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Abstract
Introduction: There is limited knowledge on the sensitiza-
tion patterns to peanut proteins and food allergy in the Mid-
dle East. The objective of this study is to analyze the relation-
ship between sensitization patterns to peanut proteins and 
clinical symptoms in a group of patients with physician-di-
agnosed peanut allergy (PA) in Kuwait. Methods: PA patients 
were evaluated by the skin prick test (SPT), serum total IgE, 
peanut-specific IgE (sIgE), and sIgE against Ara h 1–3, 8, and 
9, and clinical data were collected. Results: Sixty-nine pa-
tients were included. A positive correlation between peanut 
SPT and sIgE was detected for all 3 storage proteins (Ara h 
1–3) in patients <6 years old and for Ara h 1 and 2 in older 
patients. ROC analysis of positive correlations showed that 
oral food challenge should be considered for definite diag-
nosis of PA only if the level of Ara h 2 is <22.25 KUA/L, with 
level of Ara h 2 ≥15.4 allowing the detection of systemic re-
actions with a sensitivity of 55.56%. Patients presenting with 
systemic reactions more frequently had positive Ara h 1 
(88.9%) and Ara h 2 (83.3%), compared with 44.1% and 52.9% 

in those with local reaction (p = 0.0046 and p = 0.0378). The 
levels of Ara h 1 and 2 were also significantly higher in pa-
tients with systemic reactions compared to those with a local 
reaction, with those differences being especially relevant for 
Ara h 2 (15.9 vs. 0.4) (p = 0.0005). Conclusions: The pattern 
of sensitization to peanut proteins in the Middle East is sim-
ilar to that of the Western world. Measurement of sIgE anti-
bodies to Ara h 1, 2, and 3 is useful in the diagnosis of PA and 
in the investigation of reactions to raw and roasted peanuts.

© 2021 S. Karger AG, Basel

Introduction

Peanut allergy (PA) prevalence in the USA is increas-
ing over time [1]. Although lower prevalence has been 
reported in Asia [2], the adoption of a Westernized life 
style in Asian countries influences the reported increas-
ing trend [3, 4].

An accurate diagnosis is essential to provide appropri-
ate, potentially lifesaving, advice on how to prevent and 
manage allergic reactions and to prevent unnecessary di-

Edited: O. Palomares, Madrid.
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etary restrictions in peanut-tolerant subjects [5, 6]. Intro-
duction of testing individual peanut allergenic molecules 
[7] with component resolved diagnostic (CRD) is poten-
tially capable of differentiating between sensitization and 
clinical reactivity avoiding the need of oral food challenge 
(OFC) [8, 9] especially in patients without a clear clinical 
history of PA [8, 10]. Ara h 2 (2S albumin)-sIgE is an im-
munodominant peanut allergen [7] which shows the best 
diagnostic accuracy [11, 12]. On the other hand, sensitiza-
tion to nonspecific lipid-transfer protein in peanuts (nsLTP-
Ara 9, 16, and 17), birch pollen Bet v 1 homologs (Ara h 8), 
and profilins (Ara h 5) is caused by cross-reactions [13–15].

The pattern of allergenic component recognition var-
ies in peanut-sensitized patients from different geograph-
ical areas [16]. For instance, in the USA 56.7–90.0% of 
people were allergic to peanut storage proteins and fre-
quently experience severe symptoms; in South Europe, 
patients are often sensitized to Ara h 9, and PA follows 
other plant-derived food allergies [16]; and Swedish pa-
tients have relatively high IgE-positive responses to Ara h 
8, Bet v 1 homolog [17]. Measurement of IgE antibodies 
to rAra h 1, 2, and 3 has been proven useful in Asian coun-
tries like Japan [18], Singapore [19], Taiwan [19], and 
China [20].

Although in the Middle East consumption of roasted 
peanuts is common, the knowledge regarding PA is lim-
ited [21]. In the present study, we analyzed the relation-
ship between sensitization patterns to peanut proteins 
and clinical manifestation in a group of patients with phy-
sician-diagnosed PA.

Materials and Methods

This is a cross-sectional study of children and adults with phy-
sician-diagnosed PA who were referred to the allergy clinic at the 
Allergy Centre, Kuwait, from April 2018 to January 2019. These 
patients had a clear history of an acute allergic reaction immedi-
ately after ingestion of a food in which peanut protein was the only 
possible allergen. All patients with physician-diagnosed PA under-
went an allergic evaluation by completing a questionnaire and per-
forming further tests. All patients completed a questionnaire, part 
of a clinical practice protocol, which included the following: pa-
tient’s age at first occurrence of clinical manifestation, clinical 
symptoms, type of reaction, presence of other food allergy, and 
presence of other atopic diseases. The following tests were mea-
sured for all participants: peanut skin prick test (pSPT) (Diater, 
Leganés, Spain), serum total IgE, peanut-specific IgE (psIgE), sIgE 
to local pollens, and specific IgE directed against peanut protein 
components (Ara h 1–3, 8, and 9) by the ImmunoCap system 
(Phadia, Upsala, Sweden).

At least 7 days before SPT, all patients refrained from antihis-
tamine drugs. SPT was performed by single head prick lancets on 

the volar aspect of the forearm, 2–3 cm from the wrist and the an-
tecubital fossae. Histamine (10 mg/mL) and saline were used as 
positive and negative controls, respectively. Results were read 15–
20 min following allergen extract application. A positive SPT to 
peanut allergen or inhalants was considered if the mean wheal di-
ameter of SPT is ≥3 mm.

Serum total IgE, psIgE, and sIgE to local pollens were done on 
the same day of performing SPT. A cutoff level of psIgE and sIgE 
to local pollens ≥0.35 KUA/L was considered positive. A specific 
IgE directed against peanut protein components (Ara h 1–3, 8, and 
9: with a lower limit of 0.35 KUA/L and an upper detection limit 
of 100 KUA/L) according to the manufacturer’s proposed instruc-
tions was done in all patients.

Patients were divided into 2 groups, according to the age of the 
first known occurrence of clinical reaction after apparent peanut 
consumption: ≤6 years old (younger group) or >6 years including 
adults (older group). The frequency of positivity and the level of 
peanut protein components in relation to clinical manifestation 
were analyzed, as well as cutoffs for the most common peanut pro-
teins which can predict PA and severity of the reaction. Clinical 
symptoms were categorized as a local reaction if symptoms affect-
ed 1 organ only: skin (urticaria with/without angioedema/pruri-
tis), oral allergy syndrome, and gastrointestinal or respiratory 
symptoms (bronchial-obstruction/dyspnea). Involvement of 2 or 
more organs, with or without cardiovascular compromise, which 
rapidly occurred after exposure to peanuts, was defined as a sys-
temic reaction [6, 22].

Statistic
Nonparametric and parametric methods were used to calculate 

statistical significance. The distribution value was determined by 
D’Agostino and Pearson omnibus test normality. Student’s t test, 
Mann-Whitney test, Fisher’s test, and χ2 test were used for calcu-
lating the difference between the groups. The ANOVA test was 
used to calculate the relative difference distribution variance be-
tween variables. The statistical hypotheses were tested at the level 
of α = 0.05, and the difference between the groups in the sample 
was considered significant when p < 0.05. Statistical significance 
was depicted as p < 0.05, p < 0.01, and p < 0.001. All data were 
analyzed using GraphPadPrism version 7 (San Diego, CA, USA).

Results

From a total of 69 patients, the majority (75.4%) re-
ported initial occurrence of PA in early childhood (≤6 
years), while 24.6% of them reported it later. The median 
age of allergy onset was 2 years (1, 43). Patients who expe-
rienced the first clinical symptoms in early childhood ex-
hibited a significantly bigger pSPT wheal size (6.0 vs. 4.0, 
p = 0.0004) and higher levels of total IgE (653 vs. 340, p = 
0.014) and psIgE (2.8 vs. 0.5, p = 0.0349). They also showed 
both a positive result and a higher level for Ara h 1 (0.5 vs. 
0.2, p = 0.0271), Ara h 2 (1 vs. 0, p = 0.0002), and Ara h 3 
(0.2 vs. 0, p = 0.0002) and systemic allergic reactions, com-
pared to patients from the other group (Table 1).
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Table 1. Characteristics of patients regarding age of onset of symptoms

≤6 years >6 years p value

Patients, n (%) 52 (75.4) 17 (24.6) –
Females, n (%) 16 (30.8) 8 (47.1) 0.3519
Mean age, years 11.3±7.5 23.6±11.8 <0.0001*
Local allergic reaction, n (%) 34 (65.4) 17 (100) 0.0034*
Systemic allergic reaction, n (%) 18 (34.6) 0 (0.0)
Total IgE, KUA/L 653.0 (0.0, 2,000) 340.0 (46.0, 1,220.0) 0.0149*
pSPT, mm 6.0 (0.0, 10.0) 4.0 (0.0, 6.0) 0.0004*
psIgE, KUA/L 2.8 (0.0, 100) 0.5 (0.0, 12.5) 0.0349*
Ara h positivity, n (%)

Ara h 1 31 (59.6) 6 (35.3) 0.0404*
Ara h 2 33 (63.5) 1 (5.9) 0.0001*
Ara h 3 23 (44.2) 2 (11.8) 0.0334*
Ara h 8 9 (17.3) 1 (5.9) 0.4443
Ara h 9 25 (48.1) 10 (58.8) 0.5781

Ara h 1 0.5 (0.0, 100) 0.2 (0.0, 32.1) 0.0271*
Ara h 2 1.0 (0.0, 100) 0.0 (0.0, 1.3) 0.0002*
Ara h 3 0.2 (0.0, 91.9) 0.0 (0.0, 35.0) 0.02*
Ara h 8 0.0 (0.0, 91.7) 0.0 (0.0, 3.8) 0.681
Ara h 9 0.2 (0.0, 20.4) 0.1 (0.0, 49.1) 0.4191

Values for Ara h 1–3, 8, and 9 are expressed in KUA/L. * p value was significant.

Table 2. Total Pearson coefficient of correlation, 95% confidence interval, and p values for correlation of age and 
Ara h 1, Ara h 2, Ara h 3, Ara h 8, and Ara h 9

Total Pearson coefficient 95% CI p value

pSPT, mm
≤6 years

Ara h 1 −0.03153 −0.3045 to 0.2463 0.8261
Ara h 2 −0.05400 −0.3248 to 0.2250 0.7066
Ara h 3 −0.1527 −0.4110 to 0.1284 0.2848
Ara h 8 −0.02797 −0.3013 to 0.2496 0.8455
Ara h 9 −0.2298 −0.4754 to 0.04891 0.1047

>6 years
Ara h 1 −0.2476 −0.6509 to 0.2647 0.338
Ara h 2 −0.2816 −0.6714 to 0.2303 0.2735
Ara h 3 −0.2785 −0.6696 to 0.2335 0.279
Ara h 8 0.3372 −0.1713 to 0.7039 0.1856
Ara h 9 0.2954 −0.2160 to 0.6796 0.2496

psIgE, KUA/L
≤6 years

Ara h 1 0.7231 0.5609–0.8319 <0.0001*
Ara h 2 0.7263 0.5655–0.8340 <0.0001*
Ara h 3 0.4451 0.1959–0.6402 0.0009*
Ara h 8 0.1594 −0.1188 to 0.4143 0.2591
Ara h 9 −0.1253 −0.3851 to 0.1529 0.3759

>6 years
Ara h 1 0.8339 0.5895–0.9384 <0.0001*
Ara h 2 0.8340 0.5896–0.9385 <0.0001*
Ara h 3 −0.04425 −0.5141 to 0.4460 0.8661
Ara h 8 −0.03653 −0.5083 to 0.4522 0.8893
Ara h 9 −0.03999 −0.5109 to 0.4494 0.8789

Values for Ara h 1–3, 8, and 9 are expressed in KUA/L. * p value was significant.
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To detect diagnostic importance of pSPT and psIgE, 
their Pearson correlation was done with all the mea-
sured peanut allergen components (Ara h 1–3, 8, and 
9). A positive correlation was detected between all 3 
storage proteins (Ara h 1–3) in the younger group, 
while in the other group, a correlation was detected be-
tween Ara h 1 and 2 only. No significant correlation was 
observed between psIgE and Ara h 8 and 9 in either 
group, as well as no significant correlation between 
pSPT and any measured peanut allergen component 
(Table 1).

Systemic and local allergic reactions were compared in 
patients with onset of allergic symptoms in the younger 
group (Table 2). To detect the cutoff values of pSPT and 
psIgE, which could predict the positivity of Ara h mono-
components, ROC analysis was done and applied only to 
a positive Pearson correlation. In other words, ROC anal-
ysis was done for psIgE and Ara h 1 and 2 for both groups, 
but also for psIgE and Ara h 3 in the patients with the 
onset of allergic symptoms in early childhood. ROC anal-
ysis regarding levels of psIgE in predicting the positivity 
of Ara h 1, Ara h 2, and Ara h 3 in patients with an allergic 
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Fig. 1. a–e ROC analysis regarding levels of psIgE in predicting the positivity of Ara h 1 (a), Ara h 2 (b), and Ara 
h 3 (c) in patients with onset of allergic symptoms in the age of ≤6 years and of Ara h 1 (d) and Ara h 2 (e) in 
patients with onset of allergic symptoms in the age of >6 years. f–h ROC analysis to detect the cutoff value of 
psIgE and Ara h 1–3 in predicting the systemic allergic reaction among patients with onset of allergic symptoms 
in the age of ≤6 years.
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reaction in early childhood and of Ara h 1 and Ara h 2 in 
patients who had a first known occurrence of allergic re-
action in the other group was done. Figure 1 shows the 
cutoff value of psIgE, sensitivity, specificity, area under 
the curve, standard error (SE), 95% confidence interval 
(CI), and p values of ROC analysis in predicting positiv-
ity of Ara h 1, Ara h 2, and Ara h 3 in the younger group. 
Moreover, ROC was also done to detect the cutoff value 
of psIgE, directed to storage proteins, in predicting the 
systemic allergic reaction. Cutoff value of psIgE, Ara h 1, 
2, and 3, sensitivity, specificity, area under the curve, SE, 
95% CI, and p values of ROC were analyzed in predicting 
the presence of systemic allergic reaction in patients with 
onset of allergic symptoms in early childhood. Results are 
shown in Table 3 and Figure 1.

By applying ROC analysis, we detected cutoff values of 
those peanut allergen components which showed a posi-
tive Pearson correlation. The calculation observed that 
for onset of allergic symptoms in the younger group, cut-
off for Ara h 2 >22.25 KUA/L has 100% specificity, while 
cutoffs for Ara h 1 and 3 (>2.77 and >7.05, respectively), 
although statistically significant, showed less value of 
both sensitivity and specificity (90.48% and 75.86%: p = 
0.001 and 0.01, respectively).

Furthermore, the results of the ROC analysis were 
used to detect the cutoff value of psIgE and Ara h 1–3, to 
predict systemic allergic reaction. We observed that psIgE 
to Ara h 2 ≥15.4 enabled the detection of possible sys-
temic reaction, with sensitivity 55.56% and specificity 
91.18%, area under the curve 0.79, SE 0.07, 95% CI: 0.65–
0.92; p < 0.001 (Fig. 1). The calculation observed that for 
onset of allergic symptoms in the older group, cutoff for 
Ara h 1 >4.74 KUA/L has 100% specificity.

Discussion

Consumption of raw or roasted peanuts is common in 
Kuwait and introduced early on in children’s diets. The 
knowledge regarding PA including cross-reactivity with 

tree nuts or other pollen allergens is limited, and OFC is 
rarely performed [16]. A recent study conducted on 3,738 
young Kuwaiti students estimated the self-reported prev-
alence of PA of 1.3% [21], similar to the rate reported in 
the Western world, probably due to adoption of a West-
ernized lifestyle. Previous studies have calculated 95% 
positive predictive value (PPV) for SPT if using SPT 
wheal ≥8 mm and psIgE with cutoff values ≥14 KUA/L. 
However, Codreanu et al. [23] conferred a cutoff point of 
psIgE of 0.23 KUA/L, 96.0% sensitivity, and 93.0% speci-
ficity investigating 237 French children, while Dang et al. 
[24] reported a cutoff point of 1.19 KUA/L yielded 60% 
sensitivity and 98% specificity for psIgE in 200 Australian 
infants. In the present study, although a median of psIgE 
showed lower level than 14 KUA/L, it was higher in the 
group of patients with onset of allergic symptoms in the 
younger group: 2.8 (0.0, 100) versus 0.5 (0.0, 12.5); p = 
0.0349. Similar observations were documented with pSPT 
wheal size: 6.0 mm (0.0, 10.0) versus 4.0 (0.0, 6.0); p = 
0.0004 (Table 1). Several studies showed that measure-
ments of IgE to major peanut allergen Ara h 2 are more 
useful in predicting clinical PA than the currently used 
skin or blood tests based on the whole extract [13, 16, 25]. 
The obtained results from the current study also observed 
significantly higher numbers of positive sIgE to all 3 pea-
nut storage proteins, the highest being Ara h 2 (63.5%), 
followed by Ara h 1 (59.6%). However, in a smaller num-
ber of patients, Ara h 3 was positive in patients with onset 
of allergic symptoms in the younger group (44.2%) (Ta-
ble 1). Furthermore, the obtained results documented a 
positive correlation between psIgE and Ara h 1–3 in the 
same group. On the other hand, no correlation was found 
between psIgE and Ara h 8 and 9 in either group. Lack of 
correlation between psIgE and Ara h 8 and 9, especially 
in group 2, suggested further investigation of cross-reac-
tivity with other food and potential misdiagnosis of pri-
mary PA. Although Ara h 9, nsLTP, in peanuts is a wide-
spread pan-allergen and might be responsible for allergic 
reactions in particular geographical areas, sensitization to 
Ara h 9 in all our patients was insignificant, with the me-

Table 3. Cutoff value of psIgE, sensitivity, specificity, area under the curve, standard error, 95% confidence interval, and p values of ROC 
analysis in predicting positivity of Ara h 1, Ara h 2, and Ara h 2 in different groups

Age of onset of symptoms Ara h Cutoff of psIgE Sensitivity, % Specificity, % Area under curve SE 95% CI p value

≤6 years 1 >2.77 77.42 90.48 0.89 0.05 0.79–0.98 <0.0001
2 >22.25 30.3 100 0.81 0.06 0.69–0.93 <0.001
3 >7.05 60.87 75.86 0.75 0.07 0.61–0.88 <0.01

>6 years 1 >4.74 33.3 100 0.89 0.08 0.73–1.04 <0.05
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dian level being below a lower limit (Table 1). This is in 
contrast to the results documented in the studies from 
South Europe [26, 27] and some Asian countries [20] 
where Ara h 9, as a single component, might be a prima-
ry sensitizer agent in peanut-sensitized patients [27] with 
more than half of the PA patients being sensitized to 
peach LTP pru p3 in a South Europe study [28]. In addi-
tion, Ara h 8, an important peanut allergen in North Eu-
rope, was undetectable in both groups of patients (0.0 
[0.0, 91.7] vs. 0.0 [0.0, 3.8], p = 0.6.81) (Table 1). Likely 
because birch pollen is not present in the Middle East 
where allergic rhinitis is linked to the abundant local 
weeds especially Salsola kali, possible cross-reactivity be-
tween peanuts and Salsola kali has been investigated. 
However, no cross-reactivity was found in patients with 
allergic rhinitis and positive skin test to Salsola kali [29]. 
Our results confirmed a poor PPV of pSPT, frequently 
noticed with other food allergen extracts. Similarly, Kl-
emans et al. [10] reviewed 21 studies in pediatric cohorts 
and confirmed that sIgE to Ara h 2 had the highest odds 
ratio (OR) in predicting PA, compared to SPT (in any 
geographical location), and as a result, the authors sug-
gested the replacement of previous tests with Ara h 2 in 
daily clinical practice. Our results supported the impor-
tance of both Ara h 1 and 2 as the main elicitors of allergic 
reactions in children and their severity. This was simi-
larly observed by others [18] (Table 2).

The results from ROC analysis suggest that the OFC 
should be considered for definite diagnosis of PA only if 
the level of Ara h 2 is <22.25 KUA/L and suggest that 
physician-diagnosed PA, based on pSPT and psIgE of the 
whole peanut extract, often offers an overestimated diag-
nosis of PA in our patients. This can be compared with 
studies from northern Europe reporting Ara h 2 cutoff 
level with 100% PPV for a positive provocation test ≥1.75 
KUA/L [30] or >5.17 KUA/L [10].

One of the limitations of this study included age het-
erogeneity. To avoid this bias, all patients were divided 
according to their age at the first known clinical reaction. 
Due to the high cutoff point of Ara h 2, we considered that 

cross-reactivity should be further investigated in forth-
coming studies in the region.

In conclusion, the pattern of sensitization to peanut 
proteins in the Middle East was similar to that of the 
Western world. The obtained results support the diag-
nostic accuracy of Ara h 2 across different geographical 
regions, even in predicting systemic reactions in patients 
who develop PA in early childhood. Measurement of IgE 
antibodies to Ara h 1–3 is useful in the diagnosis of PA 
and in the investigation of reactions to raw and roasted 
peanuts. Using CRD offers a wider sensitization profile 
for patients and might reduce the number of OFC (once 
the cutoffs of PPV are found).
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