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ABSTRACT 38 

Background: The diagnostic value of peanut components is extensively studied in children, but 39 

to a lesser extent in adults with suspected peanut allergy. The use of peanut components in 40 

daily practice may reduce the need for double-blind placebo-controlled food challenges 41 

(DBPCFCs), however validation studies are currently lacking.   42 

Objective: To 1) evaluate the diagnostic value of (combined) peanut components and 2) 43 

validate a previous found Ara h 2 cutoff level with 100% positive predictive value (PPV) in adults 44 

with suspected peanut allergy. 45 

Methods: Adults who underwent a peanut DBPCFC were included: 84 patients from a previous 46 

study (2002 to 2012) and 70 new patients (2012 to 2019). Specific IgE to peanut extract, Ara h 47 

1, 2, 3, 6 and 8 was measured using ImmunoCAP. Diagnostic value was assessed with an area 48 

under the curve (AUC) analysis.  49 

Results: In total, 95 (62%) patients were peanut allergic. sIgE to Ara h 2 and Ara h 6 were the 50 

best predictors with an AUC (95% CI) of 0.85 (0.79-0.91) and 0.85 (0.79-0.92), respectively. 51 

The Ara h 2 cutoff level with 100% PPV (≥1.75 kUA/L) was validated in the 70 new patients. 52 

Thirty percent of all included patients could be classified correctly as peanut allergic using this 53 

validated cutoff level.  54 

Conclusion: sIgE to Ara h 2 and Ara h 6 have equally high discriminative ability. Peanut allergy 55 

can be predicted accurately in one-third of adults using a validated cutoff level of sIgE to Ara h 56 

2.   57 
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HIGHLIGHTS 58 

What is already known about this topic? 59 

• The diagnostic value of peanut components is extensively studied in children, but less in 60 

adults.  61 

• An Ara h 2 cutoff level (≥1.75 kUA/L) with 100% positive predictive value (PPV) has been 62 

reported in adults. 63 

What does this article add to our knowledge? 64 

• sIgE to Ara h 2 and 6 have equally high discriminative ability in adults.  65 

• The validated Ara h 2 cutoff predicts peanut allergy in one-third of adults. 66 

How does this study impact current management guidelines? 67 

• sIgE to Ara h 2 should be used to reduce the need for double-blind placebo-controlled 68 

food challenges using the validated 100% positive predictive cutoff level of ≥1.75 kUA/L 69 

in adults.  70 
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INTRODUCTION 89 

Peanut allergy affects up to 0.60% of adults in Europe.(1–3) The reference standard to 90 

diagnose or exclude peanut allergy is a double-blind placebo-controlled food challenge 91 

(DBPCFC).(4) However, a DBPCFC is time-consuming, labor-intensive, costly and not without 92 

risks because of the potential for severe allergic reactions including anaphylaxis.(5) Given these 93 

limitations, new diagnostic strategies have been evaluated that could reduce the number of 94 

DBPCFCs.(6) 95 

 96 

Serology tests may be used to reduce the number of DBPCFCs when validated cutoff levels are 97 

used.(7–9) Sensitization to peanut component allergens (e.g. component-resolved diagnostics) 98 

has emerged as a useful tool to diagnose peanut allergy with increased diagnostic accuracy 99 

compared to sensitization to crude peanut extract or skin prick testing.(8,10–16) Currently, 17 100 

peanut allergens have been described by the World Health Organization and International 101 

Union of Immunological Societies (WHO/IUIS) Allergen Nomenclature Sub-committee.(17) Ara 102 

h 2 and Ara h 6 are seed storage proteins and 2S albumins with highly similar protein 103 

structure(18), and have been recognized as the most important allergens associated with 104 

peanut allergy.(8,10,15) Ara h 7 is a third 2S albumin and is gaining attention as predictor for 105 

peanut allergy.(11) Ara h 1 and Ara h 3 are also seed storage proteins and, together with Ara h 106 

2, have been designated as the major peanut allergens.(19,20) Ara h 8 is a Bet v 1 homologous 107 

pathogenesis-related (PR)-10 protein which cross-sensitizes with major-birch pollen allergen 108 

Bet v 1 in adults.(21) Isolated sensitization to Ara h 8 is associated with mild or no symptoms, 109 

although the role of Ara h 8 in multiple sensitized patients remains unclear.(22) Finally, Ara h 9 110 

is a lipid transfer protein, and a major allergen in the Mediterranean area.(23) 111 

 112 
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Current evidence on cutoff levels for peanut components in adults is limited, as the majority of 113 

research has been conducted in children. Furthermore, validation studies of the diagnostic value 114 

of peanut components are currently lacking. Validation studies are warranted to implement 115 

research findings into daily practice. A previous study performed in our center included 84 116 

adults, and showed that peanut allergy can be predicted with 100% positive predictive value 117 

(PPV) using a sIgE to Ara h 2 cutoff level of  ≥ 1.75 kUA/L.(16) Other recent studies have shown 118 

that the discriminative ability of sIgE to Ara h 6 is comparable to sIgE to Ara h 2.(8,15,24) 119 

Peanut component Ara h 6 has mainly been studied using a multiplex assay as opposed to a 120 

singleplex assay.(14,15,24,25) The results of a multiplex assay are semi-quantitative and 121 

therefore, these results cannot be used to determine cutoff levels.(26)  122 

 123 

In the current study, we aimed to evaluate the diagnostic value of sIgE to peanut extract, Ara h 124 

1, 2, 3, 6 and 8, and combinations, using a singleplex assay in adults with suspected peanut 125 

allergy. Furthermore, we aimed to validate the previously published cutoff level of sIgE to Ara h 126 

2 with 100% positive predictive value (i.e. ≥ 1.75 kUA/L).   127 
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METHODS 128 

Study population 129 

All 84 adult patients who participated in the previous diagnostic study and underwent a double-130 

blind placebo-controlled food challenge (DBPCFC) for peanut at the University Medical Centre 131 

Utrecht between 2002 and June 2012 were eligible for inclusion.(16) Furthermore, we expanded 132 

the cohort with patients who underwent a DBPCFC for peanut between June 2012 and May 133 

2019 (n=120). The DBPCFC was performed because of a suspected peanut allergy based on 134 

clinical history or sensitization. Patients with an inconclusive DBPCFC result (n=18) or without 135 

leftover serum (n=32) were excluded from the analysis. Included and excluded patients were 136 

comparable in age, gender, presence of allergic rhinitis, severity of peanut allergy and levels of 137 

sIgE to peanut extract and components (see Online Repository Table E1). The previous and 138 

current study were approved by the ethical committee of the University Medical Center Utrecht 139 

(no. 18-428). 140 

 141 

Oral food challenges 142 

DBPCFCs were performed in a clinical setting equipped for resuscitation in accordance with the 143 

international consensus protocol as previously described.(27–29) The DBPCFC result was 144 

considered positive when objective symptoms occurred (“positive objective”), or when subjective 145 

symptoms lasted for at least 45 minutes, or occurred to at least 3 subsequent doses (“positive 146 

subjective”). The severity of the DBPCFC was based on the adapted Mueller score: 0. oral 147 

symptoms, 1. cutaneous symptoms, 2. gastrointestinal symptoms, 3. respiratory symptoms and 148 

4. cardiovascular symptoms.(16,30) Both the results and the severity of the DBPCFC was 149 

discussed among two food allergy experts (HK, TL). Any discrepancies between the two experts 150 

were resolved by discussion and consensus, or by consulting a third expert (FE), if necessary.   151 

 152 
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Sensitization (sIgE) measurements 153 

Specific IgE (sIgE) values to peanut extract and peanut components Ara h 1, 2, 3, 6 and 8 were 154 

determined using the ImmunoCAP platform (Thermo Fisher Scientific Uppsala, Sweden). In the 155 

previous diagnostic study, sIgE to peanut extract, Ara h 1, 2, 3 and 8 was already measured in 156 

all patients (n=84). In these patients Ara h 6 was determined as part of the current study in 157 

those with available leftover serum (n=48). In all newly included (n = 70) patients, we 158 

determined Ara h 1, 2, 3, 6 and 8. 159 

In peanut allergic patients without sensitization to peanut components or peanut extract as 160 

measured using the ImmunoCAP platform, sensitization to Ara h 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 14 161 

and 15 was assessed using a line blot (EUROLINE, EUROIMMUN, Lübeck, Germany) as 162 

described elsewhere.(11) 163 

 164 

Statistical analyses 165 

The differences between patients with a positive and a negative DBPCFC result were analyzed 166 

using the chi-square test and Mann-Whitney U test, when appropriate. The diagnostic value of 167 

sIgE to peanut extract and peanut components was assessed by the area under the curve 168 

(AUC) of the receiver-operating characteristic (ROC). The AUC values were compared using 169 

DeLong’s test for correlated ROC curves.(31) To evaluate the diagnostic value of all serology 170 

tests combined (i.e. sIgE to peanut extract, Ara h 1, 2, 3, 6 and 8), logistic least absolute 171 

shrinkage and selection operator (LASSO) regression analysis was performed. The LASSO 172 

regression method is based on the regular least-squares method, but includes an additional 173 

parameter λ to prevent overfitting and automatically deletes unnecessary covariates.(32) We 174 

used cross-validation to select λ.  175 

The previously published cutoff level of sIgE to Ara h 2 with 100% positive predictive value 176 

(PPV) was validated by calculating the PPV of this cutoff level (≥ 1.75 kUA/L) in the newly 177 

included patients (43 peanut allergic and 27 peanut tolerant patients). The sample size needed 178 
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to have 95% confidence and 80% power to detect a difference of 5% from a presumed PPV of 179 

98% was 31 cases.(33) In addition, the cutoff levels with optimal positive and negative 180 

predictive values with corresponding sensitivities and specificities were calculated for peanut 181 

extract and all peanut components. Statistical analyses were performed in SPPS for Windows 182 

(version 25.0. Armonk, NY: IMB Corp) and R (pROC package v 1.15.3, randomForest package 183 

v 4.6-14, OptimalCutpoints package v 1.1-4).    184 
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RESULTS 185 

In total, 154 adults were included after a positive (n=95) or a negative (n=59) DBPCFC result.  186 

A positive DBPCFC result was based on objective symptoms in 69 (73%) patients and on only 187 

subjective symptoms in 26 (27%) patients. Patients with a positive DBPCFC result were 188 

significantly younger compared to patients with a negative DBPCFC result (median age 25 and 189 

34 years, respectively) and had higher levels of sIgE to peanut extract, Ara h 1, 2, 3 and 6 190 

(Table 1). The level of sIgE to Ara h 8 was comparable between patients with a positive and a 191 

negative DBPCFC result.  192 

 193 

Specific IgE to Ara h 2 and Ara h 6 are the best predictors of peanut allergy 194 

The levels of sIgE to peanut extract, Ara h 1, 2, 3 and 8 were available in all 154 patients and 195 

the level of sIgE to Ara h 6 in 118 patients. The diagnostic value of sIgE to peanut extract, Ara h 196 

1, 2, 3 and 8 were comparable in the cohort of 118 and 154 patients (see Online Repository 197 

Table E2). The discriminative abilities of sIgE to Ara h 2 and sIgE to Ara h 6 for predicting 198 

peanut allergy were high and comparable, with an AUC (95% CI) value of 0.85 (0.79-0.91) and 199 

0.85 (0.79-0.92), respectively (Figure 1A). The discriminative ability of the combination of sIgE 200 

to Ara h 2 and 6 was comparable to the individual components, with an AUC (95% CI) of 0.85 201 

(0.78-0.92). The AUC values of sIgE to Ara h 2 and Ara h 6 were significantly higher than the 202 

AUC values of sIgE to peanut extract, Ara h 1, Ara h 3 and Ara h 8 (see Online Repository 203 

Table E3). When serology tests were used to predict peanut allergy with objective symptoms, 204 

the AUC values of sIgE to Ara h 2 and Ara h 6 increased slightly to respectively 0.90 (0.85-0.95) 205 

and 0.90 (0.84-0.96) (Figure 1B). The concentrations of sIgE to Ara h 2 and Ara h 6 were 206 

strongly correlated (Spearman’s rho correlation coefficient 0.93; p<0.01). The concentration of 207 

sIgE to Ara h 2 was weakly correlated with the eliciting dose of objective symptoms 208 

(Spearman’s rho correlation coefficient 0.30; p=0.04), while the concentration of sIgE to Ara h 6 209 

was not correlated with the eliciting dose.   210 
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The final covariates included in the LASSO model for predicting peanut allergy were sIgE to Ara 211 

h 1 and Ara h 6, with Ara h 6 as the most influential predictor. The AUC-value of the LASSO 212 

model was 0.85 (0.78-0.92). 213 

 214 

The Ara h 2 cutoff level with 100% positive predictive value is validated 215 

A previous study performed in our center, including 84 adults, showed that peanut allergy can 216 

be diagnosed in 28% of patients by using a sIgE to Ara h 2 cutoff level with 100% positive 217 

predictive value (PPV) of  ≥ 1.75 kUA/L.(16) In the expanded cohort, including 84 adults from the 218 

previous study and 70 adults who were challenged after the first study, this cutoff level has 219 

again 100% positive predictive value (Table 2). Thus, we were able to confirm the previously 220 

published cutoff level of Ara h 2 in a larger group of adult patients. Thirty-two percent of patients 221 

had an Ara h 2 value above the validated cutoff level and could be predicted correctly as peanut 222 

allergic. Eighty-eight percent of patients above the Ara h 2 cutoff level had a positive DBPCFC 223 

result with objective symptoms. The optimal Ara h 2 cutoff level with 100% PPV in patients who 224 

were not part of the previous diagnostic study (n=70) was ≥ 0.43 kUA/L. Six patients had an Ara 225 

h 2 level between 0.43 kUA/L and 1.74 kUA/L and were all peanut allergic (4 with objective 226 

symptoms and 2 with subjective symptoms). 227 

 228 

Cutoff levels for Ara h 6 and other peanut components 229 

The Ara h 6 cutoff level with 100% PPV was ≥ 1.80 kUA/L, comparable to the Ara h 2 cutoff level 230 

(Table 2). Twenty-eight percent of patients had an Ara h 6 value above this cutoff level and 231 

could be predicted correctly as peanut allergic. The highest NPVs were observed for Ara h 6 232 

and Ara h 8 at a cutoff of 0.1 kUA/L and were 81% and 88%, respectively. The NPVs for sIgE to 233 

peanut extract, Ara h 1, Ara h 2 and Ara h 3 (at a cut off of 0.1 kUA/L) were 78%, 58%, 79% and 234 

62%, respectively.  235 

 236 
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Higher titers in patients with objective symptoms  237 

Figure 2 shows the percentage of patients with and without sensitization (cutoff 0.10 kUA/L) to 238 

peanut components and peanut extract per DBPCFC result (i.e. positive with objective 239 

symptoms, positive with subjective symptoms and negative) and the titers of sensitization. 240 

Patients with a positive DBPCFC result with objective symptoms recognized Ara h 1, 2, 3 and 6 241 

more often and had a higher titer compared to patients with subjective symptoms or a negative 242 

DBPCFC result. A large proportion of patients recognized Ara h 8 (75%) and peanut extract 243 

(89%), irrespective of the DBPCFC result.  244 

 245 

Peanut allergic patients without sensitization to Ara h 1, 2, 3 and 6 246 

In 16 (17%) patients with a positive DBPCFC result we did not detect sensitization to Ara h 1, 2, 247 

3 and 6 (Figure 3). Five of 16 patients had objective symptoms Mueller grade 3 during the 248 

DBPCFC. Peanut allergic patients with undetectable sensitization to Ara h 1, 2, 3 and 6 were 249 

sensitized to Ara h 8 and peanut extract (n=8), to Ara h 8 only (n=2), to peanut extract only 250 

(n=2) or were not sensitized to peanut extract or any of the peanut components (n=4).  251 

 252 

Additional diagnostic testing on a line blot (EUROLINE) was performed, measuring Ara h 1, 2, 3, 253 

5, 6, 7, 8, 9, 10, 11, 14 and 15, in 14 of 16 patients with leftover serum available after the 254 

ImmunoCAP measurements. Again, no sensitization to Ara h 1, 2, 3 or 6 was measured on the 255 

line blot. Furthermore, all patients were tested negative to Ara h 5, 7, 10, 11, 14 and 15. Two 256 

patients were sensitized to Ara h 9 (patient ID 3 and ID 14 in Figure 3) on the line blot. 257 
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DISCUSSION 258 

In the current study, we showed that Ara h 2 and Ara h 6 are the best predictors of peanut 259 

allergy in adults with suspected peanut allergy. Our validated Ara h 2 cutoff level with 100% 260 

positive predictive value (PPV) (cutoff ≥ 1.75 kUA/L) can be used to accurately predict peanut 261 

allergy in one-third of patients. Furthermore, we were the first to investigate the diagnostic value 262 

of sIgE to Ara h 6 using a singleplex assay in adults and were able to identify a cutoff level of 263 

Ara h 6 with 100% PPV (cutoff ≥ 1.80 kUA/L), again applicable to almost one-third of patients. 264 

 265 

Our results are in line with previous research that identified Ara h 2 and Ara h 6 as the best 266 

predictors of peanut allergy.(8,14,15) The AUC value of sIgE to Ara h 2 was lower in our study 267 

in adults (AUC 0.85) compared to the AUC values reported in studies in children (AUC 0.90-268 

0.96).(14,34) In addition, we observed a lower cutoff level of Ara h 2 with 100% PPV (cutoff ≥ 269 

1.75 kUA/L) compared to children (cutoff 4.0-5.0 kUA/L).(8,35) The Ara h 2 cutoff with 100% PPV 270 

was even lower in the subset of patients who were not part of the previous diagnostic study and 271 

underwent a DBPCFC between 2012 and 2019 (cutoff ≥ 0.43 kUA/L). This disparity could not be 272 

explained by differences in age, sex, sensitization levels or DBPCFC outcome (i.e. allergy 273 

versus tolerance) between both cohorts or by differences in the ratio of specific to total IgE (data 274 

not shown). The AUC value of sIgE to Ara h 6 using a singleplex assay in our study (AUC 0.85) 275 

was comparable to the AUC value of sIgE to Ara h 6 using a multiplex assay in adults (AUC 276 

0.82), but lower than observed in children using a multiplex assay (AUC 0.98).(14,15) The lower 277 

diagnostic value of peanut components in adults compared to children could be explained by 278 

the higher proportion of birch pollen-related peanut allergy in adults. In patients with birch pollen 279 

allergy, cross-sensitization of Ara h 8 with major birch pollen allergen Bet v 1 occurs and these 280 

patients have mainly mild or subjective symptoms after peanut ingestion, making it more difficult 281 

to discriminate between presence and absence of allergy.(12,14,16) As shown in the current 282 
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study, adult peanut allergic patients with subjective symptoms were less often sensitized to Ara 283 

h 2 and Ara h 6 and had lower titers, resulting in a lower diagnostic value. Further insight into 284 

the levels of IgE sensitization over time, from childhood to adulthood, could contribute to a 285 

better understanding of the differences between children and adults.  286 

 287 

The concentrations of sIgE to Ara h 2 and Ara h 6 were highly correlated in our and previous 288 

studies.(36,37, 38) In addition, the combination of Ara h 2 and 6 did not improve the diagnostic 289 

accuracy in the current study. The extensive overlap in sIgE reactivity and comparable 290 

diagnostic accuracy, indicate that ImmunoCAP results for either Ara h 2 or Ara h 6 are sufficient 291 

in the diagnostic work-up of a suspected peanut allergy in adults. Multivariable analyses 292 

revealed that a combination of Ara h 1 and Ara h 6 had the highest diagnostic accuracy, with an 293 

AUC comparable to those of Ara h 2 and Ara h 6 alone, despite regularization (i.e. shrinkage of 294 

the coefficients) (AUC 0.85). At present, however, we recommend using sIgE reactivity to 295 

peanut component Ara h 2 in daily practice, as the cutoff level is validated in the current study, 296 

implementation in daily practice is straightforward, and interpretation of sIgE-levels to one 297 

peanut component is more intuitive than of a clinical prediction rule based on the Lasso model. 298 

Moreover, a recent study in children showed that Ara h 2 is likely the dominant allergen despite 299 

similarities with Ara h 6(38).  300 

 301 

Thirty-two percent of patients could be classified correctly as peanut allergic when using the 302 

validated cutoff level of sIgE to Ara h 2 with 100% positive predictive value (PPV) (cutoff ≥ 1.75 303 

kUA/L). This cutoff level of Ara h 2 could be used in daily clinical practice to select patients for 304 

oral food challenges. In patients with an Ara h 2 level above the cutoff level, peanut allergy is 305 

diagnosed with (almost) 100% accuracy without an oral food challenge. In these patients, a 1-306 

day oral food challenge may still be performed, in accordance with the patient and physician 307 

preference, to assess the severity of the allergic reaction and the eliciting dose. In patients with 308 
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an Ara h 2 level below the cutoff level, peanut allergic status cannot be predicted. In these 309 

patients, a 2-day double-blind placebo-controlled food challenge is needed to confirm or exclude 310 

peanut allergy (see Online Repository Figure E1).  311 

 312 

It must be noted that sIgE to Ara h 2 and Ara h 6 cannot be used to rule out peanut allergy in 313 

adults. In 16 peanut allergic patients (17%) in our cohort we did not detect sensitization to Ara h 314 

2 and Ara h 6, nor for Ara h 1 or Ara h 3. In these patients, sensitization to peanut allergens 315 

might not have been detected by the ImmunoCAP platform or peanut allergy might have been 316 

caused by sensitization to other peanut components. Therefore, a different diagnostic testing 317 

modality was used to test a large number of peanut components (Ara h 1, 2, 3, 5, 6, 7, 8, 9, 10, 318 

11, 14 and 15), resulting in 2 of 16 patients recognizing Ara h 9. Ten of 16 (63%) patients were 319 

sensitized to the birch pollen related allergen Ara h 8, and 3 of these 10 patients that only 320 

recognized Ara h 8 experienced objective respiratory symptoms during the double-blind 321 

placebo-controlled food challenge (DBPCFC). However, the sensitization rate to Ara h 8 in 322 

peanut-tolerant patients was comparable (64%), thus sIgE to Ara h 8 was not predictive of 323 

clinical reactivity to peanut. A comparable frequency (18%) of allergic patients with negative 324 

serology tests, including Ara h 1, 2, 3 and 6, was reported in peanut allergic patients in the 325 

EuroPrevall study.(36) The authors hypothesized that peanut oleosins may have caused allergic 326 

reactions in these patients. Interestingly, all peanut allergic patients with negative Ara h 1, 2, 3 327 

and 6 results in our study were tested negative to peanut oleosins (i.e. Ara h 10, 11, 14 and 15). 328 

Thus, peanut allergy in non-sensitized patients as detected in this and previous studies might be 329 

caused by sensitization to thus far unidentified peanut components.  330 

 331 

A limitation of our study was that we only included patients with a conclusive DBPCFC result, 332 

and with leftover serum available from a tertiary center. However, we believe our sample was a 333 

representative sample as we did not observe significant differences between included and 334 
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excluded patients. Furthermore, the percentage of positive DBPCFCs in our study (62%) was 335 

comparable to other studies (43-66%).(16, 39,40) Strengths of our study were that we included 336 

a large cohort of adult patients who all underwent a standardized DBPCFC for peanut allergy, 337 

we measured a large number of peanut components, we performed a validation of our previous 338 

results and were able to confirm these findings.(16)  339 

 340 

In conclusion, we showed that specific IgE to Ara h 2 and Ara h 6 are the best predictors of 341 

peanut allergy in adults. Furthermore, we validated our previously published Ara h 2 cutoff level 342 

with 100% positive predictive value. The validated Ara h 2 cutoff level should be implemented in 343 

daily practice to reduce the need for double-blind placebo-controlled food challenges, as all 344 

adults with an Ara h 2 ≥ 1.75 kUA/L were peanut allergic.   345 
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FIGURE LEGENDS 475 

Figure 1. ROC-curves of serology tests to predict a positive DBPCFC result (A) or a positive 476 

DBPCFC result with objective symptoms (B) 477 

 478 

The Lasso model included sIgE to Ara h 1 and Ara h 6 to predict peanut allergy (A) and sIgE to 479 

peanut extract, Ara h 1, Ara h 6 and Ara h 8 to predict peanut allergy with objective symptoms 480 

(B). 481 

Abbreviations: AUC, area under the curve; CI, confidence interval; DBPCFC, double-blind 482 

placebo-controlled food challenge; n, number; ROC, receiver-operating characteristic.  483 

 484 

Figure 2. Percentage of patients with sensitization to peanut extract or peanut components and 485 

titers of sensitization, per DBPCFC result  486 

 487 

The percentage of patients is shown is blue bars and the median (interquartile range) titers of 488 

sIgE are displayed in the center of the bars in black color. Sensitization is defined as a value of 489 

≥ 0.10 kUA/L. Specific IgE titers are displayed on logarithmic scales (base 10). 490 

Abbreviations: DBPCFC, double-blind placebo-controlled food challenge; sIgE, specific IgE.  491 

 492 

Figure 3. Sensitization pattern in 16 peanut allergic patients without sensitization to Ara h 2 and 493 

Ara h 6 494 

 495 

†Symptoms during the oral food challenge: S, subjective; O, objective. 496 

‡Severity of symptoms during the oral food challenge based on the Mueller score with 0. Oral 497 

symptoms, 2. Gastro-intestinal symptoms and 3. Respiratory symptoms.(16,30) 498 

Abbreviations: ID, patient number; O, objective; S, subjective; Sev, severity; Sym, symptoms. 499 
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TABLES 500 

Table 1. Characteristics of participating patients and details of double-blind placebo-controlled 501 

food challenges 502 

 Total Positive 
DBPCFC result 

Negative 
DBPCFC result 

P value 

 154 95 (62) 59 (38)  
Age, median (IQR) 27 (22-38) 25 (21-31) 34 (24-43) <0.0005 
Male gender 52 (34) 35 (37) 17 (29) 0.306 
Allergic rhinitis† 69 (45) 30 (32) 22 (37) 0.236 
Sensitization, median (IQR)     

sIgE peanut extract 1.65 (0.35-11.05) 6.20 (0.72-23.70) 0.44 (0.16-1.65) <0.0005 
sIgE Ara h 1 0.02 (0.00-0.61) 0.10 (0.01-7.58) 0.00 (0.00-0.03) <0.0005 
sIgE Ara h 2 0.16 (0.03-3.50) 2.20 (1.14-10.00) 0.03 (0.00-0.08) <0.0005 
sIgE Ara h 3 0.03 (0.01-0.18) 0.07 (0.01-0.92) 0.01 (0.00-0.03) <0.0005 
sIgE Ara h 6‡ 0.07 (0.00-3.14) 1.37 (0.08-9.50) 0.00 (0.00-0.03) <0.0005 
sIgE Ara h 8 2.02 (0.11-8.57) 2.05 (0.24-8.70) 1.50 (0.03-8.53) 0.198 

DBPCFC period    0.952 
2003-2012 84 (55) 52 (55) 32 (54)  
2012-2019 70 (45) 43 (45) 27 (46)  

DBPCFC result    NA 
Positive objective 69 (45) 69 (73) NA  
Positive subjective 26 (17) 26 (27) NA  
Negative 59 (38) NA 59 (100)  

Severity positive DBPCFC 
result§ 

   NA 

Mueller 0 15 (16) 15 (16) NA  
Mueller 1  16 (17) 16 (17) NA  
Mueller 2  32 (34) 32 (34) NA  
Mueller 3  28 (29) 28 (29) NA  
Mueller 4 2 (2) 2 (2) NA  

Value are n (%) unless otherwise indicated.  503 

†Missing data n=85 504 

‡Missing data n=36 505 

§Missing data n=1. Severity of symptoms during the oral food challenge based on the Mueller 506 

score with 0. oral symptoms, 1. cutaneous symptoms, 2. gastrointestinal symptoms, 3. 507 

respiratory symptoms and 4. cardiovascular symptoms.(16,30) 508 

Abbreviations: DBPCFC, double-blind placebo-controlled food challenge; NA, not applicable; 509 

sIgE, specific IgE.  510 
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Table 2. Validation of sIgE to Ara h 2 cutoff level and cutoff levels with optimal positive and negative predictive values  511 

 n Cutoff PPV  NPV Sens Spec 
  kUA/L % (N/D)† % (N/D) ‡ % (N/D)§ % (N/D)* 

Validation        

sIgE to Ara  h 2 70 1.75 100 (25/25) 60 (27/45) 58 (25/43) 100 (27/27) 
 Optimal PPV cutoff levels   

sIgE to Ara h 2 154 1.75 100 (49/49) 56 (59/105) 52 (49/95) 100 (59/59) 

sIgE to Ara h 6 118 1.80 100 (33/33) 55 (47/85) 46 (33/71) 100 (47/47) 

sIgE to Ara h 1 154 2.47 100 (34/34) 49 (59/120) 36 (34/95) 100 (59/59) 

sIgE to Ara h 3 154 0.88 100 (25/25) 46 (59/129) 2625 (95) 100 (59/59) 

sIgE to Ara h 8 154 100 100 (1/1) 39 (59/153) 1 (1/95) 100 (59/59) 

sIgE to peanut extract 154 15.10 100 (32/32) 48 (59/122) 34 (32/95) 100 (59/59) 
 Optimal NPV cutoff levels 

sIgE to Ara h 2 154 0.02 71 (89/126) 79 (22/28) 94 (89/95) 37 (22/59) 

sIgE to Ara h 6 118 0.04 86 (56/65) 72 (38/53) 79 (56/71) 81 (38/47) 

sIgE to Ara h 1 154 0.05 89 (57/64) 58 (52/90) 60 (57/95) 88 (52/59) 

sIgE to Ara h 3 154 0.01 67 (84/125) 62 (18/29) 88 (84/95) 31 (18/59) 

sIgE to Ara h 8 154 0.01 64 (94/146) 88 (7/8) 99 (94/95) 12 (7/59) 

sIgE to peanut extract 154 0.11 68 (94/139) 78 (14/18) 96 (94/98) 24 (14/59) 
† Numerator: TP, denominator: TP + FP. ‡ Numerator: TN, denominator: TN + FN. § Numerator: TP, denominator: TP + FN. 512 

* Numerator: TN, denominator: TN + FP.   513 

Abbreviations: D, denominator; FN, false negative results; FP, false positive results; n, number of patients included; N, numerator; 514 

NPV, negative predictive value; PPV, positive predictive value; Sens, sensitivity; sIgE, specific IgE; Spec, specificity; TN, true 515 

negative results; TP, true positive results.  516 
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Table E1. Baseline characteristics of included and excluded patients. 

 Included Excluded   
  

154 (75) 
 
50 (25) 

n 
available P value 

Age, mean (SD) 27 (22-38) 24.5 (20.3-31) 32 0.055 
Male gender 52 (34) 19 (38) 50 0.585 
Allergic rhinitis† 52 (75) 11 (73) 15 0.869 
Sensitization, median (IQR)     

sIgE peanut 1.65 (0.35-11.05) 2.35 (0.71-22.40) 23 0.377 
sIgE Ara h 1 0.02 (0.00-0.61) 0.00 (0.00-0.01) 4 - 
sIgE Ara h 2 0.16 (0.03-3.50) 0.38 (0.00-1.37) 19 0.424 
sIgE Ara h 3 0.03 (0.01-0.18) 0.00 (0.00-0.01) 4 - 
sIgE Ara h 6 0.07 (0.00-3.14) 0.02 (0.00-0.53) 6 - 
sIgE Ara h 8 2.02 (0.11-8.57) 1.23 (0.01-8.75) 18 0.428 

DBPCFC result‡   50 <0.0005 
Positive  95 (62) 20 (40)   
Inconclusive 0 18 (36)   
Negative 59 (38) 12 (24)  0.213 

Severity positive DBPCFC 
result 

  11  

Mueller 0 15 (16) 2 (18)   
Mueller 1 16 (17) 2 (18)   
Mueller 2 32 (34) 7 (64)   
Mueller 3 28 (30) 0   
Mueller 4 2 (2) 0   

Values are n (%) unless otherwise indicated.  

†Missing data included patients n=85 

‡One of the reasons for exclusion was an inconclusive DBCPFC result. The proportion of 

positive and negative DBPCFC results were comparable between groups (p=0.931). 

§Missing data included patients n=2. Severity of symptoms during the oral food challenge based 

on the Mueller score with 0. oral symptoms, 1. cutaneous symptoms, 2. gastrointestinal 

symptoms, 3. respiratory symptoms and 4. cardiovascular symptoms.(16,30) 

Abbreviations: DBPCFC, double-blind placebo-controlled food challenge; IQR, interquartile 

range; SD, standard deviation; sIgE, specific IgE.   
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Table E2. Diagnostic value of peanut components in subset of cohort with available sIgE to Ara 

h 6 (n=118) 

 AUC (95% CI) 
sIgE extract 0.76 (0.68-0.85) 

sIgE Ara h 1 0.76 (0.68-0.84) 

sIgE Ara h 2 0.85 (0.78-0.92) 

sIgE Ara h 3 0.75 (0.67-0.84)  

sIgE Ara h 8 0.57 (0.46-0.68) 
 

Abbreviations: AUC, area under the curve; CI, confidence interval; sIgE, specific IgE. 
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Table E3. DeLong’s test for comparing two ROC curves 

 sIgE  
Ara h 6 

sIgE 
extract 

sIgE  
Ara h 1 

sIgE  
Ara h 3 

sIgE 
Ara h 8 

sIgE Ara h 2 0.87 0.02 <0.01 <0.01 <0.01 
sIgE Ara h 6  0.02 <0.01 <0.01 <0.01 
sIgE extract   0.61 0.56 <0.01 
sIgE Ara h 1    0.93 <0.01 
sIgE Ara h 3     <0.01 
sIgE Ara h 8      

Data are p-values corrected for multiple testing using the Benjamini-Hochberg procedure. 

Significant p-values are in boldface. 
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Figure legends 

Figure E1.  Diagnostic flowchart for adults with suspected peanut allergy 

Abbreviations: DBPCFC, double-blind placebo-controlled food challenge; OFC, oral food 

challenge. 
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