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Diagnostic accuracy of the ALEX? test in peanut-sensitized

children

To the editor,

The fundamental concept when diagnosing allergies is that detec-
tion of immunoglobulin E (IgE) sensitization and the presence of allergy
are not identical. Complementary to conventional testing that is based
on allergen extracts, molecular allergy diagnosis reduces the need for
oral food challenges (OFCs) in food allergy diagnosis. To detect IgE
specific to allergen molecules, different singleplex or multiplex tests
are available. Multiplex tests consume less serum and are less costly
when a higher number of singleplex measurements are required, and
they reveal IgE reactivity against a broad allergen panel in one test run.

Currently, there are two commercial allergen microarrays avail-
able for clinical use, that is, ISAC113 (Thermo Fisher, Uppsala,
Sweden) and ALEX? (Macro Array Diagnostics, Vienna, Austria)
which showed comparable sensitivity and specificity in previous
studies.? Here, we aimed to investigate the diagnostic accuracy
of ALEX? in Turkish children with peanut sensitization compared to
conventional serological and skin tests as a reference.

This retrospective study, reported in line with the current STARD
guideline, included 123 children who had been referred to the
Hacettepe University Paediatric Allergy Department due to sus-
pected peanut allergy for diagnostic workup. Peanut sensitization had
been confirmed either by skin prick test (SPT) and/or peanut extract-
specific IgE (ImmunoCAP, Thermo Fisher). For all sera, data on slIgE to
peanut components, detected by the ALEX? test, were also available
(Figure 1). While 31 children (25%) were clinically reactive to peanut,
92 (75%) were tolerant. Clinical reactivity was assessed either by OFC
(n=8) or by convincing clinical history (n=23); (see supplementary
Appendix Table S1 in additional material, https://zenodo.org/recor
d/7836201#.ZD0d6exBz9E). The details of study population, study
design, measurements of SPT, sIgE, and ALEX? test are available in
additional material. The study protocol was reviewed and approved
by Hacettepe University Institutional Review Board (GO-21/1248).

There were significant differences between the peanut-reactive
and the peanut-tolerant groups in SPT wheal size, peanut extract sIgE,
total IgE and sIgE to Ara h 1, 2, 3 and 6 (see Table in additional ma-
terial). Based on the recommended cut-off level of 20.3 kUA/L for
the ALEX? test, Ara h 2 and Ara h 6 were detected in 83.9% (26/31)
and 77.4% (24/31) of the clinically reactive group, but only in 15.2%
(14/92) and 10.9% (10/92) of the tolerant group, respectively (p<.001
for both). For Ara h 1 and Ara h 3, the corresponding values for the

clinically reactive group were 96.8% (30/31) and 90.3% (28/31), and
for the tolerant group 70.7% (65/92) and 37.0% (34/92), respectively
(p=.002 and p<.001). In the clinically reactive group, if we consider
only sensitization to the 2S albumins (Ara h 2 and Ara h 6), the propor-
tion of IgE-reactivity only to Ara h 2, only to Ara h 6, to both and to
neither was 9.7% (3/31), 3.2% (1/31), 74.2% (23/31) and 12.9% (4/31),
respectively. Those four patients (12.9%) in the clinically reactive
group who were neither sensitized to Arah 2 nor to Ara h 6, were sen-
sitized to both Ara h 1 and 3. Ara h 8 was detected in 3 patients, all of
whom were peanut tolerant. Ara h 9 was detected in 48.4% (15/31) of
the clinically reactive group and 38.0% (35/92) of the tolerant group
(p=.332). Hierarchical cluster analysis showed a pairwise association
of Arah 2 and Ara h 6, as well as of Ara h 1 and Ara h 3 (Figure 1B).

In the ROC curve analysis, SPT (AUC=0.927), peanut extract sIgE
(AUC=0.854), IgE to Arah 1 (AUC=0.829), Arah 2 (AUC=0.882), Ara
h 3 (AUC=0.857) and Ara h 6 (AUC=0.853) showed similar potential
to diagnose peanut allergy (p<.001 for all) (Figure 1C). Comparison
of AUCs revealed no significant difference between SPT, extract-sIgE
and IgE to components (see supplementary Appendix Table S2 in ad-
ditional material). Using recommended threshold levels (20.3 kUA/L
for ALEX?, =3mm wheal diameter for SPT and 20.35 kU/L for pea-
nut extract sIgE by ImmunoCAP), highest accuracies were achieved
for Ara h 2 and Ara h 6 (84.6% and 86.2%, respectively), compared
with 59.4% and 30.3% for SPT and peanut extract sIgE, respectively
(Table 1). The optimal cut-off values for SPT, peanut extract-slIgE, sIgE
to Ara h 1, 2, 3 and 6, according to the Youden index, were 6.5mm,
21.4 kUA/L, 6.21,0.84,0.92 and 0.16 KUA/L, respectively.

By combining different diagnostic tests, criteria to diagnose pea-
nut sensitization are more stringent which could improve diagnostic
accuracy. When applying recommended threshold levels, the com-
bination of Ara h 2 and SPT had 80.0% sensitivity, 92.2% specificity,
89.2% diagnostic accuracy and 10.3 likelihood ratio (LR+) and for
the combination of Ara h 6 and SPT 76.7%, 94.4%, 90.0% and 13.7,
respectively (see supplementary Appendix Table S3 in additional
material). Overall, both the combinations of SPT+Ara h 2+Ara h 6,
and SPT+Ara h 3+Ara h 6 had the highest diagnostic accuracies
(90.9%) (Figure 1D). However, the former (SPT+Ara h 2+Ara h 6)
had a better LR+ than the latter (22.2 vs 3.6, respectively).

The observation in our cohort that AUC values for slIgE to Ara

h 2 and 6 revealed no significant difference to the other peanut
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components may be explained by the fact that AUCs for Ara h 1
and Ara h 3 were found to be higher in this study, compared to pre-
vious studies.®>* In the present study, although the best accuracies
to predict clinical reactivity were achieved with sIgE to Ara h 2 and
Ara h 6, we found higher rates of IgE-reactivity to Ara h 1 and Ara
h 3 than to Ara h 2 and Ara h 6 in peanut-allergic patients of our
cohort which was rarely reported previously.> Variations in the re-
ported prevalence of sIgE to Ara h 1 and Ara h 3 may be potentially
linked to differences in geographical locations, particularities of the
respective study populations, differences in the amount/ way how
peanuts are consumed (roasted nut versus cooked forms) and the
allergen of the assay.

Using the recommended cut-off of 0.3 kUA/L for Ara h 2, the
sensitivity to diagnose peanut allergy was 83.9% and the specific-
ity was 84.8%. When using the optimal cut-off for Ara h 2 (0.83
kUA/L), the high sensitivity was maintained, while specificity slightly
increased to 89.1%. Similarly, in the ISAC IgE-microarray, the optimal
cut-off value for Ara h 2 was 0.81 ISU with a sensitivity and specific-
ity of 86% and 82%, respectively.” Those results are in accordance
with a recently published systematic review of paediatric studies
where Ara h 2 sIgE with a cut-off of 0.35 kU/L (ImmunoCAP) was
reported to have a sensitivity of 85.8% (95% Cl 79.3-90.6) and a
specificity of 83.6% (95% Cl 76.0-89.2).2

We found that the combination of Ara h 2, Ara h 6 and SPT had
the best accuracy (90.9%) with the highest LR+ (22.2). Recently,

(A) Patients with peanut sensitization Patients who had ALEX? test
(SPT and/or sIgE to peanut extract) (n=496)
(n=159) I

1
Patients with peanut sensitization and ALEX? test results
(n=123)

I

Patients with peanut allergy
(n=31)

Peanut tolerant patients
(n=92)

Positive clinical history Positive OFC
(n=23) (n=8)

© 10
Source of the Curve
0.8
Arah1
>06 I —— Arah2
2| —— Anh3
= ( e Arah 6
‘@ Arah8
c 04 "  Amh®
A | Arah 15
| . Skin prick test
0.2 7 Peanut-extract sIgE
4 w— Reference line
0.0

¥
00 02 04 06 08 10
1 - Specificity

Key Messages

o We evaluated diagnostic accuracy of ALEX? microarray
for peanut allergy in a Turkish population.

e SPT, sIgE to whole extract, Arah1, Arah2, Arah3 and
Arahé had good diagnostic accuracy.

e Combining SPT with sIgE to Arah2 and Arahé increased
diagnostic accuracy >90%.

Hemmings reported that the combination of IgE to the 4 major peanut
components Ara h 1, 2, 3 and 6 had the highest AUC (0.94) in ISAC.]
However, SPT was not included in that analysis. We, therefore, con-
clude that SPT, in combination with sIgE to Arah 2 and Arah 6 are a
highly sensitive and specific approach to diagnose allergy to peanuts.

Analysing individual IgE-reactivity patterns to peanut compo-
nents, our data showed that both peanut allergens belonging to the
2S albumin family, that is, Ara h 2 and Ara h 6, had a high rate of
co-sensitization (74.2%) in peanut-allergic patients, and, in line with
previous reports, monosensitization to Ara h 6 was rarely observed
(3.2%). It was previously shown that sensitization to Arah 8 (Betv 1
homologue)is frequent in peanut-allergic patients from regions, where
birch allergy is common. Low rate of sensitization in our study is prob-

ably due to the low frequency of birch allergy in our region. Moreover,
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FIGURE 1 (A) Patient flow chart for the study cohort. (B) Hierarchical clustering of the peanut components. Each branch of the
dendrogram represents a subcluster; components within subclusters are more similar than those in other subclusters. Clusters with au-
values (au - approximately unbiased, numbers in red) higher than 95% are marked by red boxes and identify clades with high reliability.
(bp—bootstrap probability, numbers in green; edge—numeric vector of edge numbers, numbers in grey). (C) ROC Curve analysis for sIgE to
peanut extract, Arah 1, Arah 2, Arah 3, Arah 6, Arah 8, Arah 9 and Ara h 15, and of peanut extract SPT. (D) Flow chart showing diagnostic
accuracy (light grey segments of pie charts, % diagnostic accuracy) of slgE specific to peanut components, to peanut extract and of SPT, as

well as of combinations of these parameters.

85U8017 SUOWILIOD BAITeR1D) 3|ealdde aus Aq peusenob ae seoiie YO ‘8sn JO Sa|ni Joj Areiqi 8UIIUO A8|IA UO (SUONIPUOD-pUe-SWLRILI0Y" AB 1M AReIq 1[I |UO//SANY) SUONIPUOD PUe SWB | 8UY 38S *[7202/20/ET] UO AReiqiTaulluo A8|IM Bl eUeIY00D Aq 0SEYT BS0/TTTT OT/I0PAWO0D 48| 1M ALeiq 1 puljuo//:Sdiy WOy papeojumoq ‘0T ‘€202 ‘Z222S9ET



13652222, 2023, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/cea. 14350 by Cochraneltalia, Wiley Online Library on [13/02/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(3]
<
o
i
>
w
-
3591 )o1d uys ‘1 4S ‘3 ulngoj3ounwwi 21129ds ‘J3|s ‘an|eA aA3dIpald aA13SOd ‘Add ‘onjeA dA1101Ipald aAI3E3DaU ‘AN :011Bd POOYIIDXI| ‘YT D9AIND DOY 941 J9pun ealy ‘DNY :Suoljeinaiqqy
TSt 192 0S G560 s0'e 816 L9 €0
TSt 9L 005 G560 v0'e 816 L9 Ge0 vIL ¥¥9°0-00t°0 2250 (1/vN3) ST Y eay
78S 8LL 0€ 80 9C'T S'19 ¥'8Y €0
9L LLL 009 80 ov'v 9'G6 v'6T 8TV €8T 20L0-657'0 0850 (1/vnl) 6 Y ey
- - - - - - - - 181 109°0-99€°0 810 (1/vnl) 8 Y edy
298 126 9'0L SZ0 oT'L 168 viL €0
8'T¢e 6TT 298 126 9°0L SZ0 oT'L 168 viL 910 100> 9%6'0-094°0 €580 (1/vnl) 9 Y eay
669 166 A7 ST0 T 0'€9 €06 €0
€6C 60T €18 8'v6 1’85 910 0zt €6L T/8 260 100> 8€6'0-9/L°0 1580 (1/vnl) € Y ey
9'%8 06 0'59 61°0 15°G 818 6'€8 €0
vy TLT 8/8 €6 L 810 0LL 168 6€8 GE8'0 100> 996°0-L6L°0 7880 (1/vnl) Z Y ey
Ly 9'96 61¢ 0T'0 6T ¥'0€ 896 €0
265 £€eT 128 L'T6 S'19 LT0 SLY L'€8 viL S0C°9 100> GT60-€¥L°0 6280 (/v Ty ey
€0¢€ 00T 9'92 0 0T 0'89 00T GE'0
govc €68 698 L06 0'SL 0€0 8'8 6T6 0L Ge'TT 100> €76'0-994°0  $S8°0  (1/vNA) 33Is 30e43X3
¥'65 186 615 500 S8'C 799 9'96 o€
19T 68 9'06 S'€6 8'Z8 810 LTT S'€6 8'z8 G'9 100> 6L6'0-¥/8°0 1260 (ww) 1ds
ANdd %56  Add  Adeindy % AdN %Add  Y13A1E33N Y7 9AnRIsod % Aldydads % ANARISUSS  440-In) d  (1N-11) 10%S6 ony
%0S
9AIND A)jIqeqo.d
‘sJ91aweled aAI3dadsal 9y Jo 9duewofad d13soudelp ay3 3uiziualdedeyd SadIpUl UO SAN|BA JJO-1ND JUBISHIP JO ST T 379V.L
[ 4
w
-
[
o
T
@)
[24
<
w
]
[ 4




RESEARCH LETTER

1044
—I—WI LEY

in our cohort, Ara h 9 (nsLTP) was not suitable to distinguish peanut
allergies from tolerant children due to similar rates of IgE-reactivities
(48.4% vs. 38.0%). Overall, Ara h 8 and 9 do not contribute to the
diagnosis of peanut allergy in the young Turkish population.

Limitations of our study are the relatively small number of peanut-
allergic patients and that OFC was only done in few participants, which
was mainly attributable to COVID-19 restrictions and the consecutive
decline in hospital admissions. However, there was no obvious differ-
ence in clinical, demographic and laboratory findings between patients
where peanut allergy was confirmed by OFC or by clinical history. A
final potential limitation is that due to the retrospective nature of the
study, physicians who categorized patients as clinically reactive versus
tolerant were not blinded and had access to the serological data.

In summary, we provide confirmatory evidence that IgE-
antibodies specific to Arah 1, 2, 3 and 6, measured by IgE-microarray,
are predictors of clinical reactivity to peanuts in children. In particular,
the combination of SPT with sIgE to Ara h 2 and Ara h 6 provided
better diagnostic accuracy, compared to each individual parameter
alone. In this real-life study of a young population from the Eastern
Mediterranean region, we could show for the first time that the ALEX?

test is complementary to SPT for the diagnosis of peanut allergy.
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