chromatography electrospray ionization tandem mass 

spectrometry), and by searching the NCBI non-redundant 
protein sequence database using the Mascot program (http://
www.matrixscience.com), as previously described [4]. The 
resulting peptides analyzed by MS or MS/MS corresponded 
to Cit s 1.

To clarify the implication of this allergen, we suggested 
performing an oral provocation test with orange, but this was 
rejected by the patient due to the symptoms she had developed 
after the intradermal test. 

Ahrazem et al [3] showed a high frequency of Cit s 1 
sensitization in individuals who did not develop symptoms 
on consumping oranges; this was attributed to the monovalent 
nature of this protein based on its N-glycan epitope. For this 
reason, Cit s 1 has been labeled an “equivocal allergen” [5].

We have presented an interesting case of a nonatopic 
patient who showed clinically relevant monosensitized allergy 
to Cit s 1, a sweet orange allergen, which appeared as an active 
allergenic component in orange soft drinks. Our fi ndings are 
consistent with the IgE reactivity exhibited by Cit s 1 in heat-
processed orange juice described by Crespo et al [1]. 

To conclude, we believe that the clinical relevance of Cit 
s 1 should be studied more carefully, with an independent 
investigation of each case.
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Natural rubber latex (NRL) allergy is recognized as a major 
health problem. Around 12% of allergic reactions occurring during 
anesthesia are caused by latex [1], although the incidence of latex 
allergy seems to have decreased in recent years [2]. None of the 
available diagnostic tests has 100% sensitivity. 

We report the case of a 30-year-old woman who experienced 
anaphylactic shock during a myomectomy under general 
anesthesia (serum tryptase, 18.6 ng/mL at 1 hour after the 
reaction). The patient had a personal history of mild rhinitis and 
house dust mite sensitization, but neither drug-related nor food-
related allergic reactions had been reported. She worked as a dental 
assistant and had never experienced problems with NRL gloves 
or occupational respiratory symptoms.

In vivo study: The results of skin prick tests (SPT) and 
intradermal tests with the drugs used during anesthesia (propofol, 
fentanyl, midazolam, cisatracurium, and cefminox) were all 
negative. We performed an intramuscular challenge test with 
cefminox, although no allergic reaction was observed. SPT 
using commercial latex extract (100 IR/mL, Stallergènes) was 
not conclusive (wheal 3 � 3 mm without erythema). Therefore, 
to confi rm the suspected NRL allergy, we performed a prick-
by-prick test with a latex glove, a rubbing test, and a glove use 
test, although the results were negative in all cases. In order to 
rule out a possible lack of effi cacy of the fi rst commercial latex 
extract, SPT was repeated using another commercial extract with 
a known latex protein concentration of 0.5 mg/mL (ALK-Abelló). 
We tested several dilutions (1/100 weight/volume [w/v], 1/10 w/v, 
and 1/1 w/v), although only the undiluted SPT (0.5 mg/mL) was 
slightly positive, with a wheal of 4 � 4 mm (histamine, 9 � 8 mm). 
We mimicked mucosal allergen exposure by performing a nasal 
challenge test (NCT) with the NRL extract used in the second 
SPT. The challenge was performed according to guidelines [3] 
and monitored using acoustic rhinometry. Although SPT had 
only been positive at 1/1 w/v, NCT was performed at 2 different 
concentrations (0.5 mg/mL and 0.05 mg/mL). The result was 
positive (decrease of >25% in nasal volume between 0 and                 
7 cm) only at 0.5 mg/mL. No systemic reactions were observed. 
A healthy control was also tested after providing written informed 
consent, with negative results. A thorough investigation into food 
sensitization related to NRL allergy (banana, kiwi, avocado, and 
chestnut) was negative (both history and SPT). 

In vitro study: Specific immunoglobulin (Ig) E to NRL 


