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1 | INTRODUCTION

Peanut allergy, particularly in children, is a significant medical con-

cern worldwide, with a rising prevalence and increased healthcare

Abstract

Background: Peanut allergy diagnosis relies on clinical reactivity to peanut supported
by detection of specific IgE (sIgE) antibodies. Extract-based sIgE tests have low speci-
ficity, so component-resolved diagnostics may complement whole-extract testing.
Methods: We systematically collected peanut allergen component data in seven da-
tabases and studied the diagnostic accuracy of peanut storage proteins (Arahi, 2, 3)
and cross-reactive peanut proteins (Arah8 PR-10 and Arah9 lipid transfer protein)
through meta-analyses. The systematic literature review included studies employ-
ing peanut components and oral food challenge (OFC) as reference standard in pa-
tients suspected of peanut allergy. Data for component sIgE at pre-defined detection
thresholds were extracted and combined in random-effects bivariate meta-analyses.
Risk of bias was assessed as recommended by Cochrane, with two additional quality
items of importance for this review.

Results: Nineteen eligible studies presented data suitable for meta-analysis. In cross-
sectional pediatric studies, the pooled sensitivity of Arah2-sIgE at 0.35 kU, /L cutoff
was 83.3% [95% Cl 75.6, 88.9] and specificity in diagnosing objective peanut allergy
was 83.6% [95% Cl 77.4, 88.4]. Compared with 0.1 and 1.0 kU,/L, this threshold
provided the best diagnostic accuracy. At 0.35 kU, /L, Arah1 and Arah3 had compa-
rable specificity (86.0% and 88.0%, respectively) but significantly lower sensitivity
compared with Arah2 (37.0% and 39.1%, respectively; P < .05).

Conclusion: sIgE to Arah2 can enhance the certainty of diagnosis and reduce the

number of OFC necessary to rule out clinical peanut allergy in unclear cases.

KEYWORDS
allergen, Arah1, Arah2, Arah3, Arah8, component-resolved diagnostics, peanut, storage

protein

costs.? Clinical symptoms range from oral itching or tingling, lo-
calized urticaria, nausea, abdominal pain, vomiting, wheezing, and
breathlessness to systemic life-threatening anaphylaxis.® Peanut
extract specific immunoglobulin E (sIgE) is measured for diagnosis,*

but traditional extract-based sensitization tests are limited by a low
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specificity (59%, 95% confidence interval [CI] 45%-72%),° as slgEs
to proteins of little clinical relevance are also measured. In recent
years, the development of peanut allergen component-resolved di-
agnostics (CRD) has provided additional diagnostic information and
complementary clinical value.® In CRD, slgE to individual allergens
is measured, and sensitization to primary and cross-reactive peanut
allergens can be distinguished.”

Several peanut component proteins have been described.®
Arah1, 2, and 3 are heat- and proteolysis-resistant seed storage pro-
teins that are considered major peanut allergens. Further, Arah5, 8,
and 9 allergens belong, respectively, to the profilin, Betvl homo-
logue, and lipid transfer protein (LTP) families. Arah4 is an isoform
of Arah3, while Arahé is structurally similar to Arah2. Seed storage
proteins have limited potential for cross-reactivity, which is rele-
vant for diagnostic purposes, because IgE to highly cross-reactive
allergenic molecules lack specificity.® Studies have shown that sen-
sitization to storage proteins in nuts and seeds is associated with
more severe symptoms, while sensitization to pollen cross-reac-
tive PR-10 proteins, homologous to the major birch pollen allergen
Betv1, predominantly induces mild local symptoms (oral allergy syn-
drome).1° Sensitization to the heat and enzyme-stable non-specific
LTP with cross-reacting epitopes to other nsLTP is common in the
Mediterranean area.!!

There have been recent attempts to systematically search the
literature to summarize the diagnostic accuracy of peanut compo-
nents through meta-analyses'?'3; however, as too few studies met
the inclusion criteria in those reviews, only narrative syntheses
were presented. In light of the growing number of studies using
CRD in the diagnosis of peanut allergy, we conducted a system-
atic literature review with the objective of assessing the quality
and consistency of evidence that sensitization to components is
helpful in reducing both the time to diagnosis and the need for
oral food challenges (OFC). In our study, quantitative meta-analy-
ses were conducted to summarize the findings and determine the
diagnostic accuracy of peanut storage proteins (Arah1, 2, 3), the
PR-10 protein Arah8, and the Arah9 LTP at pre-defined cutoffs in
patients suspected of peanut allergy based on previous reactions
or sensitization to peanut.

2 | METHODS
2.1 | Search strategy

Seven electronic databases were systematically searched (MEDLINE,
MEDLINE In-Process, EMBASE, PubMed, Cochrane Central Register
of Controlled Trials, NIH Clinicaltrials.gov, and WHO International
Clinical Trials Registry Platform) for records published prior to
October 3, 2018, using the search terms “peanut hypersensitivity”
or “nut hypersensitivity” as index terms with peanut* or groundnut*
or hazelnut® or cobnut* or filbert* and allerg* or sensitivit* or hy-
persensitivit® or reaction in the title or abstract, and with “immu-

noglobulin e” as an index term or “immunoglobulin e” or “sIgE” in

Key Message

We present the first meta-analysis on diagnostic accuracy
of peanut components in patients suspected of peanut al-
lergy. We demonstrate that sIgE to peanut storage proteins
Arah1, 2 and 3 are highly specific for objective peanut al-
lergy in children, while Arah8- and Arah9-sIgE are of low
clinical relevance. We highlight Arah2 as a key marker of
high accuracy in children. sIgE to Arah2 could increase the
certainty of peanut allergy diagnosis. A correct final diag-
nosis could be reached more quickly and safely, and reduce

the number of oral food challenges needed.

the abstract or title. A first literature search was conducted up to
January 22, 2016, and an updated literature search was done from
January 2016 to October 3, 2018. Complementary hand searching
of reference lists of selected systematic reviews published between
2011 and October 3, 2018, in relevant allergy journal websites was

also undertaken. The detailed search strategy is available on request.

2.2 | Inclusion criteria and data extraction

Included studies meeting pre-defined eligibility criteria were pub-
lished in English between January 1, 2010, and October 3, 2018,
enrolled at least 15 patients of any age suspected of peanut allergy,
and where slgE to at least one peanut allergen component (Arah1, 2,
3, 6, 8, 9) had been measured. Oral food challenges (blind or open)
was the reference standard; exceptions included patients classi-
fied as peanut allergic based on a recent anaphylaxis event or other
convincing evidence confirmed by an allergist. To be included in the
review, a minimum of 50% of patients must have received an OFC.
Reviews, abstracts, case reports, and editorials were excluded.
Full-text articles were reviewed by two external independent ex-
pert analysts, and disagreements were resolved through discussion.
Extracted data were summarized into 2 x 2 tables describing the
index test results at each reported cutoff (Table S1). Since data at
pre-defined thresholds were extracted, studies using semi-quanti-
tative methods for sIgE determinations were not included. A me-
ta-analysis that includes studies with mixed thresholds will produce
an estimate that relates to an unspecified average threshold that
is not clinically meaningful.14 Therefore, to be included in the me-
ta-analysis, peanut component data needed to be reported at a cut-
off of either 0.10, 0.35, 1.0, or 5.0 kU, /L. Peanut extract sIgE data
at 0.35 kU, /L were used as a reference for results interpretation.
The reviewers assessed risk of bias of the included studies using
11 quality items listed in the Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy,’® plus an additional two qual-
ity items of importance for this review (“Were cutoff values estab-
lished before the study was started?” and “Was the study free of

commercial funding?”). As per the Cochrane recommendations, a
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benchmarking exercise was conducted prior to the quality assess-
ment to determine the minimum criteria for each quality item. A
quality item was coded “yes” if it met the benchmark criteria, “no”
if it did not meet the benchmark criteria, or “unclear” if there was

insufficient information available to make a judgment.*

2.3 | Diagnostic accuracy determination—
statistical analyses

From the constructed 2 x 2 tables, we calculated estimates of sen-
sitivity and specificity with 95% Cls, and the data were visualized as
paired forest plots. The Lieberman et al study'® covered four sites,
one of which (Site 2) included a patient population that was not rel-
evant (treated/immunotherapy). One cohort in the Lieberman et al
study?® (Site 4) was identical to the cohort investigated by Glaumann

et al'’

and already included in the analysis dataset; therefore, data
from this cohort were not included in the meta-analysis.

The primary diagnostic meta-analysis included all studies
that met the inclusion criteria presenting data at the pre-defined
threshold 0.35 kU,/L. Secondary diagnostic meta-analyses fo-
cused on pediatric subjects and, depending on the availability
of data, were performed at the commonly used 0.10 kU,/L (the
analytical limit of detection) and 0.35 kU,/L thresholds applied
in the retrieved studies and also at 1.0 kU,/L for sIgE to Arah2.
For each analysis and threshold, a random-effects meta-analysis
model using the Reitsma bivariate method'® was run to estimate
the tests' pooled sensitivities, pooled specificities, and area under
the curve (AUC). Outcomes were plotted as forest plots and as
summary receiver operating characteristic (SROC) curves. From
sROC analyses, the tests' diagnostic accuracies were considered
significantly different if there was no overlap of the 95% Cls el-
lipses. Heterogeneity was assessed with the Higgins I? test,*
which is the total between study variance divided by the total vari-
ance expressed as a percentage; when I? is lower than 40%, the
heterogeneity between studies is considered low.2° Diagnostic
odds ratios (DOR) and positive and negative likelihood ratios (LR+/
LR-) were calculated; LRs 95% Cls were calculated using the Log
method.?! The “Mada” package of the statistical software R (ver-
sion 3.3.0)?223 was used to fit all analyses.*® The statistical signif-

icance level was set at 0.05.

2.4 | Estimation of predicted clinical implications

The clinical implications of the key findings from the diagnostic
meta-analyses were calculated and projected using the average
disease prevalence from the included pediatric studies to estimate
the percentage of patients who would be accurately diagnosed with
peanut components at 0.10 and 0.35 kU,/L cutoffs. Results were
grouped as “correctly classified” (the sum of true positives [TPs] and
true negatives [TNs]) - or “incorrectly classified” (the sum of false

positives [FPs] and false negatives [FNs]).

3
WILEY-
3 | RESULTS

3.1 | Study characteristics and methodological
quality

The systematic literature search identified 2225 unique citations.
After excluding 2025 citations, 200 publications were reviewed in
full leading to the identification of 19 studies relevant for inclusion
in the meta-analysis (Figure 1A, Table 1).16:17,:24-39

The included studies presented data from Europe, the United
States, Canada, Asia, and Australia. Seventeen concerned only in-
fants/children(<18years),oneincludedadultsonly,andonereported
data on a mixed adult-child population (Table 1).* A cross-sectional
design was used in 17 studies, while two studies had a case-con-
trol design. The diagnostic accuracy at the 0.35 kU,/L threshold
was reported in 16 studies for Arah2-sIgE,¢:17:24-26,28-32,34-37.39 3,
8 studies for Arahl-and Arah3—sIgE,16'17'24'28'32'35’36 and in 9 stud-
ies for Arah8-sIgE (Table 1).1¢17:2428:32.35,36.39 Fina|ly, six studies
reported data for Arah9 at the 0.35 kU, /L cutoff.}”2428:29.35.3¢ |
all included studies, the same assay platform was used to quantify
slgE levels (ImmunoCAP™). Extracted data underlying the primary
and secondary meta-analyses are listed in the online supplement
(Table S1).

The assessment of methodological quality of included studies
indicated that no concerns regarding the applicability of the stud-
ies were found. Eight studies were marked down because a positive
OFC could have been determined by subjective clinical symptoms,
or diagnosis of peanut allergy was based on subjective clinical evi-
dence of allergy other than anaphylaxis.?#%729-31:343538 Eight stud-
ies were marked down because not all patients received the same
reference standard. Some patients were classified based on OFC and
others based on clinical history or previous anaphylaxis. This does
not imply that the methodological quality of these studies was low;
differential verification of disease status is standard practice since
OFC would not be appropriate for all patients,242°27:30.31,34.35,37.39
Some studies were marked down for using both blind and open OFC,
but the rationale for not using double-blind placebo controlled food
challenge (DBPCFC) in younger patients was justified, as per clinical
recommendations. Overall, the risk of bias in the studies included in
the analyses did not compromise the quality of our diagnostic me-
ta-analyses (Figure 1B). A detailed analysis is provided in the online

supplement (Table S2).

3.2 | Diagnostic accuracy determination—meta-
analyses

3.2.1 | Primary analysis: all included studies at
0.35kU,/L

Forest plots of diagnostic sensitivity and specificity of each com-
ponent sIgE at 0.35 kU,/L cutoff per included study are shown in
Figure 2. Across studies, the diagnostic sensitivity of Arah2-slgE
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FIGURE 1 Study characteristics. A, PRISMA flow diagram of included studies “Liebermann et al report two studies of interest.!® B, Risk
of bias and applicability concerns. Reviewer judgments on 13 quality items presented as percentages across included studies
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(A1)
Arah1 TP FN FP TN  Sensitivity (95% CI) Specificity (95% Cl)
Ballmer-Weber 2015 (a) 18 29 0 24 38.3 (24.5, 53.6) 100.0 (85.8, 100.0) --
Ballmer-Weber 2015 (ch) 12 9 0 2 57.1 (34.0, 78.2) —8—  1000(158,100.0) ———yil
Comberiati 2016 111 2 18 83(0.2,385) H— 90.0 (68.3, 98.8) —-
Ebisawa 2012 10 16 7 24 38.5(20.2, 59.4) —- 77.4(58.9, 90.4) -
Glaumann 2012 23 2 2 1 92.0 (74.0, 99.0) —M  84.6(54.6,98.1) —
Kukkonen 2015 39 2 5 36 63.9 (50.6, 75.8) - 87.8 (73.8, 95.9) -
Lieberman 2013 (Site 1) 2 2 2 19 83(1.0,270) 4— 90.5 (69.6, 98.8) —-
Lieberman 2013 (Site 3) 6 15 4 23 286(113,522) —fi— 85.2 (66.3, 95.8) —-
Suratannon 2013 5 14 1 20 263(92,51.2) —fi— 95.2 (76.2, 99.9) -
Pooled values 40.7(24.6,59.1)  —@— 85.3 (79.3, 89.7) *
7=2.9%

0 20 40 60 80100 0 20 40 60 80 100
Arah2 TP FN FP TN  Sensitivity (95% CI) Specificity (95% CI)
Ballmer-Weber 2015 (a) 18 29 0 24 38.3 (24.5, 53.6) 100.0 (85.8, 100.0) --
Ballmer-Weber 2015 (ch) 20 1 0 2 95.2 (76.2, 99.9) — 1000 (158, 100.0) —M
Beyer 2015 77 13 17 103 856(76.6,92.1) & 858(783,915) =
Comberiati 2016 7 5 2 18 58.3 (27.7,84.8) —@—  90.0(68.3,988) —=
Dang 2012 81 19 7 93 81.0(71.9,88.2) 4  930(86.1,97.1) L |
Ebisawa 2012 23 3 5 26 88.5 (69.9, 97.6) —iF 83.9(66.3,94.6) -
Glaumann 2012 24 1 2 1 96.0 (79.7, 99.9) —B 846 (546,98.1) —a
Keet 2013 23 3 10 25 88.5 (69.9, 97.6) —F 71.4(53.7,854) -
Klemans 2013a 33 22 6 33 60.0 (45.9, 73.0) - 84.6 (69.5,94.1) -
Klemans 2013b 43 4 15 38 915 (79.6, 97.6) B 717(57.7,832) -
Kukkonen 2015 58 3 11 30 95.1(86.3, 99.0) 4 732(57.1,858) —-
Lieberman 2013 (Ste 1) 16 8 1 20 66.7 (44.7, 84.4) —l—  952(76.2,99.9) -
Lieberman 2013 (Ste 3) 12 9 2 25 57.1 (34.0, 78.2) —-— 92.6 (75.7,99.1) -
Martinet 2016 45 3 0 33 93.8 (82.8, 98.7) - 100.0 (89.4, 100.0) -
Nicolau 2011 29 0 2 50  100.0(88.1,100.0) 4 96.2(86.8, 99.5) --
Schots 2016 27 4 7 14 87.1(70.2, 96.4) — 667 (430,85.4) —
Suratannon 2013 13 6 1 20 68.4 (43.5,87.4) —@—  952(762,99.9) —--
Pooled values 80.5 (71.9, 87.0) <4 85.3(79.3,89.5) S

17=8.5%

————— ——
0 20 40 60 80100 0 20 40 60 80 100

—_— Arah1

37.0[16.7, 63.3]
— Arah2 83.3[75.6, 88.9]
—— ot Arah3 39.1[22.9, 58.1]
—_— Arah8 41.9[29.3,55.7]
—— Lo Arah9 19.2[11.8,29.5]
i PeanutsigE  92.8 (87.6, 96.0]
0 20 40 60 80 100
Sensitivity
- Arah1 86.0 [79.6, 90.6]
- Arah?2 83.6 [77.4, 88.4]
i —— Arah3 88.0 [79.6, 93.3]
—_— Arah8 59.7[37.9, 78.3]
: : —_— Arah9 81.262.0, 92.0]
—I— PeanutsigE  26.9[17.3, 39.2]
0 20 40 60 80 100
Specificity

WILEY-Z

(A2)
Arah3 TP FN FP TN  Sensitivity (95% CI) Specificity (95% CI)
Ballmer-Weber 2015 (a) 9 38 0 24 19.1(9.2,333) <= 100.0 (85.8, 100.0) -
Ballmer-Weber 2015 (ch) 8 13 0 2 38.1(18.1,61.6) =il 1000 (15.8, 100.0) el
Comberiati 2016 2 10 0 20 16.7 (2.1,48.4) i 100.0 (83.2, 100.0) -
Ebisawa 2012 115 6 25  423(233,63.1) i 80.6 (62.5, 92.6) —-
Glaumann 2012 21 4 4 9 84.0 (63.9, 95.5) —  69.2(386,90.9) —
Kukkonen 2015 35 26 4 37 57.4(44.1,700) - 90.2 (76.9,97.3) -
Lieberman 2013 (Site 1) 4 20 1 20 16.7 (47,37.4)  alffpm 95.2 (76.2,99.9) -
Lieberman 2013 (Site 3) 6 15 1 26  286(113,522) enfggem 96.3 (81.0,99.9) -
Suratannon 2013 4 15 2 19 214(61,456) g 90.5 (69.6, 98.8) ——
zog:;ed values 36.6(236,519)  _gm 89.2 (81.8,93.8) -
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Ballmer-Weber 2015 (a) 15 32 3 21 31.9(19.1,47.1) g 87.5 (67.6,97.3) =
Ballmer-Weber 2015 (ch) 8 13 1 1 38.1(18.1,616) g 50.0 (1.3, 98.7) -
Comberiati 2016 3 9 8 12 25.0(55,572) el 60.0 (36.1, 80.9) e
Ebisawa 2012 M 15 6 25 423(234,631) g 80.6 (62.5, 92.6) .
Glaumann 2012 9 16 9 4 36.0(18.0,575) i 308(9.1,614) i
Kukkonen 2015 48 13 35 6 78.7 (6.3, 88.1) 4B 146(56,292) 4=
Lieberman 2013 (Site 1) 9 15 9 12 375(18.8,59.4) =il 57.1(34.0,78.2) —
Lieberman 2013 (Site 3) 10 11 17 10 47.6(25.7,70.2) —— 37.0(194,576)  =fl—
Martinet 2016 15 33 5 28  313(187,46.3) = 84.8 (68.1,94.9) —-
Suratannon 2013 3 16 0 21 158 (8.4,30.4) T 100.0 (83.9, 100.0) -
Pooled values 41.0 (30.6, 52.1) . 62.9 (43.6,78.8) —
2=1.7%
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Comberiati 2016 3 9 9 1 250(55,57.2) —iffp— 55.0 (31.5, 76.9) —.—
Ebisawa 2012 4 22 4 27 154(44,349) = 87.1(70.2, 96.4) -
Glaumann 2012 3 2 2 1 12.0(26,312) = 84.6 (54.6, 98.1) —.
Suratannon 2013 5 14 1 20 263(92,512) —fi— 95.2 (76.2, 99.9) -
Pooled values 224(16.1,302) 4= 74.8 (57.3, 86.7) —
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FIGURE 2 Diagnostic accuracy of sIgE to peanut components. A, Sensitivity and specificity of sIgE to peanut components per included
study, with pooled estimates (primary analysis: 0.35 kU, /L cutoff). (a), adults; (ch), children; CI, confidence interval; FN, false negatives; FP,
false positives; TN, true negatives; TP, true positives. B, Pooled estimates of sensitivity and specificity for peanut component sIgE and sIgE

to peanut extract at 0.35 kU, /L threshold in cross-sectional pediatric studies (secondary analysis). Based on data from

varied from 38.3% to 100.0%, while the specificity ranged from
66.7% to 100.0%. Arahl-slgkE and Arah3-sIgE showed similar sen-
sitivities and specificities within studies (Figure 2), with larger dif-
ferences in sensitivities (8.3%-92.0% for Arahl and 16.7%-84.0%
for Arah3) than specificities (77.4%-100.0% for Arahl and 69.2%-
100.0% for Arah3). Arah8-slgE showed broad variation in both
sensitivity (15.8%-78.7%) and specificity (14.6%-100.0%) between

16,17,25,28,29,31-37,39

studies. Arah9 sensitivity values ranged between 12.0% and 27.7%
and displayed some variation in specificity (50%-100%).

The average pooled sensitivity of Arah2-slgk (80.5% [95% CI
71.9, 87.0]) differed significantly (P < .05) from that of other peanut
components included in the analysis: Arah1-sIgE (40.7% [24.6, 59.1],
Arah3-sIgE (36.6% [23.6, 51.9], Arah8-slgE (41.0% [30.6, 52.1]), and
Arah9-slgE (22.4% [16.1, 30.2]). The average pooled specificity of
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TABLE 2 Analysis of pediatric cross-sectional studies: pooled sensitivity and specificity (bivariate analyses) for all components and for

peanut extract at common thresholds

Component or Sensitivity (%) Specificity (%)
extract/threshold [95% ClI] [95% CI]
Arahl
0.10 kU, /L 64.5[27.1, 89.9] 61.9 [42.2,78.4]
0.35kU,/L 37.0[16.7, 63.3] 86.0[79.6,90.6]
Arah2
0.10 kU, /L 92.1[88.2,94.8] 62.8[55.3, 69.7]
0.35kU,/L 83.3[75.6, 88.9] 83.6[77.4,88.4]
1.0kU,/L 71.2[63.8,77.6) 88.7[80.2, 93.8]
Arah3
0.10 kU, /L 61.9 [24.0, 89.3] 55.0[36.4,72.2]
0.35kU,/L 39.1[22.9,58.1] 88.0[79.6,93.3]
Arah8
0.10 kU, /L 44.7[23.3, 68.4] 57.2[35.1,76.8]
0.35kU,/L 41.9[29.3,55.7] 59.7 [37.9,78.3]
Arah9
0.10 kU, /L 32.4[14.4,57.7] 77.8[66.9,85.9]
0.35kU,/L 19.2 [11.8, 29.5] 81.2 [62.0,92.0]

Peanut extract sIgE

0.35 kU, /L 92.8 [87.6, 96.0] 26.9 [17.3,39.2]

DOR LR+ LR-

AUC [95% Cl] [95% Cl] [95% Cl]

0.66 3.3[0.9,12.¢] 1.69 [1.22, 2.35] 0.57[0.41,0.81]
0.85 4.3[1.5,12.2] 2.64[1.75,3.99] 0.73[0.65,0.83]
0.89 274 [11.4, 65.8] 2.48[2.16, 2.84] 0.13[0.09, 0.18]
0.90 29.1[17.7, 47.9] 5.08 [4.14, 6.23] 0.2[0.16, 0.25]
0.82 23.9 (8.2, 69.8) 6.3[4.29,9.25] 0.32[0.26,0.41]
0.58 2.3[0.5,11.0] 1.38(1.02, 1.86) 0.69 [0.49, 0.98]
0.80 5.6 [3.1,9.9] 3.26(2.11, 5.03) 0.69 [0.61, 0.79]
0.51 1.0[0.3, 3.6] 1.04 (0.78, 1.40) 0.97[0.77, 1.21]
0.47 1.0[0.5,1.8] 1.04(0.83, 1.30) 0.97[0.83, 1.14]
0.77 1.5[0.3, 6.3] 1.46(0.86, 2.46) 0.87[0.72, 1.06]

0.21 1.1[0.4,3.1] 1.02 (0.55, 1.91) 1.00[0.86, 1.15]

0.79 5.2[1.8,14.8] 1.27 (1.18, 1.37) 0.27[0.17,0.42]

Note: Arah1 and Arah3 data from!¢17:28:29.32:3536. Arah2 data from?6:17:2527-29.31-39. Arah8 data from¢728:29.32:35.36.39. Arah9 data from!”:28:22:35:3¢,

peanut extract data from.16:17:25.28,33,34,36,39

Abbreviations: AUC, area under the curve; Cl, confidence interval; DOR, diagnostic odds ratio; LR, likelihood ratio.

Arah8 slgE (62.9% [43.6, 78.8]) differed significantly (P < .05) from
that of the peanut storage proteins included in the analysis: Arah1-
sIgE (85.3% [79.3, 89.7], Arah2-sIgE (85.3% [79.8, 89.5]), and Arah3-
sIgE (89.2% [81.8, 93.8]).

3.2.2 | Secondary analysis—cross-sectional
pediatric studies

To increase the stringency, all further analyses focused on data
from cross-sectional pediatric studies only, excluding data from
one adult study®® and two case-control studies.?*?® The pooled
sensitivity of slgE to Arah2 (83.3% [75.6, 88.9]) at 0.35 kU,/L
cutoff was significantly higher than that of any other peanut
component slgE (P < .05, Figure 2B). No difference in pooled sen-
sitivities was detected between sIgE to Arahl, Arah3, or Arah8
(ranging from 39.1% for Arah2-slgk to 41.9% for Arah8-sIgE
(Figure 2B, Table 2). Arah9 sensitivity was lower than Arahi1, 3,
and 8, although not significantly (19.2% [11.8, 29.5]). The pooled
sensitivities of Arah2-slgE and peanut extract sIgk (92.8% [87.6,
96.0]) overlapped, while all other peanut component slgE was sig-
nificantly less sensitive than peanut extract sIgE (P < .05). Pooled
specificities of sIgE to Arah1 (86.0% [79.6, 90.6]), Arah2 (83.6%
[77.4, 88.4]), Arah3 (88.0% [79.6, 93.3]), and Arah9 (81.2% [62.0,

92.0]) did not differ from each other and were all more specific

than Arah8 (59.7% [37.9, 78.3]), (Figure 2B). The Arah1, 2, and 3
storage proteins and Arah9 showed significantly higher specificity
than sIgE to peanut extract (26.9% [17.3, 39.2]).

Figure 3 displays the pooled sensitivities and specificities from
cross-sectional pediatric studies of all peanut component slIgE at
0.35 kU, /L and the sROC curves, showing that sIgE to Arah2 has
the highest diagnostic accuracy and the best data consistency, as
indicated by the narrow 95% Cl ellipse (I> = 15.5%). In contrast,
Arah8-sIgE and Arah9-sIgE have low diagnostic performance, as
reflected by the shape of the sROC curves and the wide Cls. Arah1
and Arah3-slgE are characterized by similar overall diagnostic
accuracies.

The sensitivity, specificity, AUC, DOR, and positive and nega-
tive likelihood ratios (LR+/LR-) were calculated for slIgE to all pea-
nut components at the 0.10 and 0.35 kU,/L cutoffs, as well as at
1.0 kU, /L for Arah2-sIgE (Table 2). Pooled sensitivities and specific-
ities of Arah2-slgE at the three cutoffs are depicted in SROC plots in
Figure 3B. There was no significant difference in sensitivity of any
of the peanut component slgE between 0.10 kU,/L and 0.35 kU, /L
cutoffs (Table 2). However, as expected, the specificity of Arah2-
slgE was significantly higher at 0.35 kU, /L (83.6% [77.4, 88.4)] and
1.0 kU,/L (88.7% [80.2, 93.8)] than at the lower 0.10 kU, /L thresh-
old (62.8% [55.3, 69.7)]. Further increasing the cutoff to 1.0 kU,/L
did not significantly increase the specificity (Table 2, Figure 3B).

Unlike the seed storage proteins, no significant change in specificity
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FIGURE 3 SROC curves in cross-sectional pediatric studies.

A, sIgE to peanut components and peanut extract at 0.35 kU, /L
threshold. Diamonds indicate pooled estimates, and ellipses
indicate 95% Cls. Based on data from,¢:1725:28.29.31-37.39 g _SRQC
curves comparing Arah2-sIgE at different thresholds. Symbols
indicate pooled estimates, and ellipses indicate 95% Cls. 0.1 kU, /L
data from seven studies (black square symbol with dashed line),
0.35 kU,/L data from 13 studies black (round symbol with solid
line), and 1.0 kU /L data from four studies (black triangular symbol
with dashed and dotted line) based on data from cross-sectional
studies in children. Red symbol shows data for sIgE to peanut

extract at 0.35 kU, /L for comparative purposes. Based on data
from16:17.25.28,29,31,32,34-37,39

for sIgE to Arah8 or Arah9 was detected by raising the cutoff from
0.10kU,/L to 0.35 kU, /L (Table 2).
Compared with other components analyzed, Arah2-sIgE at

0.35 kU,/L showed favorable values in the diagnostic parameters

Cutoff 0.10 kU,/L
50 1

40
aTp
aTN
ofFp
BFN

Arah1 Arah3

Cutoff 0.35 kU, /L
50

aTp
BTN

EFN

Arah3

Arah1 Arah2

20D

FIGURE 4 Diagnostic outcome of sIgE to peanut storage
proteins in children at thresholds of 0.10 and 0.35 kU, /L using
the disease prevalence of included studies (459/947, 48.5%).
Histograms show percent false negative (FN), false positive (FP),
true negative (TN), and true positive (TP), and pie charts depict
percentage of correctly diagnosed patients (gray) vs misdiagnosed
patients (white). Y-axes represent percentages; histograms show
TPs (blue), TNs (red), FPs (green), and FNs (purple). In the pie charts,
the gray slice represents the percentage of correctly diagnosed
individuals (TPs + TNs), while the white slice the percentage of
incorrectly classified individuals (FPs + FNs)

calculated, with a DOR of 29.1 [17.7, 47.9], LR+ of 5.1 [4.1, 6.2], and
LR- of 0.2 [0.2, 0.3]) (Table 2).

3.3 | Clinical implications of key findings

Based on the diagnostic performance and disease prevalence of the
retrieved cross-sectional pediatric studies included in the second-
ary analyses (459/947 pediatric patients, 48.5%), the merits of using
peanut component slgE testing in a hypothetical population of chil-
dren were calculated (Figure 4, Table S3). Arah2-sIgE would correctly
classify 83.5% of the children and would give 8.1% FN results using
the 0.35 kU,/L cutoff. Arah1-sIgE and Arah3-sIgE would correctly
diagnose 62.2% and 64.3% of subjects, respectively. The diagnostic
capacity of Arah8-slgE is considerably lower, with 51.0% of children
correctly diagnosed (20.8% FPs and 28.2% FNs). Similarly, Arah9-sIgE
would correctly diagnose 51.1% of children (9.7% FPs and 39.2% FNs).
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4 | DISCUSSION

In the scientific literature, there is an increasing body of evidence
demonstrating the utility of CRD in the workup of peanut-allergic
patients, showing that sIgE to peanut allergen components can help
differentiate between clinical manifestations of peanut aIIergy."*40
Through a systematic approach, we collected available published
data on the use of CRD in diagnosing allergy in patients suspected
of peanut allergy and employed tailored meta-analyses at commonly
used cutoffs to quantify and compare the diagnostic accuracies of
available sIgE peanut components.

Results show that sIgE to storage proteins Arah1, Arah2, and
Arah3 confer high specificity in diagnosing objective peanut allergy
in children, while overall sIgE to Arah8 and Arah9 has limited diag-
nostic accuracies. Arah2-slgE displays the highest overall diagnostic
accuracy, with both highest likelihood of correctly ruling in and low-
est likelihood for incorrectly ruling out peanut allergy. In children,
the sensitivity of Arah2-sIgE is not significantly different from that
of sIgE to peanut extract (Figure 2B), supporting its role as a primary

244142 3150 reflected by the consistent

sensitizer in peanut allergy,
low variation in data for this component.

The observed limited diagnostic utility of Arah8 was expected
in light of its extensive cross-reactivity with birch pollen-derived
Betv1, heavily influencing peanut sensitization in birch-rich areas.*®
In Northern Europe, Arah8 sensitization at most elicits local oral
symptoms, as demonstrated in a study where Swedish children were
sensitized to Arah8 but not to peanut storage proteins.** Similarly,
the limited diagnostic accuracy of Arah9 found in our meta-analysis is
most likely ascribable to regional differences with cross-reactivity be-
tween LTPs that are prominent in southern Europe, where LTPs play
an important role in food allergy.*® Our Arah9 data were based on re-
sults from several countries, but only one from the Mediterranean area

(Italy),®

which limits the global validity of our results. Nevertheless, it
should be noted that Arah2 is also a marker of primary peanut allergy
in Mediterranean countries.>®% The sensitivity and specificity data
presented here are in agreement with a previous systematic review
that did not carry out a meta-analysis.13 The lower pooled specificity
of sIgE to peanut extract in our study compared to that of Soares-
Wieser et al® (peanut sIgE sensitivity 59%) may be explained by the
fact that we did not systematically collect these data, by the different
search criteria, by the pooling of data from different cutoffs, and by
different methods used for meta-analyses.

The strengths of the present meta-analysis consist in the thor-
ough methodology applied where data were pooled using a robust
meta-analysis method.!®> The pediatric dataset used in the sensitiv-
ity analysis included only studies with cross-sectional design, which
closely resembles the clinical situation and minimizes the risk of over-
estimating diagnostic parameters.47 In comparison with Klemans et
al,*® our study included a greater number of studies and applied
stricter inclusion criteria with regard to the number of patients and
the use of reference standard. Indeed, based on I?> measurements,
the heterogeneity between studies included in the meta-analyses

was considered low. Moreover, both DBPCFC and open challenges

were accepted for defining peanut allergy, as it is acknowledged that
DBPCFC are seldom performed in clinical practice. A recent system-
atic literature review on food components only allowed for DBPCFC
as reference standard,? resulting in the retrieval of only two studies,
and hence, no meta-analyses could be performed. In this study, we
allowed for the inclusion of studies in which some patients were di-
agnosed as peanut-allergic based on recent anaphylactic events, and
this also ensured the inclusion of severely peanut-allergic subjects,
thus better representing the spectrum of patients suspected of
peanut allergy who would present to clinical practice. Our inclusion
criteria ensured that study populations and designs were adequate
for combining in a meta-analysis, as per Cochrane recommendations
(Table $2).3° As described in the methods, some articles were not
included in the meta-analysis because the data were not reported at
any of the pre-specified cutoffs of 0.1, 0.35, 1.0, or 5.0 kU, /L.

In clinical practice, the risk of under-diagnosing a potentially se-
vere allergy has to be thoroughly considered, while overdiagnosis
may impair patient and caregivers' quality of life.*® We addressed
diagnostic cutoff levels for optimal balance of over- and under-di-
agnosis. In a population with the same disease prevalence as in the
included studies (48.5%), 83.5% of the children would be correctly
diagnosed applying Arah2-sIgE at 0.35 kU, /L cutoff. As low levels
of slgE to storage proteins may also be clinically relevant, especially
in young children, it may be important to quantify the slgE levels
down to 0.10 kU,/L and to carefully review the clinical history of
each patient.®*’ Our data point to the importance of selecting the
threshold for Arah2 carefully. By lowering the cutoff level of sIgE
to Arah2 from 0.35 kU, /L to 0.10 kU, /L, fewer peanut-allergic pa-
tients would be classified as FNs (Figure 4). One might speculate
that if the suspicion of peanut allergy remains after the Arah2 level
is found to be <0.35 kU, /L, in clinical practice, it might be worth-
while to use the lower cutoff to minimize the risk of missing pa-
tients, even though the number of FPs will increase.

Testing for sIgE to additional peanut storage proteins Arah1 and
Arah3, and in the Mediterranean area potentially also Arah9, could
be considered to limit the risk of misclassifying patients. In our
study, we could not evaluate whether simultaneous testing for sIgE
to storage proteins Arahl and Arah3 in addition to Arah2 would
increase the proportion of correctly classified children with peanut
allergy, as these slgEs cannot be considered independent from sIgE
to Arah2.%° It is known that multisensitization to peanut storage
proteins appears to be associated with an increased overall risk for
reactions (including systemic reactions) compared with mono-sen-
sitization.3?°152 Also, for patients who are negative to Arah2 and
suspected of peanut allergy, it could be useful to test for Arah1 and
Arah3, as recently suggested by Magnusdottir and colleagues.>®

The limitations of our study are related to the scarcity of studies
on adult populations, which did not enable meta-analyses; there-
fore, the role of peanut CRD in adults remains to be investigated.
However, based on our results, one could speculate that slIgE to
Arah2 alone would be sufficient to correctly identify the vast ma-
jority of suspected peanut-allergic patients. Prospective studies

designed to evaluate a stepwise testing approach in the diagnostic
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workup of children suspected of peanut allergy will be needed for
application in clinical practice.

The data retrieved from the systematic review enabled me-
ta-analyses of sIgE to Arah1, Arah2, Arah3, Arah8, and Arah9, each
at several pre-defined cutoffs. Some components exhibit different
diagnostic accuracies in different geographic areas; more data are
needed to demonstrate the clinical utility of Arah9 in Mediterranean
patients. Finally, this systematic review did not retrieve studies pre-
senting quantitative data on Arahé-sIgE meeting the pre-defined
cutoffs, so further analysis of this component is needed.

In conclusion, systematically collected data show that sIgE to
peanut seed storage proteins confers high specificity in the diag-
nosis of childhood peanut allergy, and that sIgE to Arah2 has con-
sistently high diagnostic accuracy for objective peanut allergy in
children across geographic locations.*® Using CRD, a correct final
diagnosis could be reached more quickly and safely and reducing the
number of OFCs needed.
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eTable 1. Extracted data and calcul ated sensitivity and specificity

From all eligible studies (0.35 kUA/L cut-off); "cross-sectional studies on children (0.35 kU/L cut-off) *case-control studies on children

Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
[95% CI] [95% CI]
Arah 1 Ballmer-Weber, 2015 18 29 0 24 38.3 100.0
(a)* [24.5,53.6] | [85.8,100.0]
Ballmer-Weber, 2015 12 9 0 2 57.1 100.0
(ch)* [34.0,782] | [15.8, 100.0]
Comberiati, 2016 1 11 2 18 8.3 90.0
[0.2,38.5] [68.3, 98.8]
Ebisawa, 2012' 10 16 7 24 385 77.4
[20.2, 59.4] [58.9, 90.4]
Glaumann, 2012 23 2 2 11 92.0 84.6
[74.0, 99.0] [54.6, 98.1]
Kukkonen, 2015 39 22 5 36 63.9 87.8
[50.6, 75.8] [73.8, 95.9]




Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
[95% CI] [95% CI]
Lieberman, 2013 (Site 2 22 2 19 8.3 90.5
)" [1.0, 27.0] [69.6, 98.8]
Lieberman, 2013 (Site 6 15 4 23 28.6 85.2
3) [11.3,52.2] [66.3, 95.6]
Suratannon, 2013" 5 14 1 20 26.3 95.2
[9.2, 51.2] [76.2, 99.9]
Arah 2 Ballmer-Weber, 2015 18 29 0 24 38.3 100.0
@ [24.5,53.6] | [85.8,100.0]
Ballmer-Weber, 2015 20 1 0 2 95.2 100.0
(ch)* [76.2,99.9] | [15.8,100.0]
Beyer, 2015 77 13 17 103 85.6 85.8
[76.6, 92.1] [78.3, 91.5]
Comberiati, 2016 7 5 2 18 58.3 90.0
[27.7, 84.8] [68.3, 98.9]
Dang, 2012 81 19 7 93 81.0 93.0
[71.9, 88.2] [86.1, 97.1]




Index test | Reference True False False True Sensitivity Specificity

Positives Negatives Positives Negatives (%) (%)
[95% CI] [95% ClI]

Ebisawa, 2012" 23 3 5 26 88.5 83.9
[69.9, 97.6] [66.3, 94.6]

Glaumann, 2012 24 1 2 11 96.0 84.6
[79.7, 99.9] [54.6, 98.1]

Keet, 2013" 23 3 10 25 88.5 71.4
[69.9, 97.6] [53.7, 85.4]

Klemans, 20134’ 33 22 6 33 60.0 84.6
[45.9, 73.0] [69.5, 94.1]

Klemans, 2013b" 43 4 15 38 91.5 71.7
[79.6, 97.6] [57.7, 83.2]

Kukkonen, 2015" 58 3 11 30 95.1 73.2
[86.3, 99.0] [57.1, 85.9]

Lieberman, 2013 (Site 16 8 1 20 66.7 95.2
)" [44.7, 84.4] [76.2, 99.9]

Lieberman, 2013 (Site 12 9 2 25 57.1 92.6
3)" [34.0, 78.2] [75.7,99.1]




Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
[95% ClI] [95% CI]
Martinet, 2016" 45 3 0 33 93.8 100.0
[82.8, 98.7] [89.4, 100.0]
Nicolau, 2011" 29 0 2 50 100.0 96.2
[88.1, 100.0] [86.8, 99.5]
Schots, 2016" 27 4 7 14 87.1 66.7
[70.2, 96.4] [43.0, 85.4]
Suratannon, 2013" 13 6 1 20 68.4 95.2
[43.5, 87.4] [76.2, 99.9]
Arah 3 Ballmer-Weber, 2015 9 38 0 24 19.1 100.0
€ [9.2, 33.3] [85.8, 100.0]
Ballmer-Weber, 2015 8 13 0 2 38.1 100.0
(ch)¥ [18.1, 61.6] [15.8, 100.0]
Comberiati, 2016" 2 10 0 20 16.7 100.0
[2.1, 48.4] [83.2, 100.0]
Ebisawa, 2012" 11 15 6 25 42.3 80.6
[23.3, 63.1] [62.5, 92.6]




Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
[95% CI] [95% ClI]
Glaumann, 2012 21 4 4 9 84.0 69.2
[63.9, 95.5] [38.6, 90.9]
Kukkonen, 2015 35 26 4 37 57.4 90.2
[44.1, 70.0] [76.9, 97.3]
Lieberman, 2013 (Site 4 20 1 20 16.7 95.2
N [4.7,37.4] [76.2,99.9]
Lieberman, 2013 (Site 6 15 1 26 28.6 96.3
3)" [11.3, 52.2] [81.0, 99.9]
Suratannon, 2013' 4 15 2 19 21.1 90.5
[6.1, 45.6] [69.6, 98.9]
Arah 8 Ballmer-Weber, 2015 15 32 3 21 31.9 87.5
(a) [19.1, 47.1] [67.6, 97.3]
Ballmer-Weber, 2015 8 13 1 1 38.1 50.0
(ch)¥ [18.1, 61.6] [1.3, 98.7]
Comberiati, 2016 3 9 8 12 25.0 60.0
[5.5,57.2] [36.1, 80.9]




Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
[95% CI] [95% CI]
Ebisawa, 2012" 11 15 6 25 42.3 80.6
[23.4, 63.1] [62.5, 92.6]
Glaumann, 2012 9 16 9 4 36.0 30.8
[18.0, 57.5] [9.1, 61.4]
Kukkonen, 2015 48 13 35 6 78.7 14.6
[66.3, 88.1] [5.6, 29.2]
Lieberman, 2013 (Site 9 15 9 12 375 57.1
)" [18.8, 59.4] [34.0, 78.2]
Lieberman, 2013 (Site 10 11 17 10 47.6 37.0
3)T [25.7, 70.2] [19.4, 57.6]
Martinet, 2016 15 33 5 28 31.3 84.8
[18.7, 46.3] [68.1, 94.9]
Suratannon, 2013" 3 16 0 21 15.8 100.0
[8.4, 39.4] [83.9, 100.0]
Arah 9 Ballmer-Weber, 2015 13 34 12 12 27.7 50.0
(a) [15.6, 42.6] [29.1, 70.9]




Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
[95% CI] [95% CI]
Ballmer-Weber, 2015 4 17 0 2 19.0 100.0
(ch)* [5.5, 41.9] [15.8, 100.0]
Comberiati, 2016 3 9 9 11 25.0 55.0
[5.5, 57.2] [31.5, 76.9]
Ebisawa, 2012" 4 22 4 27 15.4 87.1
[4.4,34.9] [70.2, 96.4]
Glaumann, 2012 3 22 2 11 12.0 84.6
[2.6, 31.2] [54.6, 98.1]
Suratannon, 2013' 5 14 1 20 26.3 95.2
[9.2, 51.2] [76.2, 99.9]
Peanut sIgE| Balmer-Weber, 2015 33 14 13 11 70.2 458
@ [55.1, 82.7] [25.6, 67.2]
Ballmer-Weber, 2015 20 1 1 1 95.2 50.0
(ch)¥ [76.2, 99.9] [1.3, 98.7]
Beyer, 2015 86 4 89 31 95.6 25.8
[89.0, 98.8] [18.3, 34.6]




Index test | Reference True False False True Sensitivity Specificity

Positives Negatives Positives Negatives (%) (%)
[95% CI] [95% ClI]

Comberiati, 2016 11 1 17 3 91.7 15.0
[61.5, 99.8] [3.2, 37.9]

Dang, 2012 91 9 32 68 91.0 68.0
[83.6, 95.8] [57.9, 77.0]

Ebisawa, 2012" 26 0 24 7 100.0 22.6
[86.8, 100.0] [9.6, 41.1]

Glaumann, 2012 25 0 9 4 100.0 30.8
[86.3, 100.0] [9.1, 61.4]

Leo, 2015' 19 1 7 3 95.0 30.0
[73.1, 99.9] [6.7, 65.3]

Lieberman, 2013 (Site 20 4 19 2 83.3 9.5
N [62.6, 95.3] [1.2, 30.4]

Lieberman, 2013 (Site 18 3 23 4 85.7 14.8
3)f [63.7, 97.0] [4.2,33.7]

Martinet, 2016 47 1 9 24 97.9 72.7
[88.9,100.0] | [54.5, 86.7]




Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)

[95% CI] [95% CI]
Nicolau, 2011 28 1 38 14 96.6 26.9

[84.2, 99.9] [15.6, 41.0]




From all children cross-sectional studies (0.10 kUA/L cut-off)

Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
Arah 1 Ebisawa, 2012 19 7 16 15 731 484
[52.2, 88.4] [30.2, 66.9]
Glaumann, 2012 23 2 5 8 92.0 61.5
[74.0, 99.0] [31.6, 86.1]
Keet, 2013 6 20 7 28 231 80.0
[9.0,43.7] [63.1, 91.6]
Arah 2 Beyer, 2015 84 6 40 80 93.3 66.7
[86.1, 97.5] [57.5, 75.0]
Ebisawa, 2012 24 2 14 17 92.3 54.8
[74.9, 99.1] [36.0, 72.7]
Ebisawa, 2015 62 8 44 50 87.1 53.2
[77.0, 94.0] [42.6, 63.6]
Glaumann, 2012 24 1 4 9 96.0 69.2
[79.7, 99.9] [38.6, 90.9]
Keet, 2013 25 1 16 19 96.2 54.3
[80.4, 99.9] [36.7, 71.2]




Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
Martinet, 2016 45 3 1 32 93.8 97.0
[82.8, 98.7] [84.2, 99.9]
Van Erp, 2017 47 0 10 24 100.0 70.6
[92.5, 100.0] [52.5, 84.9]
Arah 3 Ebisawa, 2012 17 9 18 13 65.4 41.9
[44.3, 82.8] [24.6, 60.9]
Glaumann, 2012 24 1 6 7 96.0 53.8
[79.7, 99.9] [25.1, 80.8]
Keet, 2013 6 20 9 26 231 74.3
[9.0, 43.7] [56.7, 87.5]
Arah 8 Ebisawa, 2012 17 9 14 17 65.4 54.8
[44.3, 82.8] [36.0, 72.7]
Glaumann, 2012 17 8 10 3 68.0 23.1
[46.5, 85.1] [5.0, 53.8]
Keet, 2013 3 23 15 20 115 57.1
[2.5,30.2] [39.4, 73.7]
Martinet, 2016 17 31 5 28 354 84.8




Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
[22.2, 50.5] [68.1, 94.9]
Arah9 Ebisawa, 2012 15 11 6 25 57.7 80.6
[36.9, 76.7] [62.5, 92.6]
Glaumann, 2012 8 17 5 8 32.0 61.5
[15.0, 53.5] [31.6, 86.1]
Keet, 2013 3 23 6 29 115 82.9
[2.5,30.2] [66.4, 93.4]




From all children cross-sectional studies (1.0 kUA/L cut-off)

Index test | Reference True False False True Sensitivity Specificity
Positives Negatives Positives Negatives (%) (%)
Arah 2 Beyer, 2015 70 20 7 113 77.8 94.2
[67.8, 85.9] [88.4, 97.6]
Klemans, 2013b 35 12 8 45 74.5 84.9
[59.7, 86.1] [72.4,93.3]
Leo, 2015 13 7 2 8 65.0 80.0
[40.8, 84.6] [44.4, 97.5]
Martinet, 2016 31 17 0 33 64.6 100.0
[49.5, 77.8] [89.4, 100.0]




eTable 2. Quality assessment of included studies.

%) B g _§
e} ’8 k=] = - .
2 B 2 7 5 =) g
£ S B S c 3 = o 5 =
] 5 12} = o S o] ﬁ = 2] 3 8
Coding for 5 o B 8 = 3 = = L = £ & 3
2 S 2 c 8 2 > o E g s & S
judgment & T > S = S % ks = = = 2 3
o T T ® o = = RS} = o) Q o
= o i) 2 > 5 ﬁ = = o @ <) S
T 0§ § z |2 = g |z |z ¢ 8 |z E
% *g_ *8'_ ; g 8 = o 3 o 8) 5 §
o ) o = Ko 5 & o) o < 7 & 5
g & & B |5 g B B |g |5 |5 3 |&
Ballmer-Weber
2015 no no no yes no yes yes yes | unclear | yes yes yes yes
Beyer 2015 yes yes yes yes no yes yes unclear yes yes yes yes no
Comberiati 2016 | yes yes yes yes yes yes yes | unclear yes yes | unclear yes yes
Dang 2012 yes yes yes yes yes yes yes unclear yes yes yes yes yes
Ebisawa 2012 yes yes yes yes yes yes yes unclear yes yes yes yes yes
Ebisawa 2015 yes no no yes no yes yes | unclear yes yes no no no
Glaumann 2012 yes yes yes yes yes yes yes | unclear yes yes yes yes no
Keet 2013 yes no no no yes yes unclear | unclear yes yes yes yes yes
Klemans 2013
(aclult study) yes no yes yes yes yes yes | unclear | yes yes yes no no
ult study
Klemans 2013
yes no unclear yes no yes | unclear | unclear yes yes yes no no

(children study)
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Leo 2015
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Representative spectrum: Three studies excluded patients and may not be representative of patients who will receive the test in clinical practice
(Ballmer-Weber, 2015; Leo, 2015; Nicolaou, 2011).

Acceptable reference standard: Eight studies were marked down because a positive OFC challenge could have been determined by subjective
clinical symptoms, or diagnosis of peanut allergy was based on subjective clinical evidence of allergy other than anaphylaxis (Ballmer-Weber,
2015; Ebisawa, 2015; Keet, 2013; Klemans, 2013a; Klemans, 2013b; Nicolaou, 2011; Suratannon, 2013; van Erp, 2017).

Acceptable delay between tests: Three studies were marked down because peanut alergy was based on clinical history or previous anaphylaxis
made more than six months prior to study enrolment (Ballmer-Weber, 2015; Ebisawa, 2015; Keet, 2013).

Partial verification avoided: One study was marked down because one patient initially failed a peanut challenge and passed 2.4 years later and
had sera available from both times (Keet, 2013).

Differential verification avoided: Eight studies were marked down because not al patients received the same reference standard. Some patients
were classified based on OFC and others based on clinical history or previous anaphylaxis. This does not imply that the methodological quality
of these studies was low; differential verification of disease status is standard practice since OFC would not be appropriate for al patients
(Ballmer-Weber, 2015; Beyer, 2015; Ebisawa, 2015; Klemans, 2013b; Martinet, 2016; Nicolaou, 2011; Schots, 2016; Suratannon, 2013).
Incorporation avoided: One study was marked down because the index test (Arah 2 level) was part of the diagnostic pathway (Leo, 2015).

Index test results blinded: One study was marked down because patients with Ara h 2 sigE <10 kU/L were invited for an ora challenge;
therefore, index test results were known (Leo, 2015).

Uninterpretable results explained: Two studies were marked down because the publication does not report number of tests that were
uninterpretable (Lieberman, 2013 Site 1 and Site 3).

Missing data explained: Two studies were marked down because no explanation was provided for missing sIgE data in individua patients
(Ebisawa, 2015; Nicolaou, 2011). One study did not explain a discrepancy in data between a Table and a Figure within the publication
(Comberiati, 2016).

Cut-off values pre-specified: Four studies were marked down because cut-off values were not established before the study was started (Ebisawa,
2015; Klemans, 2013a; Klemans, 2013b; Leo, 2015; Nicolaou, 2011).



Sponsoring precluded: Six studies were not free of commercia funding, or did not specify the source of funding (Beyer, 2015; Ebisawa, 2015;
Glaumann, 2012; Klemans, 2013a; Klemans, 2013b; van Erp, 2017).



el able 3. Diagnostic outcome of sIgE to peanut components in children at thresholds
of 0.10, 0.35, and 1.0 kUA/L using the disease prevaence of included cross-sectional
studies (459/947, 48.5%).

Peanut component (kUa/L threshold)
Test Result Arah 1(0.10) Arah 1(0.35) Arah 1(1.0)
True Positive 31.3 17.9 NA
True Negative 31.9 44.3 NA
False Positive 19.6 1.2 NA
False Negative 17.2 30.6 NA
Correctly diagnosed 63.2 62.2 NA
Total misclassified 36.8 37.8 NA
Test Result Arah 2(0.10) Arah 2(0.35) Arah 2(1.0)
True Positive a44.7 404 34.5
True Negative 32.3 43.1 45.7
False Positive 19.2 8.4 5.8
False Negative 3.8 8.1 14.0
Correctly diagnosed 77.0 83.5 80.2
Total misclassified 23.0 16.5 19.8
Test Result Arah 3(0.10) Arah 3(0.35) Arah 3(1.0)
True Positive 30.0 19.0 NA
True Negative 28.3 45.3 NA
False Positive 23.2 6.2 NA
False Negative 185 29.5 NA
Correctly diagnosed 58.3 64.3 NA
Total misclassified 417 35.7 NA
Test Result Arah 8(0.10) Arah 8(0.35) Arah 8(1.0)
True Positive 21.7 20.3 NA
True Negative 29.5 30.7 NA
False Positive 22.0 20.8 NA




False Negative 26.8 28.2 NA
Correctly diagnosed 51.2 51.0 NA
Total misclassified 48.8 49.0 NA
Test Result Arah 9(0.10) Arah 9(0.35) Arah9(1.0)
True Positive 15.7 9.3 NA
True Negative 40.1 41.8 NA
False Positive 114 9.7 NA
False Negative 32.8 39.2 NA
Correctly Diagnosed 55.8 51.1 NA
Total Misclassified 44.2 48.9 NA

True Positive benefit: shorter diagnosis delay, appropriate treatment; True Negative

benefit: reassurance and avoidance of oral food chalenge & cost savings, False

Positive: detrimental to quality of life and avoidable costs; False Negative: may cause

delayed diagnosis, with potential risks for patients.
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