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Abstract

Background: Specific IgE to Ara h 2 is a diagnostic test for peanut allergy which may
reduce the need for double-blind placebo-controlled food challenges (DBPCFC); how-
ever, guidance for using Ara h 2 in place of DBPCFCs has not been validated.
Objective: To prospectively evaluate 1) diagnostic accuracy of previously published
Ara h 2 cut-off levels to diagnose peanut allergy in children and 2) costs.

Methods: A consecutive series of 150 children age 3.5 to 18 years was evaluated in
secondary and tertiary settings in the Netherlands. sIgE to Ara h 2 was the index test,
and oral peanut ingestion was the reference test. Oral peanut ingestion was home or
supervised introduction for Ara h 2 < 0.1, DBPCFC for 0.1-5.0 and open food chal-
lenge for 25.0. Costs were calculated using financial healthcare data.

Results: A conclusive reference test was performed in 113 children (75%). Sixty-four
children (57%) had peanut allergy, as confirmed by a DBPCFC (27/47) or an open chal-
lenge (37/50). Forty-nine children (43%) were considered peanut-tolerant after pea-
nut introduction (19/19), a DBPCFC (20/47) or an open challenge (10/50). Area under
the curve for Ara h 2 was 0.94 (95% CI 0.90-0.98). The diagnostic flow chart correctly
classified 26/26 (100%; 84-100) of children with Ara h 2 < 0.1 as peanut-tolerant and
34/35 (97%; 83-100) of children with Ara h 2 > 5.0 as peanut-allergic. At a cut-off
of <0.1 and >5.0, a sensitivity of respectively 100% (93-100) and 53% (38-67) was
observed and a specificity of 53% (38-67) and 98% (87-100). Mean annual costs of
the flow chart were estimated as €320-€636 per patient lower than following national
allergy guidelines.

Conclusions: In this diagnostic accuracy study, which did not take into account pretest
probability, we have validated previously published Ara h 2 cut-off levels which are

associated with peanut tolerance and allergy.
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Detecting peanut allergy

in children
/" Children / Ara h 2 index test \ Diagnostic accuracy
» Suspected peanut
allergy > <01 LN 26 of 26 (100%)
oy peanut tolerant
* Secondary or
tertiary care
»  Age 3.5to 18 years
Arah 2 N\ [N 30 of 52 (58%)
(kUyL) —| 011050 \ [:‘l/ peanut allergic
> 250 LN 34 of 35 (97%)
peanut allergic

.

/

GRAPHICAL ABSTRACT

In children with suspected allergy, the sIgE to Ara h 2 cut-off levels to predict peanut tolerance (cut-off of <0.1) and peanut allergy (cut-off of

>5.0) were validated.

1 | INTRODUCTION

Peanut allergy is one of the most common IgE-mediated food aller-
gies, estimated to affect 0.2-2.5% of children.? An accurate diag-
nosis of peanut allergy is important to adequately counsel allergic
children and their parents on the elimination of peanut, the preven-
tion and the treatment of accidental allergic reactions. In children
with suspected peanut allergy who prove to be peanut-tolerant,
exclusion of peanut allergy is important to guide peanut introduc-
tion and to prevent unnecessary elimination diets. In addition, an
accurate diagnosis of peanut allergy is important to reduce (parental)
anxiety and improve health-related quality of life.®* The oral food
challenge (OFC), particularly the double-blind placebo-controlled
food challenge (DBPCFC), is currently the gold standard for the di-
agnosis of peanut allergy according to the EAACI Food Allergy and
Anaphylaxis Guidelines.® However, the DBPCFC is difficult in daily
practice as the procedure is time-consuming, costly to patients and
health services and might be difficult to access.>® Thus, there is
need for improved diagnostic strategies that could accurately pre-
dict the DBPCFC result thereby reducing the number of DBPCFCs.

Various studies, including from our own research group, have
reported that sIgE to peanut-specific component Ara h 2 is useful
to distinguish peanut-allergic from peanut-tolerant children and is
highly superior to sIgE to peanut extract and other peanut com-
ponents.”*! When using the cut-off levels of sIgE to Ara h 2 with
the highest negative and positive predictive value, 62% of children
could be classified correctly as peanut-tolerant or peanut-allergic.
The validation and implementation of scientific research into daily
clinical practice are very important to validate previous findings
and evaluate costs and adherence. However, until now no studies
have investigated validation of cut-off levels of sIgE to Ara h 2 and
the prospective implementation of a diagnostic flow chart based

Key messages

e In children with suspected peanut allergy, sIgE to Arah 2
cut-off levels are validated.
e A cut-off of <0.1 and 25.0 are associated with respec-

tively peanut tolerance and allergy.
e Using these cut-offs may reduce the burden and costs of
double-blind placebo-controlled food challenges.

on sIgE to Ara h 2 in daily practice. Thus, it is unknown whether
the use of a diagnostic flow chart based on Ara h 2 in children with
suspected peanut allergy is accurate and safe, whether it can be
used in different clinical settings (secondary and tertiary care) and
whether a diagnostic flow chart is beneficial in terms of costs and
patients’ welfare.

In the current study, we implemented a diagnostic flow chart
based on previously published slIgE to Ara h 2 cut-off levels in the
Netherlands. The primary aim was to validate these cut-off levels
and evaluate the diagnostic accuracy of the flow chart. Secondary
aims were to evaluate the direct and indirect costs and the anxiety

levels following diagnostic testing.

2 | METHODS

2.1 | Study population

We performed a prospective cohort study in one tertiary care centre
(ie university hospital) and three secondary care centres (ie general
hospitals) in the Netherlands between January 2017 and July 2018.
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All consecutive children aged 3.5 to 18 years with suspected pea-
nut allergy, seen by a paediatrician or an allergist, were eligible for
inclusion. Suspected peanut allergy was based on a clinical history
of an allergic reaction to peanut or an elimination diet for peanut
for more than 1 year with or without peanut sensitization (peanut
sIgE 20.35 kU, /L or peanut skin prick test mean wheal size 23 mm).
The study was approved by the ethical committee of the University
Medical Center Utrecht (nr. 16-1456/C). Parents and children aged
12 years and older provided written informed consent before enrol-

ment in the study.

2.2 | Study procedures

The index test, specific IgE to Ara h 2, was determined in all chil-
dren using the ImmunoCAP method (Thermo Fisher Scientific,
Uppsala, Sweden) and compared with the following reference tests:
home introduction, supervised introduction, a 2-day double-blind
placebo-controlled food challenge (DBPCFC) or a 1-day open oral
food challenge (OFC). Physicians were instructed to follow the di-
agnostic flow chart based on previously found levels of sIgE to Ara
h 2 to confirm or exclude peanut allergy as depicted in Figure 1.7
Children with an Ara h 2 level <0.1 kU,/L were considered to have
a very high probability of being peanut-tolerant and were instructed
to introduce peanut at home. Home introduction consisted of a 7-
day schedule with increasing amounts of peanuts up to 10 g of whole
peanuts (i.e 2500 mg peanut protein) on the last day. Supervised
introduction consisted of 5 steps of bread with increasing doses of
peanut butter, followed by 10 g of whole peanut. Children with an
Ara h 2 level 25.0 kU, /L were considered to have a very high prob-

ability of being peanut-allergic. The purpose of further diagnostic

testing in these children was to gain insight into the severity of pea-
nut allergy and the threshold of the peanut-allergic reaction. Thus, a
1-day open OFC instead of a 2-day DBPCFC was indicated.

Children with an Ara h 2 level between 0.1 and 5.0 kU, /L were
considered inconclusive and were supposed to undergo a 2-day
DBPCFC. The 2-day DBPCFCs and 1-day open OFCs were per-
formed in a clinical setting with equipment for resuscitation. The
verum day of the DBPCFC and open OFC consisted of 7 increasing
doses of gingerbread containing 1 mg to 2500 mg peanut protein.12
Complete methodology of the DBPCFC and open OFC and defini-
tions of the reference test categories are described in the supple-
mental methods section in the Online Repository.

Demographic and clinical information regarding history of pea-
nut allergy and other atopic diseases was obtained by standardized
questionnaires. Asthma, allergic rhinitis, atopic dermatitis and other

food allergies were defined as having a doctor's diagnosis.

2.3 | Primary aims

2.3.1 | Validation of Ara h 2 cut-off levels

The validity of the sIgE to Ara h 2 cut-off levels was evaluated by
calculating the corresponding sensitivity, specificity, negative pre-
dictive value (NPV), positive predictive value (PPV), negative likeli-
hood ratio (LR-) and positive likelihood ratio (LR+). Furthermore, the
percentage of patients diagnosed correctly using the sIgE to Arah 2
cut-off levels was calculated. Children who were not further evalu-
ated after the sIgE to Ara h 2 measurement (with missing data on the
reference test) or children with an inconclusive reference test result

were excluded from this analysis.

Suspected peanut
allergy

Index test
slgE Ara h 2

SOAKUML |

Peanut tolerant

Reference test
Home introduction

FIGURE 1 Design of the diagnostic flow chart

0.1to 5.

Inconclusive

Reference test
2-day DBPCFC

0 KU/L | 250KUL |

Peanut allergy

Reference test
1-day open OFC

DBPCFC, double-blind placebo-controlled food challenge; OFC, oral food challenge, n = number
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2.4 | Diagnostic accuracy of the diagnostic
flow chart

The diagnostic accuracy of the diagnostic flow chart was evaluated
using the area under the curve of the receiver operating character-
istic. These analyses were stratified by secondary and tertiary care.
The safety of the diagnostic flow chart was assessed by calculating
the number of allergic reactions during home introduction of pea-
nut. The adherence to the diagnostic flow chart was evaluated by
calculating the number of children diagnosed according to the diag-
nostic flow chart and identifying reasons for non-adherence. By ex-
ception and with argumentation, physicians could choose a different
diagnostic strategy than the intended reference test indicated in the

diagnostic flow chart based on their expert opinion.

2.5 | Secondary aims

2.5.1 | Costassessment

The cost assessment was conducted from a societal perspective
and included relevant costs borne by the healthcare system (i.e.
consultations and diagnostic tests), costs borne by patients and
families (i.e. travel expenses) and costs borne by other sectors (i.e.
productivity losses) in 12 months after the baseline visit. Costs
were based on national guidelines (i.e. Dutch Healthcare Authority
and the National Health Care Institute in the Netherlands) and
were corrected for inflation using the consumer price index for
2018.131* Complete methodology of the data collection for the
cost assessment is presented in the supplemental methods section
in the Online Repository.

Mean costs were calculated per patient per year for three scenar-
ios. Scenario A reflected the mean costs of the diagnostic flow chart
in daily practice (including children were diagnosed according to the
trajectory of the diagnostic flow chart and children who were diag-
nosed with other strategies). Scenario B reflected the mean costs of
the diagnostic flow chart in theory: only the subset of children who
followed the trajectory of the diagnostic flow chart were included in
this scenario. Scenario C reflected the mean costs of the diagnostic
pathway for peanut allergy according to the current Dutch national
guideline,15 In scenario C, all children with sensitization to peanut
(slgE peanut extract 20.35 kU, /L or skin prick test 23 mm) were sup-
posed to undergo a DBPCFC and all children without peanut sensiti-
zation were supposed to start eating peanut at home. The costs for

scenario C were derived from the costs in scenario B.

2.6 | Anxiety levels following diagnostic testing

Anxiety was measured at baseline, after the telephonic consulta-
tion communicating the sIgk to Ara h 2 level and discussing the
subsequent diagnostic strategy with parents and patients and after
6 months of follow-up. Anxiety was measured using the Spielberger

State-Trait Anxiety Inventory (STAI) for parents and the State-Trait
Anxiety Inventory for Children (STAIC) for children aged 8 years and
older.*®'” To assess State-Anxiety (anxiety as an emotional state),
parents were instructed to imagine how they would feel if their child
was offered peanuts and children to imagine how they would feel
if they were offered peanuts.* The items were scored on a 4-point
scale with a cumulative score ranging between 20 (low anxiety) and
80 points (high anxiety) for the STAIl and between 20 and 60 for the
STAIC. The difference in scores was considered clinically relevant
when the minimal clinically important difference (MCID) of 10 points

was exceeded.*®

2.7 | Statistical analysis

Descriptive statistics were expressed as numbers (percentages) for
categorical variables and mean (standard deviation) or median (in-
terquartile range) for continuous variables with a normal or skewed
distribution, respectively. Differences in baseline characteristics
between children across different sIgE to Ara h 2 levels (<0.1, 0.1-
5.0 and 25.0 kU, /L) were statistically evaluated by the chi-square
test for categorical variables and the one-way analysis of variance
(ANOVA) or Kruskal-Wallis test, as appropriate, with correction
for multiple testing using the Benjamini-Hochberg procedure. The
sample size needed to have 95% confidence and 80% power to de-
tect a difference of 5% from a presumed NPV and PPV of 99% were
96 patients.19 Statistical analyses were performed using SPSS for
Windows (version 25.0. Armonk, NY: IMB Corp) and R (packages
data.table v. 1.12.2 and dplyr v. 0.8.3). A P value of less than 0.05
was considered statistically significant.

3 | RESULTS

3.1 | Patient characteristics

A total of 227 children with suspected peanut allergy were eligible
for inclusion in this study. Seventy-seven (34%) children or parents
were not willing to participate in research. Therefore, 150 children
were included in secondary care (65%) and tertiary care (35%) in the
Netherlands. Children were grouped based on the level of slIgE to
Arah2:<0.1kU,/Lin 29 (19%) children, 0.1 to 5.0 kU, /L in 68 (45%)
children and 25.0 kU,/L in 53 (35%) children. Overall, children had
a median (interquartile range) age of 7.9 (5.4 to 13.0) years. Children
were suspected of peanut allergy because of a previous reaction to
peanut (71%) or because of an elimination diet for more than 1 year
(29%) (Table 1). Children with a slgE to Arah 2 level <0.1 kU, /L were
significantly older (median age 12.1 years) compared to children with
an Ara h 2 level of 0.1 to 5.0 kU,/L or 25 kU, /L (median age 7.6 and
7.1 years, respectively) (000AO= .014). Twenty-four of 44 (55%) chil-
dren with an elimination diet for peanut >1 year were known to be
sensitized to peanut (peanut sIgE 20.35 kU, /L or peanut skin prick
test mean wheal size 23 mm).
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TABLE 1 Baseline characteristics

Age in years,
median (IQR)

Gender: male
Setting
Secondary care
Tertiary care

Suspected peanut
allergy

Previous reaction

Elimination diet
>1 year

Previous reaction®
No reaction
Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Missing data

Elimination other
food allergens

No

lor2
3or4
5o0ré

7 or more

Atopic
comorbidities

Atopic dermatitis
Allergic rhinitis
Asthma

WiLEY- "

All children  sIgE to Ara h 2 category (kU,/L)
<01 0.1-5.0 2 5.0 P
150 29 (19) 68 (45) 53 (35) value®
7.9 (5.4-13) 12.1(8-15.7) 7.6(5.2-11.5) 71(5.3-10.5) 0.014
88 (59) 11 (38) 44 (65) 33(62) 0.090
0.860
97 (65) 20 (69) 43 (63) 34 (64)
53(35) 9(31) 25(37) 19 (36)
0.138
106 (71) 17 (59) 53(78) 36 (68)
44(29) 12 (41) 15(22) 17 (32)
0.453
44(29) 12 (41) 15(22) 17 (32)
31(21) 6(21) 15(22) 10 (19)
32(21) 3(10) 20 (29) 9 (17)
18(12) 2(7) 8(12) 8(15)
21 (14) 4 (14) 9 (13) 8 (15)
0 0 0 0
4(3) 2(7) 1(1) 1(2)
0.266
42 (28) 9 (31) 22(32) 11(21)
43 (29) 5(17) 20(29) 18 (34)
30(20) 5(17) 17 (25) 8(15)
27 (18) 7 (24) 8(12) 12 (23)
8(5) 3(10) 1(1) 4(8)
118(79) 21(72) 57 (84) 40 (75) 0.453
70 (47) 17 (59) 37 (54) 16 (30) 0.042
48 (32) 5(17) 22(32) 21 (40) 0.207

Values are n (%) unless otherwise indicated.

Abbreviations: IQR, interquartile range.

TBenjamini-Hochberg adjusted p-values for comparison of differences among 3 groups.

*Most severe reaction according to the Sampson classification of anaphylaxis.

3.2 | Results of the reference tests

The index test was measured in 150 children as previously men-
tioned. The intended reference test was performed in 92 children
(61%), and another reference test was performed in 24 children
(16%) and no reference test was performed in 34 children (23%)
(Figure 2). Of 116 children who underwent a reference test after
Ara h 2 determination, 64 children (55%) had peanut allergy, 49 chil-
dren (33%) were peanut-tolerant, and 3 children (3%) were consid-
ered inconclusive. Peanut allergy was confirmed after a DBPCFC in
27 children and after an open OFC in 37 children. Peanut tolerance
was confirmed after home introduction in 10 children, supervised

introduction in 9 children, a DBPCFC in 20 children and an open
OFC in 10 children. Three children were considered inconclusive
after an open OFC. The number of children diagnosed per intended

reference test or another reference tests is presented in Figure 2.

3.3 | Validation of Ara h 2 and safety of the
flow chart

All children with a sIgE to Ara h 2 level <0.1 kU,/L were classified as
peanut-tolerant after the intended reference test (i.e. home intro-
duction) or another reference test (i.e. food challenge or supervised
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Suspected peanut
allergy
n=150

Index test
slgE Arah 2
n=150

I
<0.1KUWL
n=29 (19)

|

I Peanut tolerant I

Reference test
Home introduction

0.1t0 5.0 kUn/L
n=68 (45)

|

Inconclusive

Reference test
2-day DBPCFC

>5.0 KUp/L
n=53 (35)

|

Peanut allergy I

Reference test
1-day open OFC

FIGURE 2 Results of the diagnostic flow chart
Numbers between brackets are percentages.

Ref Other No Total Ref Other No Total Ref Other No Total
test testt test diagnosis test testt test diagnosis test test test diagnosis
n=10 n=16 n=3 n=26 n=44 n=8 n=16 n=52 n=38 n=0 n=15 n=38
PT PT PT PT PT PT PT PT
n=10 n=16 n=26 (100) n=17 n=5 n=22 (42) n=1 n=1(3)
PA PA PA PA PA PA PA PA
n=0 n=0 n=0 n=27 n=3 n=30 (58) n=34 n=34 (89)
INC INC
n=3 n=3(8)

DBPCFC, double-blind placebo-controlled food challenge; INC, inconclusive; OFC, oral food challenge; PA, peanut allergy; PT, peanut-

tolerant; Ref test = reference test; n=number.

*n =9 supervised introduction, n = 3 DBPCFC and n = 4 open OFC (all n = 16 PT)

¢n:80pen OFC

introduction). Fifty-eight per cent of children with a sIgE to Arah 2 level
between 0.1 and 5.0 kU, /L were classified as peanut-allergic and 42%
as peanut-tolerant. In this group of children, an increasingly positive di-
agnostic rate was observed with increasing levels of Ara h 2 ranging
from 36% for children with an Ara h 2 level between 0.1 and 1.0 kU, /L
and 100% for children with an Arah 2 level between 3.0 and 5.0 kU, /L.
Eighty-nine per cent of children with a sIgE to Ara h 2 level 25 kU,/L
were classified as peanut-allergic, 3% (n = 1) as peanut-tolerant (Ara
h 2 level 7.1 kU,/L) and 8% (n = 3) as inconclusive. Children with an
inconclusive outcome did not complete the open OFC due to aver-
sion (n = 1), mild abdominal pain (n = 1) or mild abdominal pain and
nausea (n=1). Thus, we could classify 100% of children with a sIgE to
Ara h 2 level <0.1 kU, /L correctly as peanut-tolerant (i.e. 100% nega-
tive predictive value). Furthermore, we could classify 89% of children
with a sIgE to Ara h 2 level 25.0 kU, /L correctly as peanut-allergic if all
children with an inconclusive outcome would be peanut-tolerant. And
we could classify 97% of children correctly allergic if all these children

with an inconclusive outcome would be peanut-allergic (i.e. 89-97%
positive predictive value). The median (interquartile range) Ara h 2 level
of peanut-tolerant children (n = 49) was 0.10 (0.08-0.49), while the
median (interquartile range) Ara h 2 level of peanut-allergic children
(n = 64) was 5.65 (2.00-47.63). Cross-tabulation of the index test cut-
off results (Ara h 2) and the reference test (home introduction, super-
vised introduction, DBPCFC or open OFC) are presented in Table E1.

Finally, the diagnostic flow chart was considered safe as none of
the children with an Ara h 2 level <0.1 kU,/L experienced allergic
symptoms during peanut introduction. No adverse events were re-
ported from performing the index or reference test.

3.4 | Diagnostic accuracy of Arah 2

Specific IgE to Ara h 2 was a strong predictor of peanut allergy and
showed high discriminative capacity (AUC 0.94; 95% confidence
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FIGURE 3 ROC-curves of sIgE to Arah 2
Abbreviations: AUC, area under the curve; Cl, confidence interval;
ROC, receiver operating characteristic

interval [CI] 0.90-0.98) (Figure 3). A stratified analysis by healthcare
line showed high discriminative capacity in children in tertiary care
(AUC 0.99; 0.98-1.00) and in children in secondary care (AUC 0.92;
0.86-0.98). The sensitivity of Ara h 2 at a cut-off level <0.1 kU,/L
was 100% (95% confidence interval 92.8-100) and the specificity
53.1% (38.4-67.2). The sensitivity and specificity of Ara h 2 at a cut-
off level 25.0 kU, /L were respectively 53.1% (40.3-65.5) and 98%
(87.8-100). All measures of diagnostic accuracy for peanut allergy
of these Ara h 2 cut-off levels are depicted in Table 2. In Table E2,

these measures for various cut-off levels of sIgE to Ara h 2 are listed.

3.5 | Adherence to the diagnostic flow chart

As previously mentioned, 92 of 150 (61%) children followed the
trajectory of the diagnostic flow chart. The mean time interval be-
tween the index test (i.e. Ara h 2 determination) and the reference
test (i.e. home introduction, supervised introduction, DBPCFC or an
open OFC) was respectively 3.4, 6.4, 5.4 and 7.4 months. Thirty-four
(23%) children were not further evaluated after Ara h 2 determina-
tion, and in 24 (16%) children, a different diagnostic strategy was
chosen. The most frequent reason to choose a different diagnostic
strategy in children with an Ara h 2 level <0.1 and 0.1 to 5.0 kU, /L
was patients’ preference due to anxiety of the child and/or parent(s).
However, baseline state anxiety in parents who reported anxiety as
reason to choose a different diagnostic strategy was comparable to
state anxiety in parents who did not report anxiety (state anxiety 50
and 52, respectively). The most frequent reason to choose a differ-
ent diagnostic strategy in children with an Ara h 2 level 25.0 kU, /L
was the physician's preference not to perform an oral food challenge

due to a suggestive clinical history of previous reaction to peanut

and/or anaphylaxis (Figure E1).

3.6 | Costassessment

Mean (95% ClI) cumulative costs of the diagnostic flow chart in daily
practice (scenario A) and the diagnostic flow chart in theory (sce-
nario B) were € 2,120 (€ 1,924 - € 2,317) and € 2,437 (€ 2,189 - €
2,685) per patient per year, respectively (Table 3; Figure 4). Mean
costs of the diagnostic flow chart in practice were lower because 34
children did not undergo an oral food challenge. Mean cumulative
costs of the diagnostic pathway according to the current national
guideline were € 2,757 (€ 2,441 - € 3,072) per patient per year. Thus,
the use of the diagnostic flow chart may reduce direct and indirect
food allergy-related costs by € 320 (ie flow chart in theory) to €636
(i.e. flow chart in daily practice) per patient per year compared to the
current national guideline.

3.7 | Anxiety following diagnostic testing

Parental state anxiety was high at baseline in all Ara h 2 groups with
a mean (standard error [SE]) score of 57.7 (2). Parental state anxiety
reduced clinically relevant after the telephonic consultation discuss-
ing Ara h 2 if the Ara h 2 level was <0.1 kU, /L (mean difference, MD
17; SE 4.1) (Figure E2). In parents of children with an Ara h 2 level
>0.1 kU, /L, state anxiety reduced after 6 months of follow-up if
the child underwent an oral food challenge (MD 17.9; SE 3.2) and
not if the child did not undergo an oral food challenge (MD 5; SE
2.9). Parental state anxiety reduced clinically relevant both after a
positive and negative oral food challenge result with a mean (SE) dif-
ference of 16.6 (3.6) and 19.6 (6), respectively. Child-reported state
anxiety did not improve clinically relevant during follow-up.

4 | DISCUSSION

This is the first study investigating the validation of sIgE to Ara h
2 cut-off levels and the implementation of a diagnostic flow chart
based on slIgE to Ara h 2 in children with suspected peanut allergy
in the Netherlands. Our previously published sIgE to Ara h 2 cut-off
levels were validated in children in secondary and tertiary care.” The
implemented diagnostic flow chart accurately classified children as
peanut-tolerant and peanut-allergic with a negative and positive
predictive value of 100% and 89-97%, respectively. Furthermore,
the diagnostic flow chart could reduce direct and indirect costs of
diagnosing peanut allergy by € 320 to € 636 per patient per year
compared to diagnosing peanut allergy according to the current na-
tional guideline.

All children in our cohort who were not sensitized to Ara h 2
were peanut-tolerant, even when the child reported a severe aller-
gic reaction to peanut in clinical history. We believe our diagnostic
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flow chart is safe to use as the probability of an allergic reaction
in children with an Ara h 2 level <0.1 kU,/L is very low (0% in this
and in our previous study) and children are instructed to introduce

peanut according to an introduction schedule starting at a very small

LR-

Ratio (95% Cl)

0 (NA)

0.48 (0.37-0.62)
0 (NA)
0.53(0.40-0.70)
0 (NA)

0.37 (0.20-0.66)

amount of peanut. However, it should be kept in mind that rare cases
of (severe) peanut allergy have been described in literature in chil-
dren who are not sensitized to Ara h 2.2°?* These children might be
sensitized to other peanut components than Ara h 2, for example
Arah 6 orArah7.2>% Furthermore, the adherence to the diagnostic
flow chart for children with an Ara h 2 level <0.1 kU, /L was low. The
majority of children with an Ara h 2 level <0.1 kU,/L in our cohort

15.64 (2.22-110.19)
1.70(1.14-2.53)

26.03 (3.69-183.60)
Infinity

Ratio (95% Cl)
2.13(1.58-2.87)
2.46 (1.62-3.74)

LR+

introduced peanut in the hospital and not at home because children,
parents or physicians (unfairly afterwards) feared an allergic reac-
tion to peanut. As an alternative, in children with anxiety or a severe
allergic reaction in clinical history, physicians may consider introduc-
ing peanut at the outpatient clinic instead of at the day care in the
hospital. This could further reduce the burden and costs of (delayed)
oral food challenges and/or supervised introductions.?” Such a mod-

% (95% Cl)

100 (84.0-100)
61.5(49.8-72.1)
100 (79.1-100)
57.4 (43.3-70.5)
100 (56.1-100)
70.8 (48.8-86.6)

NPV

ification to the diagnostic flow chart may increase the feasibility and
adherence in daily practice.

We also conclude that total direct and indirect costs seemed to
be lower when children were diagnosed according to the diagnostic
flow chart compared to the current national guideline. With an es-

62.4-82.0)
83.4-100)

64.4-87.1)
76.0-99.8)
45.7-81.4)

100 (69.9-100)

timated 2400 referrals per year in the Netherlands this implicates a

% (95% Cl)

PPV
74.3
97.1
77.6
95.7
65.5

reduction in societal costs of € 767,101 per year when all children
adhere to the diagnostic flow chart up to € 1,526,688 per year in
daily practice.l'28 A model-based cost-effectiveness analysis has
been performed in a Norwegian cohort of children with suspected
peanut allergy.29 In support of our findings, the authors reported
that a diagnostic flow chart based on peanut components (ie Arah 1,

2, 3,8 and 9) appeared to be more cost-effective than current clinical

Specificity
53.1(38.4-67.2)
98 (87.8-100)
59.4 (40.8-75.8)
96.9 (82.0-99.8)
41.2 (19.4-66.5)
100 (77.1-100)

(95% Cl)

practice based on slgE to peanut extract, skin prick testing and oral
food challenges.

We showed that parental state anxiety is largely reduced after a
negative Ara h 2 result and after oral food challenges, irrespective
of the oral food challenge result. Parental state anxiety remained

high during 6 months of follow-up if children (were) declined further

Sensitivity

% (95% Cl)

100 (92.8-100)
53.1(40.3-65.5)
100 (90.2-100)
48.9 (33.9-64.0)
100 (79.1-100)
63.2(38.6-82.8)

diagnostic testing after a positive Ara h 2 outcome (ie >0.1 kU,/L).
One of the main reasons to decline further diagnostic testing was
anxiety. These results further underline the beneficial impact of a
clear diagnosis of food allergy on parental state anxiety and quality
of life as previously reported.®* Further research is needed to inves-

Cut-off
kU,/L
5.0

0.1
5.0

0.1
5.0

0.1

tigate how to handle and/or reduce food-related anxiety in children,
especially when anxiety is the reason to decline further diagnostic

testing.

77
36

To appreciate the results of our study, several limitations should

113

be taken into account. First, our study lacked a control group limit-
ing the ability to compare the diagnostic flow chart to current daily
clinical practice according to the guideline. However, by comparing
the flow chart in theory, in practice and a guideline scenario we are
able to draw valid conclusions regarding the costs of the diagnos-

tic flow chart. Second, it must be noted that the measures of diag-

Abbreviations: Cl, confidence interval; LR-, negative likelihood ratio; LR+, positive likelihood ratio; n, number; NA, not applicable; NPV, negative predictive value; PA, peanut allergy; PPV, positive predictive

TABLE 2 Measures of diagnostic accuracy for peanut allergy of specific IgE to Ara h 2 at different cut-off levels
value.

Included children with a reference test with a conclusive outcome n = 113/150 (75%)

All childrent
Secondary care
Tertiary care

Patients

nostic accuracy are dependent on the population (eg peanut allergy
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TABLE 3 Mean costs per patient per year for all children (A), for children diagnosed according to the diagnostic flow chart (B) and a
scenario analysis on the costs for children diagnosed according to the guideline (C)

ﬁlow chart in practice Elow chartin theory guideline

n=150 n=92 n=134

Mean 95% Cl Mean 95% Cl Mean 95% Cl
Total costs €2,120 €1924-€2317 €2,437 €2,189 - €2,685 €2,757 €2,441-€3,072
Direct costs
Consultations
Outpatient clinic €319 €270 - €369 €269 €227-€311 €246 €179 - €314
Telephone €67 €58-€77 €72 €59-€84 €62 €44-€80
Diagnostic testing
Food challenges €937 €809 -€1,064 €1204 €1,041-€1,367 €1,433 €1,233-€1,634
Laboratory testing €112 €95-€129 €103 €81-€126 €116 €77-€155
Skin prick testing €48 €34-€61 €44 €28-€60 €47 €20-€73
Lung function €44 €26-€61 €26 €13-€40 €29 €5-€53
Travel expenses €54 €45-€63 €54 €44 -€64 €60 €44-€75
Indirect costs
Productivity loss €540 €477 - €602 €666 €584 - €747 €763 €664-€86

Abbreviations: Cl, confidence interval; n, number.

FIGURE 4 Mean costs per patient per

year for all included children (scenario A),

for children diagnosed according to the 3000-
diagnostic flow chart (scenario B) and a

scenario analysis on the costs for children

diagnosed according to the guideline

(scenario C)

2000+

Costs (€)

1000+

mean costs
per patient per year

M Cumulative costs
95% confidence interval

Direct costs

a. Consultations
I Outpatient clinic
[ Telephone

b. Diagnostic testing
I Food challenges
I Laboratory testing
I Skin prick testing
Lung function

c. Out-of pocket costs
Travel expenses

Indirect costs
M Productivity loss

A
Flowchart in practice
n=150

prevalence, age, setting and country), limiting generalizability, and
we did not take pretest probability into account. Third, we may have
underestimated the direct out-of-pocket costs borne by patients
and families as we included only the costs of travel to the hospital.
A recent systematic review assessed the economic burden of food
allergy and showed that food allergy is associated with substantial
out-of-pocket costs, for instance the costs of special allergen-free
foods, costs of safe child care and copayments for medications.3%%?

In addition, there is a risk of registration error as direct costs were

B [of
Flowchart in theory Guideline
n=92 n=134

based on financial healthcare data and indirect costs were based on
the average hourly wage. However, our results on the difference in
costs between the diagnostic flow chart and the current guideline
are not likely influenced by these limitations as the data collec-
tion methods were comparable between the analysed scenarios.
Finally, one-fourth of children were not included in the analysis on
the validation of Ara h 2 cut-off levels and the diagnostic accuracy
and safety of the diagnostic flow chart as these children did not un-
dergo further diagnostic testing after the Ara h 2 result. However,
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the denoted reasons to decline further testing provide meaningful
insight into psychosocial barriers and practical implications of the
implementation of a new diagnostic strategy in daily practice.

The results of our study are strengthened by the prospective re-
cruitment of all children with a suspected peanut allergy in four cen-
tres representing a large area in the Netherlands. In addition, this is
the first study that evaluated the validation of Ara h 2 cut-off levels
and the prospective implementation of a diagnostic flow chart based
on sensitization to peanut component Ara h 2 in daily practices in
secondary and tertiary care. Our study assessed a broad range of
relevant outcomes, including validation, diagnostic accuracy, safety,
adherence, direct and indirect costs and anxiety levels following di-
agnostic testing.

In conclusion, previously published cut-off levels of sIgE to Ara
h 2 were validated in children with suspected peanut allergy in sec-
ondary and tertiary care. The diagnostic flow chart based on these
Ara h 2 cut-off levels was accurate and beneficial in terms of costs
and parental anxiety levels. Our results support the continued use
of the diagnostic flow chart and implementation of the diagnostic
flow chart in our national guideline. Furthermore, an (adapted) diag-
nostic flow chart may be used in other countries after international

validation studies.
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