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Abstract 70 

 71 

Background: Food allergies are a significant public health issue and the only effective management 72 

option currently available is strict avoidance of all foods containing the allergen. In view of the practical 73 

impossibility to limit risks to zero, quantitative allergen risk assessment and management strategies are 74 

needed. 75 

 76 

Objective: To develop appropriate methods for informing population-based risk assessments and risk 77 

management programs to benefit all stakeholders, but particularly food allergic individuals. 78 

 79 

Methods: Individual thresholds for food allergens (maximum tolerable doses and minimum eliciting 80 

doses) can ideally be established through double-blind, placebo-controlled food challenges (DBPCFCs). If 81 

DBPCFC data is not available, data from widely used “open” food challenges (OFCs) using pre-defined 82 

objective criteria can also provide useful data regarding minimum eliciting doses. 83 

 84 

For more than 20 years, the Netherlands Organisation for Applied Scientific Research (TNO) and The 85 

Food Allergy Research and Resource Program (FARRP) at the University of Nebraska-Lincoln have been 86 

collecting individual maximum tolerable doses and minimum eliciting doses that produce objective 87 

symptoms from published and unpublished clinical data to better refine knowledge regarding the 88 

sensitivity of the population to food allergens.  89 

 90 

Results: In this paper we provide in depth insights into the methodology applied by TNO and FARRP to 91 

derive individual maximum tolerable doses and minimum eliciting doses for objective symptoms from 92 

clinical food challenge data. Over 90 examples for determining the individual allergic thresholds are 93 

presented.  94 

 95 

Conclusion: With the methodology presented in this paper, we aim to stimulate harmonization and 96 

transparency in quantitative food allergen risk assessment and risk management programs, encouraging 97 

their wider adoption.  98 

 99 

Key Messages 100 

 This study presents an in depth insight into the methodology to derive individual threshold 101 

doses for objective symptoms from clinical food challenge data. 102 

 Over 90 examples for determining the individual allergic thresholds are presented.  103 

 Harmonized, transparent individual threshold derivation methods will lead to better food 104 

allergen risk assessment and risk management programs.  105 

 106 

Capsule Summary 107 

This study presents methods to derive individual threshold doses for objective symptoms from clinical 108 

food challenge data, with pertinent examples. Wide adoption of this methodology would enable 109 

harmonized, transparent population risk assessment of food allergens.  110 

 111 

Key Words 112 

Food Allergy; food challenge; DBPCFC; threshold; eliciting dose; Risk Assessment; risk management; 113 

decision-making process; NOAEL-LOAEL derivation  114 
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 115 

Abbreviations 116 

ATBD: Food Allergen Threshold Database  117 

DBPCFC: double-blind, placebo-controlled food challenges 118 

ED: population-based eliciting dose  119 

FARRP: The Food Allergy Research and Resource Program (FARRP) 120 

iFAAM: Integrated Approaches To Food Allergen and Allergy Management 121 

LOAEL: lowest observed adverse effect level 122 

NOAEL: no observed adverse effect level 123 

MED: minimum eliciting dose 124 

OAS: oral allergy syndrome 125 

OFC: unblinded “open” food challenge 126 

TNO: The Netherlands Organisation for Applied Scientific Research  127 
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1 Introduction 128 

Food allergies are a significant public health issue, with accumulating evidence that they are increasing 129 

in prevalence.1 Currently, the only effective risk management option available for food allergic patients 130 

is strict avoidance of all foods that contain the allergen. Therefore correct labeling of allergenic foods, 131 

beyond simple ingredient labelling, is critical to the implementation of safe and effective dietary 132 

avoidance. In the absence of guidance from public health authorities regarding precautionary allergen 133 

labelling (PAL) thresholds, application of such ‘‘may contain’’ labelling remains inconsistent and sporadic 134 

across the industry.2–4 If clear thresholds were available to guide industry, which were acceptable to 135 

regulatory authorities, then this could lead in a clear reduction in the need for PAL and improve their 136 

utility to allergic consumers.5,6 137 

 138 

To perform quantitative population risk assessment and create population risk management programs, 139 

population-based threshold dose distributions for the different food allergens are a prerequisite. 140 

Population-based threshold dose distributions are developed by using individual maximum tolerable 141 

dose and minimum eliciting dose data collected from clinical food challenges which can be analyzed 142 

using population dose distribution models.7,8 These data can then be utilized for developing industry 143 

wide risk management programs, such as the quantitative reference dose recommendations as 144 

elaborated by the VITAL Scientific Expert Panel2 and for broader quantitative risk assessment.4,9,10  145 

 146 

Individual threshold levels in food-allergic subjects (minimum eliciting dose, MED), may be obtained 147 

from standardized double-blind, placebo-controlled food challenges (DBPCFC) widely used in research 148 

practice and some clinical environments.11 Less optimal unblinded “open” food challenges (OFC) are 149 

more widely used in clinics to confirm clinical reactivity or tolerance. If DBPCFC data is not available, 150 

OFCs using pre-defined objective criteria can also provide useful data regarding minimum eliciting 151 

doses. Individual thresholds for allergenic foods  can be established during a DBPCFC based on the first 152 

observation of the development of objective symptoms.12 A subject is challenged to increasing allergen 153 

doses during a DBPCFC. The initial point at which objective symptoms start to occur at a specific dose, is 154 

designated the lowest observed adverse effect level (LOAEL). The highest dose that does not lead to 155 

objective symptoms is designated the no observed adverse effect level (NOAEL).  However, in reality, 156 

food challenges and the occurrence or interpretation of clear, clinically unequivocal challenge-stopping 157 

symptoms are seldom straightforward. Symptoms can be transient in nature, appearing and 158 

disappearing again, or symptoms can be subjective and need to be confirmed over multiple doses. 159 

Additionally, the interpretation of the individual’s subjective and objective symptoms and their severity 160 

depends on the experience of the clinical investigator conducting the food challenges, as well as the 161 

prior experience of the patient who may have undergone more than one prior food challenge.13,14 As 162 

such, clinical (non-research) challenge protocols can deviate from the standard dosing scheme to 163 

include repeated doses to confirm symptoms while others will skip doses based on a patient’s history or 164 

give partial doses in certain scenarios. Other ‘real world’ legitimate factors, such as parental concern 165 

and desire to stop the challenge, may also affect the outcome of a food challenge.15,16 A DBPCFC is also a 166 

typical clinical diagnostic tool to rule in/out the presence of a clinical allergy, which would not aim 167 

specifically/only to identify the individual’s maximum tolerable dose and minimum eliciting dose in 168 

relation to certain symptoms. However, some guidelines do suggest that a food challenge can be used to 169 

establish an individual’s maximum tolerable dose and minimum eliciting dose and some clinics do this 170 

routinely. Therefore, in order to enable the combination of MED data from different sources in a 171 
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consistent manner, it is crucial to have a clear set of criteria for interpreting the resulting NOAELs and 172 

LOAELs from individual food challenge data for the purposes of developing population-based threshold 173 

dose distributions and applying them to larger risk management programs.  174 

 175 

The aim of this paper is to provide in depth insight into the methodology developed and applied by The 176 

Netherlands Organisation for Applied Scientific Research (TNO) and The Food Allergy Research and 177 

Resource Program (FARRP) at the University of Nebraska-Lincoln to derive individual threshold doses for 178 

objective symptoms from clinical food challenge data in their joint Food Allergen Threshold Database 179 

(ATDB). These individual threshold data points then form the input that is fitted using parametric 180 

models and the resulting model-based prediction of population-based threshold dose distributions for 181 

different allergenic foods. The decision-making process and NOAEL-LOAEL derivation for risk 182 

management purposes are described in sections focused on study/data inclusion criteria, allergic 183 

symptoms taken into consideration during analysis, overarching clinical scenarios observed during food 184 

challenges and insights into how to derive a NOAEL-LOAEL when symptoms were observed at multiple 185 

doses. Each section is further explained below with detailed examples included.  186 

 187 

2 Inclusion criteria and basic principles 188 

Publications and unpublished clinical data were selected for the ATDB based upon previously described 189 

criteria.2,8 In short, data from DBPCFCs were included if they started at low-doses (<1 mg ideal, with <10 190 

mg or <100 mg also used with exceptions depending on the type of allergen and amount of available 191 

data) and if the authors/clinics clearly reported the dosing scheme used, indicated if/when repeated 192 

doses were used, detailed the challenge material and reported the symptoms in an individual fashion or 193 

reported a grouped symptom classification with a clear separation between objective and subjective 194 

symptoms. Additionally, data were included from study protocols using different time intervals between 195 

doses (15-30 minutes on average, up to 2 hours between doses). Publications were also used if some 196 

but not all reported individuals had data available in the desired format. Due to some extremely high 197 

dose labial challenges, DBPCFCs starting with a positive labial challenge were excluded, and protocols 198 

beginning with labial challenges were discouraged unless the exact labial dose could be verified and it 199 

could be safely assumed that the labial dose was smaller than the following ingested doses. Naturally, in 200 

contrast to the inclusion criteria, additional general exclusion criteria included results from DBPCFCs 201 

with extremely high starting doses, if the full dosing scheme was not able to be derived from reported 202 

information, if objective and subjective symptoms were unable to be separated from reported grouped 203 

symptoms, and if the challenge material or protein content could not be derived from the reported 204 

information.  Additionally, data from individuals in food challenge datasets who do not react to any dose 205 

during challenge and were determined to be tolerant were excluded from further threshold 206 

determinations for population risk assessment. 207 

 208 

As a subject is challenged with increasing doses during a DBPCFC, objective symptoms occur and that 209 

specific dose is designated as the lowest observed adverse effect level (LOAEL). The highest dose that 210 

does not lead to objective symptoms (i.e. the immediately preceding step in the progression) is then 211 

designated the no observed adverse effect level (NOAEL). The exact doses (mg) of total protein for 212 

individual subjects’ NOAELs and LOAELs were established based on the dosing scheme and challenge 213 

material form as provided in the publication/clinic (e.g. scrambled whole egg, scrambled egg white, 214 

whole egg powder, egg white powder). Individual NOAELs and LOAELs were also derived from 215 
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summarized group data when only objective symptoms were included in the results and the number of 216 

subjects was clearly stated. In case of ambiguity regarding reported symptom data in the publications of 217 

interest, the corresponding author of a publication or the responsible clinician was contacted by the 218 

researchers for further details. When the challenge doses were reported in amounts of allergenic food 219 

they were converted to mg of total protein of the allergenic food as previously described by Taylor et 220 

al.2 All individual NOAELs and LOAELs were expressed in terms of doses (mg) of total protein of the 221 

allergenic food. 222 

 223 

There are two ways of expressing NOAELs and LOAELs, either in discrete or cumulative fashion. Discrete 224 

values represent the protein amount for each individual dose in the challenge scheme, either NOAEL or 225 

LOAEL, irrespective of all previous doses ingested during the food challenge. In contrast, cumulative 226 

NOAELs and LOAELs take into account the amount of protein of all the preceding doses in the challenge 227 

as well. For example, a simple 4-step dosing scheme with discrete doses of 1, 3, 10, and 30 mg protein 228 

would be reported as cumulative doses of 1, 4, 14, and 44 mg protein. One might assume that a dose-229 

response curve based on discrete doses would be more conservative than when utilizing cumulative 230 

doses, but in practice there is little observed difference between the discrete or cumulative population-231 

based eliciting dose (ED) values predicted to cause reactions in 1% or 5% of the allergic population. 232 

Additionally, due to differences in the shape and scale of the calculated parametric dose-distribution 233 

models fitted to discrete or cumulative data points, curves with steeper slopes can lead to predicted 234 

discrete population ED values that are actually slightly higher than the cumulative population ED values 235 

in the risk management dosing range of interest (i.e. ED01, ED05, lower 95% confidence interval of the 236 

ED05 – the mg protein amount predicted to cause reactions in 1% or 5% of the allergic population).2 237 

However, differences can occur at higher ED values such as the ED50, so the risk management goal 238 

should be considered when choosing discrete or cumulative reporting units. For the purposes of this 239 

study, a distinction between discrete and cumulative reporting units is made when necessary but it is 240 

not the main focus of the study. 241 

 242 

Additionally, there are two different endpoints that should be considered when interpreting data from 243 

food challenges: clear clinical challenge stopping criteria vs the LOAEL for risk assessment and risk 244 

management purposes. Confirming the presence of a clinical food allergy is of extreme importance to a 245 

clinician and the potentially allergic patient, due to the significant impact food allergy avoidance has on 246 

day-to-day life. Thus, situations can arise where challenges are continued after the first appearance of 247 

symptoms, either subjective or objective, until clear challenge stopping criteria (or protocol-defined 248 

stopping criteria) have been met and the allergy is confirmed.16 In these cases, the clinical challenge 249 

stopping dose may be different than the determined LOAEL for population risk assessment and risk 250 

management purposes. Situations of this nature can include, but are not limited to: transient objective 251 

symptoms, objective symptoms continuing from dose to dose, one or multiple doses between objective 252 

symptoms and a lack of objective symptoms. These scenarios and their implications for NOAEL and 253 

LOAEL derivation for risk assessment and risk management purposes are described and discussed later 254 

in the manuscript. 255 

 256 

3 Symptoms 257 

Objective symptoms include any symptom that is externally observable, while subjective symptoms 258 

cannot be confirmed by clinical observers (see Table 1 for a list of possible symptoms).17–22 While Table 1 259 
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is a rather broad list of symptoms, we acknowledge that it is not an exhaustive list and other recorded 260 

subjective or objective symptoms are also possible. Again, the NOAELs and LOAELs for risk assessment 261 

and risk management purposes are derived using only objective symptoms. 262 

 263 

 264 

4 Clinical scenarios during food challenges 265 

Over 3000 individual food challenges (including the data presented in Taylor et al.2 and Allen et al.3) 266 

could be broadly structured into five different clinical scenarios. The five scenarios include the following: 267 

(4.1) when an individual completed the dosing protocol, (4.2) when the challenge was stopped before 268 

the final dose, (4.3) when a challenge included repeated-skipped-partial doses, (4.4) challenges in 269 

infants < 1 year old who display vomiting/emesis/spit-up during challenge and (4.5) challenges in 270 

children < 3 years old who display abdominal pain during challenge. These overarching scenarios formed 271 

the basis of the consensus opinion for the methodologies used when deriving individual NOAELs and 272 

LOAELs for risk assessment and risk management purposes. Below, we describe these scenarios in more 273 

detail.  274 

 275 

4.1 Completed dosing protocol 276 

When objective symptoms only occur at the final dose of the challenge, the final dose is considered the 277 

discrete objective LOAEL and the sum of all doses is considered the cumulative objective LOAEL. The 278 

dose prior to the final dose is considered the NOAEL. If only subjective symptoms are observed 279 

throughout a completed challenge and the subject is considered to be allergic by the clinician’s 280 

judgment, it is not possible to derive the LOAEL. In such cases where only subjective symptoms develop, 281 

the final dose given is considered to be the highest NOAEL and the subject becomes right-censored (i.e., 282 

the LOAEL for objective symptoms is assumed to be greater than the doses received during the 283 

challenge). If the challenge is completed without any symptoms (subjective or objective) at the final 284 

dose the subject is considered to be tolerant. Examples of NOAEL and LOAEL derivation for challenges 285 

with a completed dosing protocol are presented in Table 2. 286 

 287 

For each example illustrated in the present paper, we assume a hypothetical DBPCFC that has a total of 288 

9 dose steps at the following discrete amounts: 1, 3, 10, 30, 100, 300, 1000, 3000 and 10000 mg protein. 289 

Each example in Table 2 could be expressed with different or even multiple symptoms from Table 1. In 290 

the examples that state repeating objective symptoms (Table 2, examples 5-6) or reappearing objective 291 

symptoms (Table 2, from example 11 onward), it should be noted that the objective symptoms at the 292 

different doses do not need to be the same for derivation of the NOAEL and LOAEL.  293 

 294 

4.2 Challenge stopped before completing the dosing protocol 295 

When the challenge is stopped by the clinician’s judgment before the end of the dosing protocol and the 296 

subject is deemed allergic, the objective LOAEL is based on the criteria described below. When the 297 

challenge is ended after the first dose because of objective symptoms, it is not possible to derive the 298 

NOAEL, the LOAEL is set as the first dose ingested and the subject is considered to be left-censored (i.e., 299 

the individual threshold is assumed to be below the first dose received during the challenge). When the 300 

challenge is stopped before completing the dosing protocol due to convincing subjective symptoms, it is 301 

not possible to establish the objective LOAEL and the subject is considered to be right-censored at the 302 
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last given dose (i.e., the LOAEL for objective symptoms is assumed to be greater than the doses received 303 

during the challenge). Examples of NOAEL and LOAEL derivation for challenges that are stopped before 304 

the final dose are presented in Table 3. 305 

 306 

Again, each example in Table 3 could be expressed with different or even multiple symptoms from Table 307 

1. In the examples that state repeating (Table 3, examples 7-8) or reappearing objective symptoms 308 

(Table 3, from example 10 onward), it should be remembered that the objective symptoms at the 309 

different doses do not need to be the same for derivation of the NOAEL and LOAEL.  310 

 311 

4.3 Repeated, skipped and partial doses 312 

A typical DBPCFC involves a subject ingesting increasing doses during the challenge until objective 313 

symptoms manifest. However, sometimes a clinician decides to repeat the previous dose if symptoms 314 

develop which are not convincing. It could be that an individual shows convincing objective symptoms 315 

after the second administration of the same dose and in such case, the discrete NOAEL and the discrete 316 

LOAEL would be the same. Therefore in the case of objective reactions to a repeated dose, the previous 317 

dosing step is selected as the discrete NOAEL, see Table 4 (example 1) for such a case. The cumulative 318 

NOAEL and LOAEL already account for all dosing given during a challenge and thus a repeated dose does 319 

not require special adjustments. Other examples of NOAEL and LOAEL derivation for challenges with 320 

repeated doses can be found in Table 4 (examples 1-6). 321 

 322 

When a subject has a history of reacting to relatively high doses of allergen, it could be that some of the 323 

lower doses or specific intermediate dose steps can be skipped when compared to a clinic’s standard 324 

DBPCFC protocol. Obviously, the cumulative NOAEL and LOAEL are to be established on the basis of the 325 

doses actually given during the food challenge. Examples of NOAEL and LOAEL derivation for challenges 326 

with skipped doses can be found in Table 4 (examples 7-11). 327 

 328 

In other instances a subject may react to a partial dose of the challenge material (i.e., symptoms appear 329 

before the whole portion is consumed). Examples of NOAEL and LOAEL derivation for challenges with 330 

partial doses can be found in Table 4 (examples 12-17). Ideally when a subject reacts to a partial dose, 331 

the amount of remaining challenge material is weighed or estimated so that the proportion of the 332 

intended dose that was ingested can be calculated. The discrete LOAEL is then set at the calculated 333 

amount of protein ingested. In the case that the partial dose leads to a calculated discrete LOAEL that is 334 

less than the previous dose, then the discrete NOAEL will be set at the highest dose level from the 335 

dosing protocol that is lower than the calculated discrete LOAEL. The cumulative LOAEL is set at the total 336 

amount of protein ingested at the objective reaction and the cumulative NOAEL is set at the total 337 

amount of protein ingested up to the previous dose, per standard protocol. In some cases the amount of 338 

remaining challenge material might not have been weighed and while this is not ideal, the individual 339 

could still be included as a right-censored data point since the dose that would elicit objective symptoms 340 

is known to be greater than the last measured and quantified cumulative dose, but the exact amount 341 

given was not quantified. 342 

 343 

For previous examples, an assumed DBPCFC with 9 discrete dose steps was used at the following 344 

discrete amounts: 1, 3, 10, 30, 100, 300, 1000, 3000 and 10000 mg protein. In case of repeated and 345 

partial doses, as explained above special attention should thus be paid to the discrete NOAELs and 346 

LOAELs as they no longer follow the exact dosing protocol. Again, each example in Table 4 could be 347 
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expressed with different or even multiple symptoms from Table 1 and objective symptoms do not need 348 

to be identical at each dose for derivation of the NOAEL and LOAEL.  349 

 350 

4.4 Infants < 1 year old 351 

In general, vomiting in infants less than 1 year of age is not considered an objective symptom.22 Thus, 352 

transient vomiting occurring in the middle of a continued food challenge is not considered in the LOAEL 353 

determination for an infant < 1 year old. However, if the clinician stopped the challenge because of 354 

excessive vomiting then it is judged as an allergic symptom and the objective LOAEL will be based on the 355 

appearance of challenge stopping vomiting. Due to the usually large amount of food/liquid given to an 356 

infant on the final dose, vomiting that occurs solely at the final dose of the challenge is ignored and the 357 

infant is considered tolerant, unless additional (prior or concurrent) symptoms are present.22 For 358 

comparative purposes, examples of NOAEL and LOAEL derivation for challenges with vomiting in 359 

subjects both below and above 1 year of age are presented in Table 5. 360 

 361 

4.5 Children < 3 years old 362 

In children of < 3 years old, abdominal pain is considered an objective symptom.22 This means that when 363 

abdominal pain is reported at a specific dose, the objective LOAEL is based on the criteria described 364 

above. Examples of NOAEL and LOAEL derivation for challenges with abdominal pain in both subjects 365 

below and above 3 years of age are presented in Table 6. 366 

 367 

5 Derivation of NOAEL-LOAEL when objective symptoms were 368 

observed over multiple doses 369 

 370 

5.1 Objective symptoms continue from dose to dose 371 

If a clinician continues dosing and observes objective symptoms after two (or more) consecutive doses 372 

before ending the challenge, then the discrete and cumulative objective LOAELs will be based on the 373 

first occurrence of objective symptoms. The same principle also applies to cases where multiple 374 

consecutive objective symptoms are observed but the challenge ends due to the end of the dosing 375 

protocol. Examples of food challenges with reappearing symptoms as well as with their NOAEL and 376 

LOAEL derivation can be found in Tables 2-6. 377 

 378 

5.2 Transient objective symptoms 379 

In principle, the discrete and cumulative objective LOAELs will be based on the first appearance of 380 

objective symptoms. However, transient objective symptoms may appear and disappear within a single 381 

dosing interval of a food challenge. In the case of transient symptoms, many clinicians will choose to 382 

continue dosing until more stable or more significant symptoms appear for a clear clinical endpoint. 383 

Alternatively, clinicians may elect to wait an additional period of time before administering the next 384 

dose to determine how transient the symptoms truly are. When determining the NOAEL and LOAEL for 385 

population risk assessment and risk management purposes, a single occurrence of a transient objective 386 

symptom before the final dose of the challenge scheme is ignored and the individual is considered 387 

tolerant, provided that no other objective symptoms occur during the remainder of the challenge. When 388 

a single occurrence of a transient objective symptom is considered a reason to stop the challenge, the 389 
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dose at which the symptom occurs is deemed the discrete objective LOAEL and the sum of all doses 390 

given is deemed the cumulative objective LOAEL. Examples of food challenges with transient symptoms 391 

along with their NOAEL and LOAEL derivation can be found in Tables 2-6. 392 

 393 

5.3 Only one dose between objective symptoms 394 

When transient objective symptoms are present and only one single dose occurs without objective 395 

symptoms before the reappearance of symptoms at the next dose, after which the challenge is ended, 396 

the discrete and cumulative objective LOAELs will be based on the first occurrence of objective 397 

symptoms. This principle is applicable to cases where the challenge ends due to the clinician’s judgment 398 

or due to the end of the dosing protocol. Examples of food challenges with transient symptoms with a 399 

single dose between symptoms, along with their NOAEL and LOAEL derivation can be found in Tables 2, 400 

3, 5 and 6. 401 

 402 

5.4 Multiple doses between objective symptoms 403 

When transient objective symptoms are present and multiple doses without objective symptoms occur 404 

before the reappearance of objective symptoms and the challenge being stopped, the discrete objective 405 

LOAELs will be based on the dose at which the objective symptoms reappear. The sum of all doses given 406 

is then designated the cumulative objective LOAEL. This principle is applicable to cases where the 407 

challenge ends due to the clinician’s judgment or due to the end of the dosing protocol. Examples of 408 

food challenges with transient symptoms with multiple doses between objective symptoms, along with 409 

their NOAEL and LOAEL derivation can be found in Tables 2, 3, 5 and 6. 410 

 411 

5.5 Continuous presence of a physical finding/objective symptom 412 

Sometimes, a visible finding such as flush or eczema is consistently present in a subject’s day-to-day life 413 

and in the patient’s constant medical state. Thus the finding is already present before administration of 414 

the first dose of a food challenge, is reported as a background observation throughout the challenge and 415 

thus not attributable to any allergic reaction. In such cases, the background physical finding is present 416 

and not discriminative for deriving a LOAEL. Thus the background physical finding is ignored and other 417 

objective symptoms are required for the derivation of the discrete and cumulative objective LOAELs.  418 

 419 

5.6 Left- or Right-Censored data 420 

It is normal for individuals undergoing a food challenge to react with objective symptoms and signs to an 421 

intermediate dose of the challenge scheme (LOAEL) after ingesting multiple doses with no symptoms. 422 

The highest dose that does not lead to objective symptoms is designated the NOAEL and the data point 423 

would be interval-censored as it has derived both a NOAEL and LOAEL. However, subjects can have 424 

objective symptoms already at the first dose of a DBPCFC, or subjects can complete the challenge with 425 

multiple subjective symptoms but without developing objective symptoms. When a subject shows 426 

challenge-stopping objective symptoms at the first dose (i.e., no NOAEL can be established), the first 427 

dose is considered the LOAEL and the data is considered to be left-censored, as the individual’s true 428 

threshold is at or below the first dose (see Figure 1). When a challenge is completed or stopped without 429 

observation of objective symptoms (i.e., no objective LOAEL can be established), but the subject is 430 

considered to be allergic by the clinician’s judgment, the final discrete or cumulative dose given is then 431 

designated the NOAEL. In such case, the data is considered to be right-censored, as the dose that would 432 

elicit objective symptoms is assumed to be greater than the last given dose (see Figure 1). As both 433 
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scenarios include the confirmation of allergy by a clinician, left-censored and right-censored data 434 

provide additional useful information when determining the population-based threshold dose- 435 

distribution. 436 

 437 

 438 

5.7 Placebo reactions 439 

Symptoms occurring during the placebo arm of the food challenge are an indication that a more in-440 

depth study of that particular food challenge result is needed. If similar objective symptoms appear on 441 

both the active and placebo challenge days, additional different objective symptoms or stronger 442 

reported symptoms on the challenge day would be needed to continue with a LOAEL derivation for that 443 

subject. Weaker symptoms during the active challenge or identical symptoms for both the active and 444 

placebo challenges would lead to the subject being deemed a placebo reactor or tolerant. 445 

6 Discussion 446 

In this paper, we describe the methodology that is applied to derive the objective individual allergic 447 

thresholds from clinical food challenge data in the FARRP-TNO Food Allergen Threshold Database 448 

(including the data presented in Taylor et al.2 and Allen et al.3) for population food allergen risk 449 

assessment and risk management purposes. Additionally, select data derived from the food challenges 450 

conducted during the EU 7th Framework project Integrated Approaches To Food Allergen and Allergy 451 

Management (iFAAM) were analyzed in this fashion, as well as other published works by a number of 452 

the authors.  453 

 454 

The methodology presented in this paper can be considered as a conservative, pragmatic and practical 455 

approach to balance data analysis from individual diagnostic food challenges for population risk 456 

assessment and risk management purposes without overcorrecting in the presence of transient or 457 

repeated symptoms. In principle, the threshold dose is based on the first appearance of objective 458 

symptoms. However, as previously demonstrated a challenge is often continued by the clinician after 459 

the observation of objective symptoms, possibly because the investigator requires stronger evidence to 460 

confirm the diagnosis of food allergy. Thus, if the derivation of the threshold dose would be in each case 461 

based on the first objective symptom, this may lead to over-conservative estimations. For example, 462 

transient urticaria in patient with atopic dermatitis on dose 1 and no other symptoms until multiple 463 

objective symptoms on dose 9 would be too conservative if dose 1 was chosen as LOAEL. Conversely, if 464 

only the challenge stopping dose would be used for derivation of the LOAEL, then the population-based 465 

threshold dose- distribution values could be apparently higher than they are in reality, and therefore 466 

insufficiently protective.20,23–25 For example, a patient that presents with transient hives to dose 1 and 2 467 

and with hives and angioedema to dose 3 would not represent the objective LOAEL if dose 3 was 468 

chosen. Still, it should be noted that a number of assumptions have been made regarding different 469 

clinical scenarios and their interpretations described earlier in this manuscript. To the best of the author 470 

group’s knowledge, there is no data about the relative specificities of subjective vs objective symptoms 471 

(i.e. appearance of symptoms on challenge vs placebo day) but objective symptoms were chosen to 472 

minimize potential patient reporting biases. Similarly, there is no data on the specificity of symptoms 473 

occurring at a subsequent dose with only one or multiple intervening symptoms. Additionally, the 474 

specificity of abdominal pain in children < 3 years old and the non-specificity of vomiting in those under 475 

1 are assumptions based on clinical consensus from prior research or NOAEL-LOAEL derivation 476 

interactions between the authors. Again, the assumptions made in this manuscript were for the 477 
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purposes of balancing clinical consensus for allergy diagnosis with a conservative, pragmatic and 478 

practical approach to derive data for risk assessment purposes. Finally, changes in NOAEL and LOAEL are 479 

increasingly being used as outcome measures in clinical intervention studies for food allergy (i.e. food 480 

allergen immunotherapy); in this context, the exclusion of significant subjective symptoms (i.e. 481 

persistent abdominal cramps in individuals older than 3 years of age) in derivation of NOAEL/LOAEL 482 

values for risk assessment purposes may need to be reviewed in the future. This manuscript provides a 483 

transparent, flexible template for interpretation of food challenge results that can be updated in the 484 

future based on potential changes in stakeholder opinions/requirements. For example, if the symptoms 485 

listed in Table 1 were no longer separated into objective and subjective, but rather “Relevant/Not 486 

Relevant symptom criteria for risk assessment & risk management NOAEL/LOAEL derivation” then 487 

Tables 2-6 could be updated to reflect these potential future changes and the general framework for 488 

decision making would still apply.  489 

 490 

In a recent paper by Hourihane et al.,20 it was shown that the dose that is expected to elicit an allergic 491 

reaction in 5% of the peanut allergic population (ED05), which was previously established using the 492 

methodology described in this paper, was moderately over-conservative when unselected peanut 493 

allergic patients were exposed in an open challenge to a single dose equal to that ED05. Of the 387 494 

patients that took part in the study, only 8 (2.1%) showed objective symptoms according to pre-defined 495 

criteria agreed by all participating clinical partners upon a “single-dose” ingestion of 1.5 mg of peanut 496 

protein. These results indicate that the methodology used by the authors and presented in detail in the 497 

present paper is sufficiently conservative for population risk assessment and risk management purposes. 498 

This “single-dose” approach was recently shown to be quick, safe and highly cost-effective compared to 499 

recommending strict avoidance of precautionary labeling. Adaptation of a single-dose approach to 500 

establish tolerance to this ED05 in combination with an industry-wide application of precautionary 501 

labeling according to the risk management programs using the same ED05 could have significant clinical 502 

implications.20,26  503 

 504 

The standardized DBPCFC is used in clinics for the analysis of individual threshold levels of an allergic 505 

food in food allergic patients.11 However, there are some characteristics or practices of the DBPCFC that 506 

can limit its usefulness for derivation of individual NOAELs and LOAELs. Sometimes, the first exposure 507 

during a DBPCFC is by means of a labial challenge, in which a small amount of challenge material is 508 

smeared on either the outside or inside of the lip for several seconds. As a result, it is difficult to 509 

determine how much of the labial dose will actually be absorbed vs ingested. By default, such DBPCFCs 510 

are excluded, unless the labial challenge was performed with a matrix and the labial dose was estimated 511 

around 1 mg or below. In addition, the labial dose should always be lower than the first oral dose of the 512 

dosing scheme. If this is the case, we assume that the full labial dose is ingested and the data of the 513 

DBPCFC can be used for derivation of threshold doses.  514 

 515 

Another point of attention is that most DBPCFCs have a dosing protocol with increasing doses given 516 

every 15-30 minutes. This way, even a challenge with 9 dose steps can be performed during a single day 517 

visit to the hospital. However, when there is a relatively short time in between doses, it usually cannot 518 

be unequivocally established whether the observed reaction was due to the previous dose, or the 519 

cumulative dose ingested. Blumchen and colleagues (2014) used a protocol with 120 minutes between 520 

doses and showed that the majority of patients (45/63) had their first objective symptoms more than 30 521 

minutes after dosing. Using a protocol with a short dosing interval could therefore result in a potential 522 
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erroneous derivation of the actual discrete or cumulative threshold dose. To limit the burden for 523 

individual patients, a reduced protocol with fewer, but longer time intervals might be an option, 524 

although at the expense of accuracy.28 525 

 526 

With regard to the expression of NOAELs and LOAELs by means of either discrete or cumulative amounts 527 

of protein, there are different arguments that can be used to favor one expression over the other. On 528 

the one hand, discrete NOAELs and LOAELs should be more representative of acute exposure during a 529 

single accidental consumption. On the other hand, cumulative NOAELs and LOAELs may be more 530 

representative of the situation where each dose step contributes to the provocation of an allergic 531 

reaction. One major limitation of the discrete representation is apparent when dealing with partial 532 

doses. Based on the methodology presented in this paper, the discrete NOAEL and LOAEL based on the 533 

partial dose may be lower than the highest consumed dose that did not result in objective symptoms, 534 

thereby resulting in over conservative estimations of the threshold dose. Currently, no evidence exists 535 

to prefer one expression over the other, from a biological point of view7 and in practice there is little 536 

actual difference between the discrete or cumulative ED values (with 95% confidence intervals) in the 537 

population risk management dosing range of interest (i.e., ED01, ED05) for food-allergen population-538 

based thresholds for precautionary labelling.2 However, differences can occur at higher ED values such 539 

as the ED50. Thus it is suggested to express and analyze the data both as discrete and cumulative 540 

values29 and to consider the risk management goal30 when choosing to focus on results with discrete or 541 

cumulative reporting units. 542 

 543 

For appropriate statistical power, it is essential that a representative sample of sufficient size (at least 20 544 

to 30 but preferably at least 60 patients) is obtained to allow accurate estimation of population-based 545 

threshold dose distributions for each individual allergen.28 In addition, risk assessment for specific sub-546 

populations (i.e., children vs adults, races/ethnicities, geographic regions) may also be of interest; 547 

though prior research has found no differences in sub-populations or the analysis has been limited due 548 

to dosing protocol variations which are known to influence the results when comparing data from single 549 

studies or single protocol specific datasets.3,28 Consequently, the demand for additional data for some 550 

(i.e., many tree nut species, lupin), but not all, allergenic foods still remains. Such data can be obtained 551 

from DBPCFCs and open food challenges as performed in clinics worldwide. Open food challenge data is 552 

currently typically only included for specific food allergens for which limited or no data from DBPCFCs 553 

are available. If stakeholders agree to use open food challenge data for other allergenic foods as well – 554 

perhaps when these are conducted using pre-defined objective stopping criteria – then these could be 555 

analyzed in a similar fashion.  556 

 557 

Since the main objective of a clinically indicated food challenge is often to merely confirm whether or 558 

not a subject is allergic to a specific food, what happens at the individual dose steps is often not of 559 

primary interest. This leads to loss of information because documentation is not structured to capture 560 

valuable details that would permit more nuanced risk assessment. Therefore, it is important that 561 

awareness is raised among clinicians that the data obtained in such studies is also valuable for other 562 

purposes, like risk assessment and larger risk management programs. In order to have the data available 563 

to extract the threshold doses needed for risk assessment, it is essential that every observation is noted 564 

and reported for each dose during a DBPCFC and not just the challenge stopping symptoms. In addition, 565 

every deviation (repeated, skipped or partial doses) from the dosing protocol should be noted and all 566 

symptoms (both objective and subjective) should be reported instead of only the severity scores (e.g. 567 
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Sampson, Muller), as in many cases the severity score alone does not allow identification of the 568 

objective LOAELs. Additionally, the relationship (or lack of relationship) between dose and type of 569 

symptoms experienced during an allergic reaction is complex and not clear from currently available 570 

data.31–33 Reporting of individual food challenge datapoints in the detailed manner suggested above 571 

would help enable future research in this area.  572 

 573 

With the methodology presented in this paper, we aim to stimulate standardization and transparency in 574 

deriving population-based threshold dose- distributions used within quantitative food allergen risk 575 

assessment and risk management programs. Harmonization and transparency will help form better risk 576 

assessments to benefit all stakeholders, but with the particular aim to improve the quality of life and 577 

quality of care of food allergic individuals. We would also hope that harmonization fosters a more 578 

widespread adoption of risk assessment approaches based on quantitative criteria such as reference 579 

doses. 580 

 581 

  582 
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9 Figures and Tables  
 

Figure 1. Graphical representation of left-censored, interval-censored and right-censored data 

 

Table 1. Most common signs and symptoms of allergic reactions to food as reported in publications and unpublished clinical data. Please note that while the 

listed symptoms cover the majority of cases, this is not an exhaustive list and other recorded symptoms are also possible. 

   Subjective symptoms    Objective symptoms 

Oral cavity  

  Pruritus (itching) and paresthesia (tingling  

   sensation) of the oral cavity, pharynx  

   and/or lips (so called oral allergy symptoms  

   (OAS)) 

  Lip swelling 

  Redness/swelling of the oral mucosa 

  Blisters of the oral mucosa 

Skin  

  Pruritus (itching) 

 

  Urticaria 

  Angioedema 

  Flush 

  Erythema (Redness) 

Eyes and Nose  

  Pruritus (itching) Red eye/conjunctival hyperemia 

Tearing 

Sneezing 

Rhinorrhea 

Gastrointestinal  

  Dysphagia  

  Abdominal/gastric pain* 

  Cramps 

  Nausea 

  Bloating 

  Diarrhea 

  Vomiting** 

 

Neurological  
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  Headache 

  Dizziness 

  Anxiety 

  Tension/Agitation 

Seizures 

Respiratory  

Laryngeal/throat tightness   

Thoracic/chest tightness 

Dyspnea/Shortness of breath 

Laryngeal edema 

Dysphonia 

Wheezing 

Reduced peak expiratory flow/drop in FEV1 

Silence (in lung auscultation) 

Breathless to speak 

Rapid breath 

Chest retractions   

Cough 

Cardiovascular  

Faintness 

Tiredness 

Change in heart rate/Tachycardia 

Hypotension/drop of blood pressure 

Change in consciousness 

Other  

Uterine cramps/contractions  

* Abdominal pain and gastric pain are considered objective symptoms, provided that it is observed in children < 3 year old.  

** Vomiting is not considered to be objective in children < 1 year old, unless the clinician stops the challenge due to the vomiting. If vomiting occurs at the final dose of the challenge, it is not 

considered objective in children < 1 year old, unless additional objective symptoms are present.22 
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Table 2. Examples for determining the individual allergic thresholds in case of a completed dosing protocol. Indication that a LOAEL is not determined (N.D.) 

designates that the data point could right-censored during statistical analysis. If both the NOAEL and LOAEL are not determined (N.D.) then the subject is 

considered tolerant and not included during statistical analysis. 

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

1 
Objective 

symptoms 
- - - - - - - - Objective Dose 8 Dose 9 

Conservative LOAEL as we do not know if 

the challenge would have continued or 

stopped if more doses were available 

2 
Subjective 

symptoms 
- - - - - - - - Subjective Dose 9 N.D. 

Subject considered allergic, but no objective 

symptoms, so right-censored 

3 

Repeating 

subjective 

symptoms 

- - - - Subjective Subjective Subjective Subjective Subjective Dose 9 N.D. 
Subject considered allergic, but no objective 

symptoms, so right-censored 

4 

Objective and 

subjective 

symptoms 

- - - - - Subjective Subjective Subjective 
Subjective, 

Objective 
Dose 8 Dose 9 

Conservative LOAEL as we do not know if 

the challenge would have continued or 

stopped if more doses were available 

5 

Repeating 

objective 

symptoms 

- - - - - - - Objective Objective Dose 7 Dose 8 
LOAEL at first occurrence of objective 

symptoms 

6 

Repeating 

objective 

symptoms 

- - - - - - Objective Objective Objective Dose 6 Dose 7 
LOAEL at first occurrence of objective 

symptoms 

7 

Transient 

objective 

symptoms 

- - - Objective - - - - - N.D. N.D. 
Subject is considered tolerant, because no 

symptoms at the final dose 

8 

Transient 

objective 

symptoms 

- - - - - - - Objective - N.D. N.D. 
Subject is considered tolerant, because no 

symptoms at the final dose 

9 

Transient 

objective and 

subjective 

symptoms 

- - Subjective Subjective Subjective 
Subjective, 

Objective 
Subjective Subjective Subjective Dose 9 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

10 

Reappearing 

transient 

objective 

symptoms 

- - - - - - Objective - Objective Dose 6 Dose 7 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 
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Table 2 (continued). Examples for determining the individual allergic thresholds in case of a completed dosing protocol. Indication that a LOAEL is not determined 

(N.D.) designates that the data point could right-censored during statistical analysis. If both the NOAEL and LOAEL are not determined (N.D.) then the subject is 

considered tolerant and not included during statistical analysis. 

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

11 

Reappearing 

transient 

objective 

symptoms 

- - - - - Objective - Objective - N.D. N.D. 
Subject is considered tolerant, because no 

symptoms at the final dose 

12 

Reappearing 

transient 

objective 

symptoms 

- - - - Objective - Objective - - N.D. N.D. 
Subject is considered tolerant, because no 

symptoms at the final dose 

13 

Reappearing 

transient 

objective 

symptoms 

- - - - - Objective - - Objective Dose 8 Dose 9 

LOAEL at the reappearance of objective 

symptoms, because there are two doses 

without objective symptoms in between. 

The LOAEL is conservative as we do not 

know if the challenge would have continued 

or if the symptom would disappear if more 

doses were available 

14 

Reappearing 

transient 

objective 

symptoms 

- - - - Objective - - Objective - N.D. N.D. 
Subject is considered tolerant, because no 

symptoms at the final dose 

15 

Reappearing 

transient 

objective 

symptoms 

- - - - - Objective - Objective Objective Dose 5 Dose 6 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

16 

Reappearing 

transient 

objective 

symptoms 

- - - - Objective - Objective Objective - N.D. N.D. 
Subject is considered tolerant, because no 

symptoms at the final dose 

17 

Reappearing 

transient 

objective 

symptoms 

- - - - Objective - - Objective Objective Dose 7 Dose 8 

LOAEL at the reappearance of objective 

symptoms, because there are two doses 

without objective symptoms in between 

18 
Reappearing 

transient 
- - - Objective - - Objective Objective - N.D. N.D. 

Subject is considered tolerant, because no 

symptoms at the final dose 
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objective 

symptoms 

Table 2 (continued). Examples for determining the individual allergic thresholds in case of a completed dosing protocol. Indication that a LOAEL is not determined 

(N.D.) designates that the data point could right-censored during statistical analysis. If both the NOAEL and LOAEL are not determined (N.D.) then the subject is 

considered tolerant and not included during statistical analysis. 

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

19 

Reappearing 

transient 

objective 

symptoms 

- - - - Objective - Objective Objective Objective Dose 4 Dose 5 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

20 

Reappearing 

transient 

objective 

symptoms 

- - - - Objective - Objective - Objective Dose 4 Dose 5 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

21 

Reappearing 

transient 

objective 

symptoms 

- - - Objective - - Objective - Objective Dose 6 Dose 7 

One dose in between without objective 

symptoms is allowed for the LOAEL, 

whereas two doses without objective 

symptoms are not 

22 

Reappearing 

transient 

objective and 

subjective 

symptoms 

- - - - Subjective Subjective 
Subjective, 

Objective 
Subjective 

Subjective, 

Objective 
Dose 6 Dose 7 

LOAEL at first occurrence of objective 

symptoms 

23 

Reappearing 

transient 

objective and 

subjective 

symptoms 

- - - - Subjective 
Subjective, 

Objective 
Subjective 

Subjective, 

Objective 
Subjective Dose 9 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

24 

Reappearing 

transient 

objective and 

subjective 

symptoms 

- Subjective Subjective Subjective Subjective 
Subjective, 

Objective 
Subjective Subjective 

Subjective, 

Objective 
Dose 8 Dose 9 

LOAEL at the reappearance of objective 

symptoms 

25 

Reappearing 

transient 

objective and 

subjective 

symptoms 

- Subjective Subjective 
Subjective, 

Objective 
Subjective Subjective 

Subjective, 

Objective 
Subjective Subjective Dose 9 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 
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Table 3. Examples for determining the individual allergic thresholds in case the challenge is stopped by the clinician’s judgment before the final dose. Indication that 

a NOAEL or LOAEL is not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis.  

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

1 
Objective 

symptoms 
- - - - Objective 

Challenge 

stopped at 

dose 5 

N.A. N.A. N.A. Dose 4 Dose 5 

The clinician’s judgment stopped the 

challenge and we must consider this 

symptom as the objective LOAEL 

2 
Objective 

symptoms 
Objective 

Challenge 

stopped at 

dose 1 

N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.D. Dose 1 
Objective symptoms at dose 1, so left-

censored 

3 
Subjective 

symptoms 
- - Subjective 

Challenge 

stopped at 

dose 3 

N.A. N.A. N.A. N.A. N.A. Dose 3 N.D. 

The clinician’s judgment stopped the 

challenge, so we must consider this subject 

to be allergic. No objective symptoms at the 

highest given dose, so right-censored 

4 
Subjective 

symptoms 
Subjective 

Challenge 

stopped at 

dose 1 

N.A. N.A. N.A. N.A. N.A. N.A. N.A. Dose 1 N.D. 

The clinician’s judgment stopped the 

challenge, so we must consider this subject 

to be allergic. No objective symptoms at the 

highest given dose, so right-censored 

5 

Repeating 

subjective 

symptoms 

- - - - - Subjective Subjective Subjective 

Challenge 

stopped at 

dose 8 

Dose 8 N.D. 

The clinician’s judgment stopped the 

challenge, so we must consider this subject 

to be allergic. No objective symptoms at the 

highest given dose, so right-censored 

6 

Objective and 

subjective 

symptoms 

- Subjective Subjective 
Subjective, 

Objective 

Challenge 

stopped at 

dose 4 

N.A. N.A. N.A. N.A. Dose 3 Dose 4 Objective symptoms at dose 4 

7 

Repeating 

objective 

symptoms 

- - Objective Objective 

Challenge 

stopped at 

dose 4 

N.A. N.A. N.A. N.A. Dose 2 Dose 3 
LOAEL at first occurrence of objective 

symptoms 

8 

Repeating 

objective 

symptoms 

Objective Objective Objective 

Challenge 

stopped at 

dose 3 

N.A. N.A. N.A. N.A. N.A. N.D. Dose 1 

LOAEL at first occurrence of objective 

symptoms. Objective symptoms at dose 1, 

so left-censored 

9 

Transient 

objective and 

subjective 

symptoms 

- - - Subjective 
Subjective, 

Objective 
Subjective Subjective 

Challenge 

stopped at 

dose 7 

N.A. Dose 7 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

10 

Reappearing 

transient 

objective 

symptoms 

Objective - Objective 

Challenge 

stopped at 

dose 3 

N.A. N.A. N.A. N.A. N.A. N.D. Dose 1 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 
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Table 3 (continued). Examples for determining the individual allergic thresholds in case the challenge is stopped by the clinician’s judgment before the final dose. 

Indication that a NOAEL or LOAEL is not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis.  

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

11 

Reappearing 

transient 

objective 

symptoms 

Objective - - Objective 

Challenge 

stopped at 

dose 4 

N.A. N.A. N.A. N.A. Dose 3 Dose 4 

LOAEL at the reappearance of objective 

symptoms, because there are two doses 

without objective symptoms in between 

12 

Reappearing 

transient 

objective 

symptoms 

Objective - Objective Objective 

Challenge 

stopped at 

dose 4 

N.A. N.A. N.A. N.A. N.D. Dose 1 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between. 

Objective symptoms at dose 1, so left-

censored 

13 

Reappearing 

transient 

objective 

symptoms 

- Objective - Objective Objective Objective 

Challenge 

stopped at 

dose 6 

N.A. N.A. Dose 1 Dose 2 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

14 

Reappearing 

transient 

objective 

symptoms 

- - Objective - Objective - Objective 

Challenge 

stopped at 

dose 7 

N.A. Dose 2 Dose 3 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

15 

Reappearing 

transient 

objective 

symptoms 

Objective - - Objective - Objective 

Challenge 

stopped at 

dose 6 

N.A. N.A. Dose 3 Dose 4 

One dose in between without symptoms is 

allowed for the LOAEL, whereas two doses 

without symptoms are not 

16 

Reappearing 

transient 

objective and 

subjective 

symptoms 

- - - - Subjective 
Subjective, 

Objective 
Subjective 

Subjective, 

Objective 

Challenge 

stopped at 

dose 8 

Dose 5 Dose 6 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

17 

Reappearing 

transient 

objective and 

subjective 

symptoms 

Subjective 
Subjective, 

Objective 
Subjective 

Subjective, 

Objective 
Subjective 

Challenge 

stopped at 

dose 5 

N.A. N.A. N.A. Dose 5 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

18 

Reappearing 

transient 

objective and 

subjective 

symptoms 

- Subjective 
Subjective, 

Objective 
Subjective Subjective 

Subjective, 

Objective 

Challenge 

stopped at 

dose 6 

N.A. N.A. Dose 5 Dose 6 

LOAEL at the reappearance of objective 

symptoms, because there are two doses 

without objective symptoms in between 



   
 

26 
 

Table 3 (continued). Examples for determining the individual allergic thresholds in case the challenge is stopped by the clinician’s judgment before the final dose. 

Indication that a NOAEL or LOAEL is not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis.  

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

19 

Reappearing 

transient 

objective and 

subjective 

symptoms 

- - Subjective 
Subjective, 

Objective 
Subjective Subjective 

Subjective, 

Objective 
Subjective 

Challenge 

stopped at 

dose 8 

Dose 8 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 
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Table 4. Examples for determining the individual allergic thresholds in case of repeated, skipped or partial doses. Indication that a NOAEL or LOAEL is not 

determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis.  

Example Description 
Consumed doses of protein (mg) with symptoms 

indicated at each dose 

Final dose of 

protein (mg) 

Discrete 

NOAEL (mg) 

Discrete 

LOAEL (mg) 

Cumulative 

NOAEL (mg) 

Cumulative 

LOAEL (mg) 
Remarks 

1 

Repeated 

dose with 

objective 

symptoms at 

repeated 

dose 

1 (-), 3 (-), 10 (-), 30 (Subjective), 30 (Subjective, 

Objective) 
30 10 30 44 74 

Objective symptoms only at the repeated dose, after which the 

challenge is ended. Discrete NOAEL is set at the previous dose level. 

Cumulative NOAEL and LOAEL include the repeated dose 

2 

Repeated 

dose with 

objective 

symptoms 

prior to 

repeated 

dose 

1 (-), 3 (-), 10 (Objective), 10 (Objective) 10 3 10 4 14 
LOAEL at first occurrence of objective symptoms. Cumulative LOAEL 

does not include the repeated dose 

3 

Repeated 

dose with 

only 

subjective 

symptoms 

1 (-), 3 (-), 10 (-), 30 (-), 100 (Subjective), 300 

(Subjective), 300 (Subjective) 
300 300 N.D. 744 N.D. 

Subject is considered allergic, but no objective symptoms at the 

highest (repeated) given dose, so right-censored. Cumulative NOAEL 

includes the repeated dose 

4 

Repeated 

dose, 

thereafter 

challenge is 

continued 

1 (-), 3 (-), 10 (-), 30 (Subjective), 30 (Subjective), 

100 (Subjective), 300 (Subjective), 1000 

(Subjective, Objective) 

1000 300 1000 474 1474 
Objective symptoms after the repeated dose. Cumulative NOAEL 

and LOAEL include the repeated dose 

5 

Repeated 

dose, 

thereafter 

challenge is 

continued  

1 (-), 3 (Objective), 3 (Objective), 10 (Objective) 10 1 3 1 4 
LOAEL at first occurrence of objective symptoms. Cumulative LOAEL 

does not include the repeated dose 

6 

Repeated 

dose, 

thereafter 

challenge is 

continued 

1 (-), 3 (-), 10 (-), 30 (-), 100 (-), 300 (Subjective), 

1000 (Subjective), 1000 (Subjective), 3000 

(Subjective) 

3000 3000 N.D. 5444 N.D. 

Subject is considered allergic, but no objective symptoms at the 

highest given dose, so right-censored. Cumulative NOAEL includes 

the repeated dose 

7 

Skipped 

single starting 

dose 

3 (-), 10 (-), 30 (Objective) 30 10 30 13 43 
First dose is skipped, so cumulative NOAEL and LOAEL are adjusted 

accordingly 
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Table 4 (continued). Examples for determining the individual allergic thresholds in case of repeated, skipped or partial doses. Indication that a NOAEL or LOAEL is 

not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis.  

Example Description 
Consumed doses of protein (mg) with symptoms 

indicated at each dose 

Final dose of 

protein (mg) 

Discrete 

NOAEL (mg) 

Discrete 

LOAEL (mg) 

Cumulative 

NOAEL (mg) 

Cumulative 

LOAEL (mg) 
Remarks 

8 

Skipped 

multiple 

starting doses 

100 (-), 300 (-), 1000 (Objective) 1000 300 1000 400 1400 
First doses are skipped, so cumulative NOAEL and LOAEL are 

adjusted accordingly 

9 

Skipped 

multiple 

starting doses 

10 (Objective) 10 N.D. 10 N.D. 10 Objective symptoms at lowest given dose, so left-censored 

10 

Skipped 

single 

intermediate 

dose 

1 (-), 10 (-), 30 (-), 100 (Objective) 100 30 100 41 141 
Single intermediate dose are skipped, so cumulative NOAEL and 

LOAEL are adjusted accordingly 

11 

Skipped 

multiple 

intermediate 

doses 

1 (-), 10 (-), 100 (-), 300 (Objective) 300 100 300 111 411 
Multiple intermediate doses are skipped, so cumulative NOAEL and 

LOAEL are adjusted accordingly 

12 

Partial dose 

with 

objective 

symptoms 

1 (-), 3 (-), 10 (-), 30 (-), 50 (Objective) 50 30 50 44 94 
Partial dose is higher than the previous dose, so discrete NOAEL and 

LOAEL are as usual 

13 

Partial dose 

with 

objective 

symptoms 

1 (-), 3 (-), 10 (-), 30 (-), 100 (-), 50 (Objective) 50 30 50 144 194 

Partial dose is lower than the previous dose, so discrete NOAEL is 

set lower than the discrete LOAEL. The cumulative NOAEL and 

LOAEL include the partial dose 

14 

Partial dose 

with 

objective 

symptoms 

prior to the 

partial dose 

1 (-), 3 (-), 10 (-), 30 (-), 100 (-), 300 (Objective), 

250 (Objective) 
250 100 300 144 444 

LOAEL at first occurrence of objective symptoms. Cumulative LOAEL 

does not include the partial dose 

15 

Partial dose 

with 

subjective 

symptoms 

1 (-), 3 (-), 10 (-), 20 (Subjective) 20 20 N.D. 33 N.D. 

Partial dose is higher than the previous dose. Subject is considered 

allergic, but no objective symptoms at the highest (partial) given 

dose, so right-censored. Cumulative NOAEL includes the partial dose 
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Table 4 (continued). Examples for determining the individual allergic thresholds in case of repeated, skipped or partial doses. Indication that a NOAEL or LOAEL is 

not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis.  

Example Description 
Consumed doses of protein (mg) with symptoms 

indicated at each dose 

Final dose of 

protein (mg) 

Discrete 

NOAEL (mg) 

Discrete 

LOAEL (mg) 

Cumulative 

NOAEL (mg) 

Cumulative 

LOAEL (mg) 
Remarks 

16 

Partial dose 

with 

subjective 

symptoms 

prior to the 

partial dose 

1 (-), 3 (-), 10 (-), 30 (-), 100 (-), 300 (Subjective), 

1000 (Subjective), 250 (Subjective) 
250 1000 N.D. 1694 N.D. 

Partial dose is lower than the previous dose. Subject is considered 

allergic, but no objective symptoms at any given dose, so right-

censored with discrete NOAEL at highest dose given. Cumulative 

NOAEL includes all doses given 

17 

Partial dose 

with 

subjective 

symptoms 

prior to the 

partial dose 

1 (-), 3 (-), 10 (-), 30 (-), 100 (-), 300 (Subjective), 

1000 (Subjective), 250 (Objective) 
250 100 250 1444 1694 

Subject is considered allergic with objective symptoms at the 

highest (partial) given dose. Partial dose is lower than the previous 

dose, so discrete NOAEL is set lower than the discrete LOAEL. The 

cumulative NOAEL and LOAEL include the partial dose 
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Table 5. Examples for determining the individual allergic thresholds in children below of specific age with regard to vomiting. Indication that a NOAEL or LOAEL is 

not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis. If both the NOAEL and LOAEL are not determined (N.D.) then 

the subject is considered tolerant and not included during statistical analysis. 

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

1 

Vomiting, age 

< 1, challenge 

completed 

- - 
Vomiting 

(non-Obj) 
- - - - - - N.D. N.D. 

Subject is considered tolerant, because no 

symptoms at the final dose 

2 

Vomiting, age 

> 1, challenge 

completed 

- - 
Vomiting 

(Obj) 
- - - - - - N.D. N.D. 

Subject is considered tolerant, because no 

symptoms at the final dose 

3 

Vomiting, age 

< 1, challenge 

completed 

- - - - - - - - 
Vomiting 

(non-Obj) 
N.D. N.D. 

Subject is considered tolerant. Vomiting at 

the final dose is not considered as a 

symptom (objective nor subjective) in an 

infant of < 1 year.  

4 

Vomiting, age 

> 1, challenge 

completed 

- - - - - - - - 
Vomiting 

(Obj) 
Dose 8 Dose 9 

Conservative LOAEL as we do not know if 

the challenge would have continued or 

stopped if more doses were available 

5 

Vomiting, age 

< 1, challenge 

completed 

- - - - - - 
Vomiting 

(non-Obj) 
- 

Vomiting 

(non-Obj) 
Dose 9 N.D. 

Vomiting before the final dose is considered 

a subjective symptom in an infant of < 1 

year. Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

6 

Vomiting, age 

> 1, challenge 

completed 

- - - - - - 
Vomiting 

(Obj) 
- 

Vomiting 

(Obj) 
Dose 6 Dose 7 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

7 

Vomiting, age 

< 1, challenge 

completed 

- - - - - 
Vomiting 

(non-Obj) 
- - 

Vomiting 

(non-Obj) 
Dose 9 N.D. 

Vomiting before the final dose is considered 

a subjective symptom in an infant of < 1 

year. Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

8 

Vomiting, age 

> 1, challenge 

completed 

- - - - - 
Vomiting 

(Obj) 
- - 

Vomiting 

(Obj) 
Dose 8 Dose 9 

LOAEL at the reappearance of objective 

symptoms, because there are two doses 

without objective symptoms in between 

9 

Vomiting, age 

< 1, challenge 

stopped 

- - - - 
Vomiting 

(Obj) 

Challenge 

stopped at 

dose 5 

N.A. N.A. N.A. Dose 4 Dose 5 

The clinician’s judgment stopped the 

challenge and we must consider this 

symptom as the objective LOAEL 
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10 

Vomiting, age 

> 1, challenge 

stopped 

- - - - 
Vomiting 

(Obj) 

Challenge 

stopped at 

dose 5 

N.A. N.A. N.A. Dose 4 Dose 5 
LOAEL at first occurrence of objective 

symptoms 

Table 5 (continued). Examples for determining the individual allergic thresholds in children below of specific age with regard to vomiting. Indication that a NOAEL 

or LOAEL is not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis. If both the NOAEL and LOAEL are not determined 

(N.D.) then the subject is considered tolerant and not included during statistical analysis. 

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

11 

Vomiting, age 

< 1, challenge 

stopped 

- - - - - 
Vomiting 

(Obj) 
- 

Vomiting 

(Obj) 

Challenge 

stopped at 

dose 8 

Dose 5 Dose 6 

The clinician’s judgment stopped the 

challenge and we must consider this 

symptom as objective. Normally vomiting 

before the final dose is considered a 

subjective symptom in an infant of < 1 year 

but as it was challenge stopping then LOAEL 

at first occurrence of objective symptoms, 

because there is only one dose without 

objective symptoms in between. 

12 

Vomiting, age 

> 1, challenge 

stopped 

- - - - - 
Vomiting 

(Obj) 
- 

Vomiting 

(Obj) 

Challenge 

stopped at 

dose 8 

Dose 5 Dose 6 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

13 

Vomiting, age 

< 1, challenge 

stopped 

- - - - - 
Vomiting 

(non-Obj) 
- Objective 

Challenge 

stopped at 

dose 8 

Dose 7 Dose 8 

LOAEL at first occurrence of objective 

symptoms, because vomiting before the 

final dose is considered a subjective 

symptom in an infant of < 1 year. 

14 

Vomiting, age 

> 1, challenge 

stopped 

- - - - - 
Vomiting 

(Obj) 
- Objective 

Challenge 

stopped at 

dose 8 

Dose 5 Dose 6 

LOAEL at first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

15 

Vomiting, age 

< 1, challenge 

stopped 

- - - - 
Vomiting 

(non-Obj) 
- - 

Vomiting 

(Obj) 

Challenge 

stopped at 

dose 8 

Dose 7 Dose 8 

The clinician’s judgment stopped the 

challenge and we must consider this 

symptom as the objective LOAEL. Vomiting 

before the final dose is considered a 

subjective symptom in an infant of < 1 year. 

16 

Vomiting, age 

> 1, challenge 

stopped 

- - - - 
Vomiting 

(Obj) 
- - 

Vomiting 

(Obj) 

Challenge 

stopped at 

dose 8 

Dose 7 Dose 8 

LOAEL at the reappearance of objective 

symptoms, because there are two doses 

without objective symptoms in between 

17 

Vomiting, age 

< 1, challenge 

stopped 

- - - - 
Vomiting 

(non-Obj) 
- - Objective 

Challenge 

stopped at 

dose 8 

Dose 7 Dose 8 

LOAEL at first occurrence of objective 

symptoms, because vomiting before the 

final dose is considered a subjective 

symptom in an infant of < 1 year. 
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18 

Vomiting, age 

> 1, challenge 

stopped 

- - - - 
Vomiting 

(Obj) 
- - Objective 

Challenge 

stopped at 

dose 8 

Dose 7 Dose 8 

LOAEL at the reappearance of objective 

symptoms, because there are two doses 

without objective symptoms in between 
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Table 6. Examples for determining the individual allergic thresholds in children below of specific age with regard to abdominal pain. Indication that a NOAEL or 

LOAEL is not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis. If both the NOAEL and LOAEL are not determined 

(N.D.) then the subject is considered tolerant and not included during statistical analysis. 

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

1 

Abdominal 

pain, age < 3, 

challenge 

completed 

- - 
Abdominal 

pain (Obj) 
- - - - - - N.D. N.D. Subject is considered tolerant 

2 

Abdominal 

pain, age > 3, 

challenge 

completed 

- - 
Abdominal 

pain (Sub) 
- - - - - - N.D. N.D. Subject is considered tolerant 

3 

Abdominal 

pain, age < 3, 

challenge 

completed 

- - - - - - - - 
Abdominal 

pain (Obj) 
Dose 8 Dose 9 

Abdominal pain is considered an objective 

symptom in a child < 3 years of age. 

Conservative LOAEL as we do not know if 

the challenge would have continued or 

stopped if more doses were available 

4 

Abdominal 

pain, age > 3, 

challenge 

completed 

- - - - - - - - 
Abdominal 

pain (Sub) 
Dose 9 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

5 

Abdominal 

pain, age < 3, 

challenge 

completed 

- - - - - - 
Abdominal 

pain (Obj) 
- 

Abdominal 

pain (Obj) 
Dose 6 Dose 7 

Abdominal pain is considered an objective 

symptom in a child < 3 years of age. LOAEL 

at the first occurrence of objective 

symptoms, because there is only one dose 

without objective symptoms in between 

6 

Abdominal 

pain, age > 3, 

challenge 

completed 

- - - - - - 
Abdominal 

pain (Sub) 
- 

Abdominal 

pain (Sub) 
Dose 9 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose 

7 

Abdominal 

pain, age < 3, 

challenge 

completed 

- - - - - 
Abdominal 

pain (Obj) 
- - 

Abdominal 

pain (Obj) 
Dose 8 Dose 9 

Abdominal pain is considered an objective 

symptom in a child < 3 years of age. LOAEL 

at the reappearance of objective symptoms, 

because there are two doses without 

objective symptoms in between 
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Table 6 (continued). Examples for determining the individual allergic thresholds in children below of specific age with regard to abdominal pain. Indication that a 

NOAEL or LOAEL is not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis. If both the NOAEL and LOAEL are not 

determined (N.D.) then the subject is considered tolerant and not included during statistical analysis. 

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

8 

Abdominal 

pain, age > 3, 

challenge 

completed 

- - - - - 
Abdominal 

pain (Sub) 
- - 

Abdominal 

pain (Sub) 
Dose 9 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

9 

Abdominal 

pain, age < 3, 

challenge 

stopped 

- - - - 
Abdominal 

pain (Obj) 

Challenge 

stopped at 

dose 5 

N.A. N.A. N.A. Dose 4 Dose 5 

Abdominal pain is considered an objective 

symptom in a child < 3 years of age, so 

LOAEL at first occurrence of objective 

symptoms 

10 

Abdominal 

pain, age > 3, 

challenge 

stopped 

- - - - 
Abdominal 

pain (Sub) 

Challenge 

stopped at 

dose 5 

N.A. N.A. N.A. Dose 5 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

11 

Abdominal 

pain, age < 3, 

challenge 

stopped 

- - - - - 
Abdominal 

pain (Obj) 
- 

Abdominal 

pain (Obj) 

Challenge 

stopped at 

dose 8 

Dose 5 Dose 6 

Abdominal pain is considered an objective 

symptom in a child < 3 years of age. LOAEL 

at first occurrence of objective symptoms, 

because there is only one dose without 

objective symptoms in between 

12 

Abdominal 

pain, age > 3, 

challenge 

stopped 

- - - - - 
Abdominal 

pain (Sub) 
- 

Abdominal 

pain (Sub) 

Challenge 

stopped at 

dose 8 

Dose 8 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

13 

Abdominal 

pain, age < 3, 

challenge 

stopped 

- - - - - 
Abdominal 

pain (Obj) 
- Objective 

Challenge 

stopped at 

dose 8 

Dose 5 Dose 6 

Abdominal pain is considered an objective 

symptom in a child < 3 years of age. LOAEL 

at first occurrence of objective symptoms, 

because there is only one dose without 

objective symptoms in between 

14 

Abdominal 

pain, age > 3, 

challenge 

stopped 

- - - - - 
Abdominal 

pain (Sub) 
- Objective 

Challenge 

stopped at 

dose 8 

Dose 7 Dose 8 
LOAEL at first occurrence of objective 

symptoms 

15 

Abdominal 

pain, age < 3, 

challenge 

stopped 

- - - - 
Abdominal 

pain (Obj) 
- - 

Abdominal 

pain (Obj) 

Challenge 

stopped at 

dose 8 

Dose 7 Dose 8 

Abdominal pain is considered an objective 

symptom in a child < 3 years of age. LOAEL 

at reappearance of objective symptoms, 
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because there are two doses without 

objective symptoms in between 

Table 6 (continued). Examples for determining the individual allergic thresholds in children below of specific age with regard to abdominal pain. Indication that a 

NOAEL or LOAEL is not determined (N.D.) indicates that the data point is left- or right-censored during statistical analysis. If both the NOAEL and LOAEL are not 

determined (N.D.) then the subject is considered tolerant and not included during statistical analysis. 

Example Description 
Symptoms 

at dose 1 

Symptoms 

at dose 2 

Symptoms 

at dose 3 

Symptoms 

at dose 4 

Symptoms 

at dose 5 

Symptoms 

at dose 6 

Symptoms 

at dose 7 

Symptoms 

at dose 8 

Symptoms 

at dose 9 
NOAEL LOAEL Remarks 

16 

Abdominal 

pain, age > 3, 

challenge 

stopped 

- - - - 
Abdominal 

pain (Sub) 
- - 

Abdominal 

pain (Sub) 

Challenge 

stopped at 

dose 8 

Dose 8 N.D. 

Subject is considered allergic, but no 

objective symptoms at the highest given 

dose, so right-censored 

17 

Abdominal 

pain, age < 3, 

challenge 

stopped 

- - - - 
Abdominal 

pain (Obj) 
- - Objective 

Challenge 

stopped at 

dose 8 

Dose 7 Dose 8 

Abdominal pain is considered an objective 

symptom in a child < 3 years of age. LOAEL 

at reappearance of objective symptoms, 

because there are two doses without 

objective symptoms in between 

18 

Abdominal 

pain, age > 3, 

challenge 

stopped 

- - - - 
Abdominal 

pain (Sub) 
- - Objective 

Challenge 

stopped at 

dose 8 

Dose 7 Dose 8 
LOAEL at first occurrence of objective 

symptoms 
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