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for the diagnosis of peanut allergy in Chinese children

Gilbert T Chua,1 Patrick CY Chong,1 Elaine YL Au,2 KN Cheong,1 Wilfred HS Wong,1 
Eric YT Chan,2 Marco HK Ho,1 YL Lau,1 Jaime S Rosa Duque1

Abstract

Background: Peanut allergy is common in Chinese children, yet the most predictive diagnostic cut-offs for skin prick 
test (SPT) and blood testing in this population are unclear. 

Objectives: We aimed to determine the optimal cut-off values for whole-peanut SPT, specific IgE (sIgE) and compo-
nent-resolved diagnostics (CRD) for Chinese children based on outcomes of open oral food challenges (OFC) to pea-
nut.

Methods: We recruited ethnic-Chinese patients 1-18 years old who were suspected of having peanut allergy based on a 
history of reactions after exposure or sensitization although peanut naïve. Considering the AUC value of 0.8, 80% pow-
er and 5% level of significance with two tails, 26 patients were needed. Sensitivities, specificities, positive and negative 
predictive values, and receiver operating characteristic curves (ROCs) and their area-under-curves (AUCs) for SPT, 
peanut sIgE, and CRD were compared. 

Results: Thirty-one subjects participated. Only SPT reached statistical significance (AUC 0.91, p = 0.0001), but not the 
other tests. Seven retrospective data were added to optimize the power. SPT remained to be the best predictor, followed 
by Ara h 2 sIgE (AUC 0.72, p = 0.02). An SPT wheal size of 3 mm and Ara h 2 sIgE of 0.14 kU(A)/L yielded the high-
est Youden’s index. The specificity of SPT and Ara h 2 sIgE reached 94% at 6 mm and 0.74 kU(A)/L, respectively. Com-
parisons of ROCs revealed that SPT was significantly better than Ara h 2 sIgE (p = 0.03) and whole-peanut sIgE (AUC 
0.61, p = 0.26).

Conclusion: In Chinese children, SPT appeared to be the best predictor for peanut allergy, followed by Ara h 2 sIgE.
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Introduction
The prevalence of peanut allergy in the Chinese popu-

lation is high and estimated to be 0.3-0.7%.1-4 Food allergies 
significantly impact the quality of life of patients and their 
families.5,6 Patients with food allergies experienced depressed 
moods, felt anxious about food safety and social occasions, 
and had to bear more expensive food costs.7 Therefore, pro-
viding an accurate diagnosis is crucial. This process relies on 
the acquisition of relevant clinical histories and reliable in-
vestigations, including skin prick test (SPT) and blood tests. 

Some patients may ultimately require supervised food chal-
lenges for confirmation. However, as evident from the tragic 
event involving a three-year-old child who died due to a rou-
tine oral food challenge, performing tests that carry less risks 
with high pre-test probabilities prior food challenges is para-
mount.8 

Generally, patients with convincing histories are con-
sidered as peanut allergic if testing reveals large wheal sizes 
on skin prick testing (SPT) or high specific IgE (sIgE) levels
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Prior to entry into the study, parents and guardians were 
thoroughly counselled on the potential risks and benefits be-
fore they signed informed consent forms approved by the 
Institutional Review Board of the University of Hong Kong/
Hospital Authority Hong Kong West Cluster (IRB reference 
number: UW 17-033). SPT and blood tests for peanut sIgE 
and CRD (Ara h 1, 2, 3, 8 and 9 sIgE) were obtained. All 
participants underwent an in-patient open peanut challenge. 
A physician and registered nurse were available at all times 
during the challenge procedure. In the event of any allergic 
symptoms, the doctor-in-charge was immediately informed 
to conduct an assessment. Standby rescue medications were 
readily available as needed. 

Skin Prick Testing
SPT was performed using single-head lancets on the fore-

arms of children with histamine (1mg/ml) as positive control, 
glycerinated saline as negative control and whole-peanut ex-
tract (ALK- Abelló, Denmark). Wheal and flare sizes were 
measured after 15 minutes. Patients abstained from anti-his-
tamine-containing medications and topical corticosteroids on 
their forearms for at least one week prior to the procedure. 

Peanut sIgE and Component Resolved Diagnostics 
Three to 5 ml of clotted blood were drawn and sent to the 

Queen Mary Hospital Immunology Laboratory. Serum was 
extracted for quantification of peanut sIgE and CRD (Ara h 
1, 2, 3, 8, 9) by ImmunoCAP (Thermo Fisher Scientific Inc, 
Massachusettes, USA). 

Peanut Challenge
The OFCs to peanut were performed according to the Aus-

tralian Society of Clinical Immunology and Allergy (ASCIA) 
peanut challenge protocol.23 We used a commercial smooth 
peanut butter preparation (Skippy®, Hormel Foods Corpora-
tion, Minnesota, USA). One teaspoon (5ml) of peanut butter 
was deemed equivalent to 3.5 grams of peanut protein (Prod-
uct information). 

The OFC was performed as an in-patient procedure, start-
ing with a smear of peanut butter applied to the buccal muco-
sa of the lower lip. Subsequently, at 20-minute intervals, doses 
of 1/8, ¼, ½ and 1 teaspoon of peanut butter were given. If 
no reaction occurred during the entire period, the participant 
was deemed peanut tolerant. Those who developed acute al-
lergic reactions, such as urticaria, angioedema, vomiting, 
wheezing, hypoxia, hypotension, and anaphylaxis during any 
stage of the challenge were diagnosed as peanut allergic. A re-
peat open OFC was performed for equivocal results. 

Statistical Analysis
Power Analysis

We considered the ratio between the peanut tolerant and 
allergic groups to be 1:1 and the AUC value to be 0.8. To 
achieve an 80% power at 5% level of significance with two 
tails, a total of 26 subjects was needed. For an AUC value of 
0.75, a total of 38 subjects would be needed. 

to peanut. A wheal diameter ≥ 8 mm for children older than 
2 years old has been shown to yield a positive predictive val-
ue (PPV) of 96-100%, and a wheal diameter ≥ 4 mm for chil-
dren younger than 2 years old yielded a PPV of 100%.9,10 For 
blood testing, PPV of 98% and 95% have been reported for 
values of 15 kUA/L for peanut sIgE and 0.1 kUA/L for Ara 
h 2 sIgE, respectively.9,11 However, investigators from different 
countries have reported variable cut-off values for SPT, peanut 
sIgE and CRD. For SPT, Sicherer and Wood reviewed studies 
from Australia,10,12 France,13 Canada,14 US,15 and UK16 which 
demonstrated different cut-offs that achieved 100% PPV, rang-
ing from 4 mm in younger age groups to up to 16 mm in old-
er children. Additionally, these studies varied in terms of age 
of the subjects, challenge criteria and skin test reagents used.17 
As for blood tests, such as the component-resolved diagnos-
tics (CRD) which is becoming used more widely, their sensi-
tivities, specificities, PPV and NPV reported have been incon-
sistent depending on which region of the world the study was 
performed. For example, peanut sIgE at 10 kU/L and Ara h 2 
sIgE at 4.0 kU/L achieved 100% PPV in Korea.18 In contrast, 
Ara h 2 sIgE reached the sensitivity and specificity of 88% and 
84%, respectively, at a cut-off of 0.35 kU(A)/L for Japanese 
children between the ages of 2 and 13 years old.19 A recent 
study conducted in Australia by the HealthNuts Study group 
showed cut-off values of 14.9 kU/L for peanut sIgE and 1.19 
kU/L for Ara h 2 sIgE that achieved the specificity of 98%.11 
Two other conflicting studies, one in Sweden and another in 
the US, showed that Ara h 2 of 0.35 kU/L had a 93% predic-
tive value.20 

Moreover, sensitization patterns seem to differ even with-
in the same country and ethnic group. For example, a study 
in Beijing, China demonstrated that Ara h 9 was the major 
peanut allergen and mono-sensitization to this component 
was the most common pattern for their population,21 while in 
Taiwan, Ara h 2 was the most important component associat-
ed with peanut allergy.22 Nevertheless, whether these patients 
actually had peanut allergy remains nebulous as both studies 
used questionnaires rather than the confirmatory gold-stan-
dard diagnostic testing modality for the diagnosis of food al-
lergy: the oral food challenge (OFC). 

The most likely reason for these inconsistent conclusions 
is that skin and laboratory testing for different ethnicities and 
regions of the world may be different. As such, a set of ethnic 
-specific cut-off values for predicting peanut allergy is needed. 
This study aims to determine and compare the utility of pea-
nut SPT, peanut sIgE and CRDs for Chinese children based 
on oral food challenge outcomes.

Materials and Methods
This was a single-center, cross-sectional study. The inclu-

sion criteria were as follows: patients between the ages of 1 to 
18 years old who were of ethnic-Chinese descent suspected of 
having peanut allergy based on a history of reactions after ex-
posure to peanut or sensitization although peanut naïve. Pa-
tients were recruited from the Allergy Clinic at the Depart-
ment of Paediatrics and Adolescent Medicine, Queen Mary 
Hospital. A detailed clinical history was recorded and those 
who fulfilled the aforementioned criteria were invited to par-
ticipate. 
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Data Analysis
Power analysis was performed using G*Power (Hein-

rich-Heine-University Düsseldorf, Düsseldorf, Germany). 
Data were analysed using Microsoft Excel® (Redmond, Wash-
ington, USA) and GraphPad® Prism 8 (San Diego, California, 
USA). For comparison of data between the tolerant and al-
lergic groups, the Fisher’s exact test was used for categorical 
variables, whereas the Mann–Whitney U test was used for 
continuous variables. 

Receiver-operating characteristic curves (ROC) were gen-
erated by plotting sensitivities against 1-specificities. The ar-
ea-under-curve (AUC), Youden’s Index, and p-value of each 
test were calculated. A Youden’s Index closest to 1 indicated 
the test’s value with the highest sensitivity and specificity. 
Comparison of ROC curves was performed using the Hanley 
and McNeil Method. A p-value of < 0.05 was treated as statis-
tically significant.

Results
Between January 2017 and September 2018, we prospec-

tively recruited 64 patients who were suspected of having 
peanut allergy based on a history of reactions after exposure 
to peanut or sensitization although peanut naïve. Thirty-one 
patients and parents did not wish to proceed to OFC due to 
its inconvenience or they had serious concerns over potential 
severe allergic reactions. Two patients were also excluded due 
to self-reported reactions after accidental exposure to peanut 
and therefore declined the OFC. 

Table 1. Patients demographics

Overall (n = 31) Allergic (n = 16) Tolerant (n = 15) p value

Male Gender (%) 20 (65) 11 (69) 9 (60) 0.72

Age (years) 4.54 (3.65–6.46) 4.12 (2.21–6.48) 4.68 (3.87–8.25) 0.32

Peanut Naïve (%) 16 (52) 7 (44) 9 (60) 0.48

Eczema (%) 20 (65) 10 (63) 10 (67) 0.99

Asthma (%) 6 (19) 4 (25) 2 (13) 0.65

Allergic Rhinitis (%) 11 (35) 6 (38) 5 (33) 0.99

SPT (mm) 3 (1–4) 6 (3–10) 1 (0–2) < 0.0001*

Peanut sIgE [kU(A)/L] 1.11 (0.20–2.64) 1.39 (0.22–3.41) 0.26 (0.1–4.74) 0.33

Ara h 1 sIgE [kU(A)/L] 0.12 (0.10–0.29) 0.17 (0.10–0.72) 0.10 (0.10–0.47) 0.17

Ara h 2 sIgE [kU(A)/L] 0.18 (0.10–0.37) 0.28 (0.10–0.88) 0.10 (0.10–0.23) 0.04*

Ara h 3 sIgE [kU(A)/L] 0.10 (0.10–0.19) 0.10 (0.10–0.19) 0.10 (0.10–0.59) 0.33

Ara h 8 sIgE [kU(A)/L] 0.10 0.10 0.18 (0.10–0.25) 0.04*

Ara h 9 sIgE [kU(A)/L] 0.10 0.10 0.10 (0.10–0.11) 0.27

SPT = skin prick test, sIgE = specific immunoglobulin E
Data are median values (and 95% interpercentiles or 95% confidence intervals). * = p < 0.05

A total of 31 ethnic-Chinese subjects participated and 
their characteristics are listed in Table 1. The overall median 
age of this cohort was 4.54 years old, and 83.9% were older 
than 2 years old. Sixteen patients (51.6%) were reported to be 
peanut-naïve at the time of challenge. Sixteen patients (51.6%) 
had positive challenge results. No patient in this entire study 
developed severe reactions during the OFC. 

When comparing between the peanut allergic and toler-
ant groups, there were no differences in their demographic 
data. The median SPT wheal size diameters (6 mm vs 1 mm, 
p < 0.0001) and Ara h 2 sIgE (0.28 vs 0.1 kU(A)/L, p = 0.04) 
were significantly higher in the peanut-allergic group than 
the tolerant group. Conversely, the tolerant group had sig-
nificantly higher Ara h 8 sIgE than the allergic group (0.18 vs 
0.1 kU(A)/L, p = 0.04) (Figure 1). There were no differences 
in peanut sIgE, Ara h 1, 3, and 9 sIgE levels between groups. 
ROC curve of SPT achieved statistical significance with AUC 
0.91 (p = 0.0001) but not for Ara h 2 sIgE (AUC 0.7, p = 
0.053) and peanut sIgE (AUC 0.6, p = 0.32). 

Since the AUC and p value for Ara h 2 sIgE were close but 
did not reach significance possibly due to inadequate power, 
we subsequently included seven additional sets of retrospec-
tive data based on the power calculation that a sample size of 
38 subjects was needed for a target AUC value of 0.75. Ret-
rospective data were used due to limitation of funding and 
nursing care for more prospective OFCs and our past proce-
dures followed an identical protocol and approach. Patients 
who received SPT, sIgE and CRD measurements, and OFCs
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to peanut according to our same clinical protocol as described 
above prior to the commencement of this study were included 
for analysis. These patients fulfilled the inclusion and exclu-
sion criteria of this study. Their median age was 6.39 years. 
Five of them were boys (71.4%). The median SPT wheal size, 
peanut sIgE and Ara h 2 sIgE were 5 mm, 1.99 kU(A)/L and 
0.62 kU(A)/L respectively. Five (71.4%) were challenge posi-
tive. All had mild reactions, such as urticaria and throat itchi-
ness. None had anaphylaxis. 

Figure 2. Receiver operative characteristics (ROC) analysis indicated that skin prick tests (SPT) but not peanut-specific IgE 
(sIgE) had a significant association with peanut allergy (AUC 0.90, p < 0.0001 and AUC 0.61, p = 0.26, respectively) (Figure 
2a). ROC analysis of peanut component-resolved diagnostics (CRD) revealed only Ara h 2 sIgE (AUC 0.72, p = 0.02) had 
significant association with peanut allergy, while Ara h 1 sIgE (AUC 0.62, p = 0.19) and Ara h 3 sIgE (AUC 0.60, p = 0.27) 
did not (Figure 2b). Comparison of ROC curves between SPT and Ara h 2 sIgE demonstrated that SPT had a significant-
ly greater AUC (p = 0.03) (Figure 2c). Children older than 2 years old (AUC 0.96, p < 0.0001) had a greater AUC than the 
younger group (AUC 0.75, p = 0.29), although the difference did not reach significance (Comparison of ROC curves p = 
0.29) (Figure 2d).

Figure 1. Box-and-whisker diagrams for skin prick tests (SPT), Ara h 2 and 8 specific immunoglobulin E (sIgEs). The peanut-al-
lergic group had significantly greater SPT wheal diameters, Ara h 2 sIgE and Ara h 8 sIgE compared to the peanut-tolerant 
group.
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For these 38 total patients, both ROC curves of SPT and 
Ara h 2 sIgE achieved statistical significance (Figure 2a and 
2b) with AUC’s of 0.9 (p < 0.0001) and 0.72 (p = 0.02), re-
spectively. Sensitivities, specificities, positive and negative pre-
dictive values, and Youden’s indices of SPT wheal size and Ara 
h 2 sIgE are listed in Tables 2 and 3, respectively. SPT wheal 
diameter of 3 mm achieved the highest Youden’s index at 0.77, 
which yielded a sensitivity of 95% and specificity of 82%. 
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Figure 2. (Continued)

Table 2. Sensitivity, specificity, PPV, NPV and Youden’s index of various cut-offs for SPT wheal size

SPT wheal 
size (mm) Sensitivity Specificity PPV NPV Youden’s 

Index

≥ 2 1 0.65 0.77 1.00 0.65

≥ 3 0.95 0.82 0.86 0.93 0.77*

≥ 4 0.8 0.82 0.84 0.78 0.62

≥ 5 0.55 0.82 0.78 0.61 0.37

≥ 6 0.55 0.94 0.91 0.64 0.49

≥ 7 0.45 0.94 0.90 0.59 0.39

≥ 8 0.4 0.94 0.89 0.57 0.34

≥ 9 0.3 1 1.00 0.55 0.3

* = highest Youden’s index
SPT = skin prick test, PPV = positive predictive value, NPV = negative predictive value

Table 3. Sensitivity, specificity, PPV, NPV and Youden’s index of various cut-offs for Ara h 2 sIgE

Ara h 2 sIgE 
[kU(A)/L] Sensitivity Specificity PPV NPV Youden’s 

Index

≥ 0.14 0.76 0.65 0.72 0.70 0.41*

≥ 0.18 0.71 0.65 0.70 0.66 0.36

≥ 0.19 0.67 0.65 0.69 0.63 0.32

≥ 0.21 0.57 0.65 0.66 0.56 0.22

≥ 0.22 0.57 0.71 0.70 0.58 0.28

≥ 0.27 0.57 0.76 0.74 0.60 0.33

≥ 0.33 0.52 0.76 0.72 0.57 0.28

≥ 0.36 0.48 0.76 0.70 0.55 0.24

≥ 0.40 0.48 0.82 0.76 0.57 0.3

≥ 0.46 0.43 0.82 0.74 0.55 0.25

≥ 0.55 0.43 0.88 0.81 0.57 0.31

≥ 0.62 0.38 0.88 0.79 0.55 0.26

≥ 0.64 0.33 0.88 0.76 0.53 0.21

≥ 0.74 0.33 0.94 0.87 0.54 0.27
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Table 4. Studies comparing the performances of SPT, peanut sIgE and Ara h 2 sIgE

References Country Methods
SPT Peanut sIgE Ara h 2 sIgE

AUC p-value AUC p-value AUC p-value

Li 201824 United Kingdom OFC 0.95 < 0.01 0.489 0.26 0.779 < 0.01

Simms 201725 Canada OFC 0.93 < 0.0001 0.812 0.008 N/A N/A

Gray 201526 South Africa Questionnaire 
(OFC if uncertain) 0.88–1.00 N/A 0.67–0.72 N/A 0.81–0.87 N/A

Suratannon 201327 Thailand
OFC 

(DBPCFC if subjective 
symptoms)

0.62 N/A 0.51 N/A 0.82 N/A

Chua 2019 
(Current study) Hong Kong, China OFC 0.9 < 0.0001 0.61 0.26 0.72 0.02

OFC = oral food challenge, DBPCFC = double-blind, placebo-controlled food challenge, SPT = skin prick tests, sIgE = specific immunoglobulin E, N/A = not 
available

Discussion
To our knowledge, the present study provides the only set 

of sensitivity and specificity CRD data for Chinese peanut-al-
lergic patients based on the gold standard OFC test. Time 
between recruitment and entry to food challenge was reason-
able, with the median time of 3.63 months. Our study demon-
strated that, among Chinese children, SPT yielded the high-
est sensitivity and specificity at a wheal size of 3 mm, while 
a wheal size of 6 mm provided a ~95% specificity. For Ara 
h 2 sIgE, the highest sensitivity and specificity was achieved 
at 0.14 kU(A)/L and the ~95% specificity was 0.74 kU(A)/L. 
Overall, the best predictor for the diagnosis of peanut allergy 
based on OFC was SPT, while Ara h 2 sIgE was the best pre-
dictor amongst all blood tests. 

Practically, SPT is a convenient test that is generally more 
widely available than the more novel allergen-specific CRD. 
Results for SPT can be obtained within 15 minutes, while final 
reports of CRD may require several days of waiting time. Al-
most all allergy centres across the world utilize the SPT since 
it is a convenient and rapid diagnostic tool for the workup 
of food allergies. The cut-off value obtained from this study

The specificity of SPT reached ~95% (94%) at 6 mm. Ara h 2 
sIgE of 0.14 kU(A)/L achieved the highest Youden’s index at 
0.41, with a corresponding sensitivity of 76% and specificity 
of 65%. The ~95% (94%) specificity for Ara h 2 sIgE was at 
0.74 kU(A)/L. The AUC of peanut sIgE was 0.61, which was 
not statistically significance (p = 0.26). The ROC curve of SPT 
was significantly better than Ara h 2 sIgE (p = 0.03) (Figure 
2c). The Pearson correlation coefficients (r2) for SPT, peanut 
sIgE and CRD’s against the threshold doses amongst challenge 
positive patient were all < 0.5. 

In addition, we compared patients who were older versus 
younger than 2 years old, as a previous study had demonstrat-
ed important differences in cut-off values for these 2 different 
age groups.9 For patients older than 2 years old, the AUC of 
SPT was 0.96 (p < 0.0001), with the wheal size for the highest 
sensitivity and specificity also at 3 mm, both achieving 90% 
(Figure 2d); for patients younger than 2 years old, the AUC 
was 0.75 but did not reach statistical significance (p = 0.29). 

For the 12 patients whose SPT wheal size diameters were 
between 3 and 6 mm, 6 had Ara h 2 sIgE < 0.1 kU(A)/L and 2 
of them were tolerant to peanut.

* = highest Youden’s index
sIgE = specific immunoglobulin E, PPV = positive predictive values, NPV = negative predictive values

Table 3. (Continued)

Ara h 2 sIgE 
[kU(A)/L] Sensitivity Specificity PPV NPV Youden’s 

Index

≥ 0.85 0.29 0.94 0.85 0.53 0.23

≥ 0.95 0.24 0.94 0.82 0.51 0.18

≥ 1.2 0.19 0.94 0.79 0.50 0.13

≥ 1.4 0.14 0.94 0.73 0.48 0.08

≥ 1.7 0.095 1 1.00 0.48 0.095

≥ 8.9 0.048 1 1.00 0.47 0.048
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Conclusion
Using the gold-standard OFC, our study demonstrated 

that SPT was the best predictor for peanut allergy among Chi-
nese children and was superior to sIgE and CRD. There is a 
high likelihood that patients with peanut SPT wheal diameter 
size > 6 mm are peanut allergic. CRD testing for Ara h 2 and 
possibly Ara h 8 may be a reasonable alternative if patients are 
unable to undergo SPT, such as those who are uncooperative, 
at risk of reaction due to skin testing, unable to tolerate in-
terruption of their anti-histamines or immunosuppressants, or 
have inadequate skin reactivity. Further studies are warranted 
to determine the most predictive testing values among chil-
dren younger than 2 years old.
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