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The diagnosis of peanut allergy (PA) can be complex especially in
children never exposed to peanut or with an uncertain history. The aim
of the study is to determine which diagnostic algorithms are used by
Canadian allergists in such children. Children 1-17 yrs old never
exposed to peanut or with an uncertain history having an allergist-
confirmed diagnosis of PA were recruited from the Montreal Children’s
Hospital (MCH) and allergy advocacy organizations. Data on their
clinical history and confirmatory testing were compared to six diag-
nostic algorithms: I. Skin prick test (SPT) =8 mm or specific IgE >5 kU/
1 or positive food challenge (+ FC); II. SPT >8 or IgE >15 or +FC;
III. SPT 213 or IgE =5 or +FC; IV. SPT 213 or IgE 215 or +FC; V.
SPT >3 and IgE =5 or IgE =5 or + FC; VI. SPT >3 and IgE 215 or IgE
>15 or + FC. Multivariate logistic regression analysis was used to
identify factors associated with the use of each algorithm. Of 497
children recruited, 70% provided full data. The least stringent algorithm,
algorithm I, was applied in 81.6% (95% CI, 77-85.6%) of children and
the most stringent, algorithm VI, in 42.6% (95% CI, 37.2-48.1%).The
factor most associated with the use of all algorithms was diagnosis made
at the MCH in those never exposed to peanut. Other factors associated
with the use of specific diagnostic algorithms were higher paternal
education, longer disease duration, and the presence of hives, asthma,
eczema, or other food allergies. Over 18% (95% CI, 14.4-23.0%) of
children were diagnosed with PA without fulfilling even the least stringent
diagnostic criteria.
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Up to 8.1% of adults believe that their children
have a peanut allergy (PA) (1). However, after
evaluation by a physician trained in allergic
diseases, only 1-2% of children are actually
diagnosed as having a PA (2). Given that PA
accounts for the majority of severe food-related
allergic reactions, can be induced by trace quan-
tities of peanut, and usually lasts for life (3, 4), it
is crucial to properly establish the diagnosis. It is

Abbreviations: FC, food challenge; MCH, Montreal Children’s
Hospital; PA, peanut allergy; SPT, skin prick test.
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equally important to avoid mislabeling children
as allergic to peanut given that the diagnosis
carries with it the need for significant dietary
restrictions and lifestyle modifications (5). How-
ever, diagnostic certainty can be difficult, espe-
cially in children with no previous exposure to
peanut or with an atypical reaction to peanut
(referred to hereafter as an uncertain clinical
history).

The diagnostic work-up of suspected PA
includes careful review of the patient’s history
and results of the skin prick test (SPT) (6, 7),
serum level of peanut-specific IgE (8, 9), and



food challenge (FC) (9). A clinical history of a
food allergy has only a 50% positive predictive
value for clinical allergy (10). In those with no
previous peanut exposure or an uncertain clinical
history, a single diagnostic test, such as a SPT or
peanut-specific IgE level, may not be sufficient to
establish the diagnosis (11). Pucar et al. (7) have
shown that only 31.3% of children who had no
known peanut exposure and a positive SPT were
truly allergic to peanut. Although the double-
blinded placebo-controlled food challenge
(DBPCFC) still represents the ‘gold standard’
for diagnosing food allergy (7), even it may
sometimes be misleading (12).

The aim of this study was to characterize the
diagnostic testing done by allergists in children
with no previous peanut exposure or with an
uncertain clinical history of PA and who were
diagnosed by an allergist as allergic to peanut.
These diagnostic tests were then compared to a
variety of diagnostic criteria, and factors poten-
tially associated with the use of each set of
criteria were identified.

Methods
Sampling frame

Children 1-17 yrs old with no known previous
peanut exposure or with an uncertain clinical
history of PA and diagnosed by an allergist as
allergic to peanut were recruited from the Mon-
treal Children’s Hospital (MCH) Allergy Clinic
and from provincial and national advocacy
organizations for food allergic patients including
Association Québécoise des Allergies Alimen-
taires, Anaphylaxis Canada, and the Allergy and
Asthma Information Association. Participants
from food allergy advocacy organizations were
recruited through advertisements placed in the
association newsletters, e-bulletins, or at annual
association conferences. For participants from
the MCH, the medical charts were reviewed to
determine how the diagnosis of PA was estab-
lished. Participants from the associations permit-
ted the research team to request information
from their allergist regarding testing performed
to diagnose PA. The study was approved by the
Research Ethics Board of the McGill University
Health Centre.

Data collection

The parents of participating children completed a
questionnaire on demographic characteristics,
accidental exposure to peanut in the year prior
to study entry, history of idiopathic urticaria,
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and the presence of atopic disorders in the child.
Atopy was defined as the presence of either
atopic dermatitis, allergic rhinitis, asthma, or
food allergy. For children recruited from food
allergy advocacy organizations, data on initial
and most severe reaction to peanut and family
history of atopy were also obtained through the
questionnaire; for children recruited from the
MCH, these data were obtained through chart
review.

An uncertain clinical history of an IgE-medi-
ated reaction to peanut was defined as one mild
sign/symptom, a reaction occurring more than
2 h after exposure, a reaction occurring through
inhalation of peanut, or a reaction where the
food contents were unclear. Pruritus, urticaria,
flushing, or rhinoconjunctivitis were defined as
mild symptoms; angioedema, throat tightness,
gastrointestinal complains, or breathing difficul-
ties (other than wheeze) as moderate; and
wheeze, cyanosis, or circulatory collapse as
severe (3). In cases where clinical history details
were unclear, they were confirmed by telephon-
ing the parents.

Confirmatory tests

Confirmatory tests used in the diagnosis of PA
include a SPT, serum peanut-specific IgE, and a
FC.

Skin prick test to peanut protein. A SPT is
defined as positive if the greatest diameter of
the wheal was at least 3 mm larger than the
negative control (saline) within 12-15 min of
placement (6). The SPT in children recruited
from the MCH was performed using the prick
technique and glycerinated peanut extract sup-
plied by ALK-Abell6 (Horsholm, Denmark). In
this technique, a drop of peanut extract was
placed on the skin and a solid-bore smallpox
needle (Hollister-Stier, Spokane, WA, USA) was
passed through it; histamine phosphate in 50%
glycerin served as the positive control and 50%
glycerosaline as the negative control. For chil-
dren recruited from food allergy advocacy asso-
ciations, only the results of the SPT compared to
the negative control were provided and the
technique was not specified.

Peanut-specific IgE. The serum level of peanut-
specific IgE was measured for children recruited
from the MCH by the CAP system Fluoroen-
zyme Immunoassay (Phadia AB Diagnostics,
Uppsala, Sweden). However, children recruited
from elsewhere may have had peanut-specific IgE
measured through other quantitative methods,
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including Turbo RAST (currently HYTECH-
288, Hycor Biomedical-Agilent, Garden Grove,
CA, USA), Immulite IMMULITE 2000;DPC,
Los Angeles, CA, USA), and Hy Tec EIA (Hycor
Biomedicals, Kassel, Germany). Information
regarding the method used to measure specific
IgE levels in participants from food allergy
advocacy organizations was not provided.

Oral food challenge to peanut. The DBPCFC is
recognized as the gold standard for the diagnosis
of PA but is usually reserved for research (7, 8).
An open challenge is often preferred in clinical
practice as it is less time consuming and labor
intensive (13). Open-, single- or double-blinded
FCs were performed at the discretion of the
treating physician. Oral FCs were not done
prospectively, and details were obtained from
the data provided.

Diagnostic algorithms

Based on the medical literature, we were able to
generate six possible sets of diagnostic criteria or
algorithms for establishing the presence of PA

(Fig. 1):

I. SPT =8 mm or peanut-specific IgE >5 kU/I
or positive FC (14): Although the sensitivity
and negative predictive value of a positive
SPT (i.e., wheal diameter >3 mm) are 295%,
the specificity and positive predictive value
are <50%, unless the clinical history is
convincing (6, 7). Sporik et al. (14) have
reported a SPT wheal diameter 2§ mm to be
100% specific in predicting a positive chal-
lenge to peanut in high-risk young children.
Bernard et al. (15) suggest that a peanut-
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Fig. 1. Algorithms for diagnosing peanut allergy.
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specific IgE level 25 kU/l may be adequate to
diagnose PA. However, both the SPT and
peanut-specific IgE thresholds may not be
applicable to older peanut-naive children (14,
15).

II. SPT =28 mm or peanut-specific IgE =15 kU/I
or positive FC (14, 16): Individuals with a
peanut-specific IgE >15 kU/l have a 95%
likelihood of experiencing an allergic reaction
upon exposure to peanut (8, 9) and, there-
fore, this may be a sufficient diagnostic cri-
teria in those who have never had a SPT or
when the SPT wheal diameter is <8 mm.
However, depending on the prevalence of PA
in the population studied, a different diag-
nostic threshold may be more appropriate (8,
17, 18).

III. SPT 213 mm or peanut-specific IgE >5 kU/1
or positive FC (15, 19): A SPT wheal
>13 mm was reported to have a specificity of
100% for a positive peanut challenge in
children with an atopic background never
exposed to peanut (19). If the SPT wheal
diameter is <13 mm or a SPT is not done, a
peanut-specific IgE >5 kU/I may be used to
establish the diagnosis (15). However, a
lower threshold wheal diameter may be
acceptable in peanut-naive children without
an atopic history (20).

IV. SPT =13 mm or peanut-specific IgE >15 kU/
1 or positive FC (9, 19): Requiring either a
SPT =13 mm (21) or a peanut-specific IgE
215 kU/1 (9) (when the SPT is <13 mm or
not done) may further increase diagnostic
accuracy.

V. SPT 23 mm and a peanut-specific IgE
>5 kU/I or peanut-specific IgE =5 or positive
FC (15): Although a SPT =3 mm has a
specificity and positive predictive value of
approximately 50% (6), combining it with a
peanut-specific IgE should further increase
the diagnostic accuracy.

VI. SPT =23 mm and a peanut-specific IgE
215 kU/1 or peanut-specific IgE >15 kU/1 or
positive FC (9).

Using the data provided by treating allergists, it
was possible to determine the percentage of
children with an allergist diagnosis of PA fulfill-
ing the criteria for each of the six diagnostic
algorithms described above.

Statistical analysis

Descriptive statistics including means, ranges, and
standard deviations were generated for all vari-
ables. A separate multivariate logistic regression



was conducted for each of six sets of diagnostic
criteria and examined whether the testing profile
for each child satisfied each set of diagnostic
criteria. We considered the following variables as
potential predictors of use of each set of criteria:
patient’s age, gender, parental education (high
school, college, university), parental employment
status, household structure of family (single vs.
non-single parents), atopic features of the patient
and/or his parents, presence of siblings with PA,
accidental exposures over the year prior to study
entry, previous peanut exposure, time interval
between initial reaction (if applicable) and study
entry, recruitment from the MCH vs. food
allergy associations (considered as four catego-
ries: MCH patients and never exposed, MCH
patients with an uncertain history, association
patients and never exposed, and association
patients with an uncertain history), and geo-
graphic location of treating allergist (urban vs.
rural). All these variables were measured at study

Table 1. Demographics of respondents and non-respondents
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entry unless otherwise stated. Urban vs. rural
location was determined by the first three digits
of the allergist’s postal code.

Univariate analysis was conducted to identify
potential predictors, and multivariate analysis
was conducted for those whose allergists and
parents provided sufficient data. Comparing
univariate to multivariate results allowed us to
investigate possible confounding factors.

Results

Four hundred and ninety-seven children were
recruited. Complete data regarding confirma-
tory testing and potential factors associated
with the use of a specific algorithm were
available in 331 of 497 children recruited
(approximately 70% of cases) (Table 1). Partic-
ipants with incomplete data (on questionnaire
or chart review) or with no confirmatory tests
results provided by their physicians were

Recruited from Montreal Children’s Hospital

Recruited from associations Non-respondents

(n=214) (n=117) (n = 166)

Age at baseline, yr*

Mean (s.d.) [Cl] 6.9(3.7) [6.4, 7.4] 6.8 (3.5) [6.1, 7.4] 6.9 (4.1)[6.2, 7.5]

Range [1,17] [1, 16] [1,17]
Age at diagnosis, yr (s.d.) [CI]T 3.0(2.2)[2.7, 3.3] 3.2(27)12.7, 371 3.0(2.5) [2.6, 3.4]
Disease duration, yr (s.d.) [CI]T 3.9(3.6) [3.4, 44] 3.6 (3.2) [3.0, 4.2 3.9(3.7) [3.3, 4.5]
Sex, % boys [Cl] 54.4 [47.3, 61.3] 60.0 [50.2, 69.2] 59.0 [49.8, 67.8]
Ethnic background of child, % white 87.4 [82.2, 91.5] 96.6 [91.5, 99.1] N/A
Hives 28.51[22.6, 35.1] 41.4% [32.3, 50.9] N/A

Personal atopic history, % [Cl]
Atopic dermatitis
Asthma
Allergic rhinitis
Other food allergies
>1 atopic comorbidity
Family atopic history (first degree relatives), % [Cl]
Peanut allergy
>1 atopic comorbidity
Uncertain history, % [Cl]
Age of parents
Mother, y (s.d.) [Cl]
Father, y (s.d.) [Cl]
Parental education/work status, % [Cl]
Mother
Completed high school
Completed college
Completed university
Employed at baseline
Father
Completed high school
Completed college
Completed university 55.6 [48.7, 62.4]
Employed at baseline 87.4 [82.2, 91.5]
Urban location of treating allergist, % [CI] 100

51.9 [45.0, 58.7]
53.3 [46.3, 60.1]
35.5(29.1, 42.3]
62.2 [55.3, 68.8]
87.9 (827, 91.9]

76 [4.4,12.0]
775 [71.2, 83.0]
55.1[48.2, 61.9]

97.2 [94.0, 99.0]
86.0 [80.6, 90.3]
58.4 [51.5, 65.1]
66.4 [59.6, 72.7]

93.9 [89.8, 96.7]
776 [71.4, 83.0]

38.2 (6.0) [37.4, 39.0]
403 (6.7) [39.3, 41.2]

50.9 [41.4, 60.3]
57.8 [48.2, 66.9]
405 [31.5, 50.0]
713 62.1, 79.4]
90.6 [83.8, 95.2]

48.7 [40.6, 56.9]
46.1 [38.1, 54.3]
13.0 [8.1, 19.3]
70.1 [62.2, 77.2]
88.3 [82.2, 92.9]

28.6 [19.9, 38.6] N/A
84.0 [75.3, 90.6] N/A
333 [24.9, 42.6] 476 [39.8, 55.5]
38.7 (5.4) [37.7, 39.7] N/A
406 (5.9) [39.5, 41.7] N/A
100 [96.9, 100] N/A
91.5[84.8, 95.8] N/A
735 [64.5, 81.2] N/A
709 [61.8, 79.0] N/A
95.7 [90.3, 98.6] N/A
81.2 [72.9, 87.8] N/A
61.5[52.1, 70.4] N/A
93.2 [87.0, 97.0] N/A

87.5[79.9, 93.0] 95.1 [90.5, 97.8]

*Based on age at study entry.
tBased on the earliest of first clinical reaction or first confirmatory test.
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defined as non-respondents. There were no
meaningful differences between respondents
and non-respondents.

Among those with uncertain history, 94.8%
had only one mild symptom, 0.9% reported a
reaction occurring more than 2 h after exposure,
2.2% were exposed through inhalation, and in
2.1% it was not clear whether the food associated
with the reaction contained peanut. The majority
of SPT and specific IgE tests were done in MCH
(70.1% and 77.4%, respectively). FCs were done
in 19 children (5.7%), all diagnosed at the MCH
and all were positive.

The percentage of children fulfilling the diag-
nostic criteria for each algorithm were: 81.6%
(95% CI, 77.0-85.6%), 78.5% (95% CI, 73.7—
82.8%), 61.0% (95% CI, 55.5-66.3%), 56.5%
(95% CI, 51.0-61.9%), 48.0% (95% CI, 42.5—
53.6%), and 42.6% (95% CI, 37.2-48.1%) for
algorithms I through VI, respectively.

Diagnosis at the MCH of patients never
exposed to peanut was associated with all six
algorithms [OR of 4.30 (95% CI, 1.83-10.14),
3.69 (95%, CI 1.73-7. 89), 4.71 (95% CI, 2.50—
8.88), 5.16 (95% CI, 2.84-9.36), 7.11 (95% CI,
391-12.94), and 7.64 (95% CI, 4.31-13.56)]
(Table 2).

Diagnosis at the MCH in the presence of an
uncertain history was associated with the use of
algorithms I and IT [OR 2.20 (95% CI, 1.11-4.37)
and 2.27 (95% CI, 1.19-4.30)].

Higher paternal education was associated with
algorithms I, II, III, and IV [OR of 2.61 (95% CI,
1.41-4.81), 2.72 (95% CI, 1.53-4.83), 1.89 (95%
CI, 1.16-3.11), and 2.06 (95% CI, 1.27-3.34)].

Longer disease duration was associated with
all algorithms [OR of 1.13 (95% CI, 1.02-1.25),
1.12 (95% CI, 1.02-1.25), 1.11 (95% CI, 1.02—
1.20), 1.14 (95% CI, 1.06-1.23), 1.17 (95% CI,
1.08-1.26), and 1.20 (95% CI, 1.11-1.30)].

Hives were associated with algorithms I and 111
[OR of 2.21 (95% CI, 1.09-4.48) and 1.82 (95%
CI, 1.05-3.15)], asthma with algorithm III [OR of
1.85(95% CI, 1.12-3.06)], eczema with algorithms
IV, V,and VI [OR 1.76 (95% CI, 1.08-2.87), OR
1.84 (95% CI, 1.10-3.07), and OR 1.99 (95% ClI,
1.19-3.32)], and other food allergies with algo-
rithm V [OR 1.74 (95% CI, 1.02-2.99)].

Additionally, having a working mother was
associated with a decreased likelihood of
using algorithm VI [OR 0.52 (95% CI, 0.30—
0. 89)].

Discussion

This is the first study assessing the applicability
of possible algorithms in diagnosing PA in
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Table 2. Odds ratio and 95% confidence intervals for factors associated with
each algorithm

Covariates OR (95% Cl)

Algorithm I: Skin prick test (SPT) >8 mm or peanut-specific IgE >5 kU/I or
positive food challenge (FC)*
Diagnosed at Montreal Children’s Hospital
(MCH) and never exposed
Father with university education 2.61(1.41, 4.81)
Hives 2.21(1.09, 4.48)
Diagnosed at MCH with an uncertain history 220 (1.11, 4.37)
Disease duration 1.13 (1.02, 1.25)
Algorithm II: SPT >8 mm or peanut-specific IgE >15 kU/I or positive FC*

4.30 (1.83, 10.14)

Diagnosed at MCH and never exposed 3.69 (1.73, 7.89)
Father with university education 2.72 (1.53, 4.83)
Diagnosed at MCH with an uncertain history 2.27 (1.19, 4.30)
Disease duration 112 (1.02, 1.23)

Algorithm 1ll: SPT =13 mm or peanut-specific Igf >5 kU/I or positive FC*

Diagnosed at MCH and never exposed 471 (2.50, 8.88)
Father with university education 1.89 (1.16, 3.11)
Asthma 1.85 (1.12, 3.06)
Hives 1.82 (1.05, 3.15)
Disease duration 1.11 (1.02, 1.20)

Algorithm IV: SPT >13 mm or peanut-specific IgE >15 kU/I or positive FC*

Diagnosed at MCH and never exposed 5.16 (2.84, 9.36)
Father with university education 2.06 (1.27, 3.34)
Eczema 1.76 (1.08, 2.87)
Disease duration 1.14 (1.06, 1.23)

Algorithm V: SPT >3 mm and a peanut-specific IgE >5 kU/I or
peanut-specific IgE >5 kU/I or positive FC*

Diagnosed at MCH and never exposed 7.11(3.91, 12.94)

Eczema 1.84 (1.10, 3.07)
Other food allergies 1.74 (1.02, 2.99)
Disease duration 1.17 (1.08, 1.26)

Algorithm VI: SPT >3 mm and a peanut-specific Igf >15 kU/I or
peanut-specific IgE >15 kU/I or positive FC*
Diagnosed at MCH and never exposed
Eczema
Disease duration
Mother works

7.64 (4.31, 13.56)
1.99 (1.19, 3.325)
1.20 (1.11, 1.30)
0.52 (0.30, 0.89)

*Only significant associations are reported.

children who were never exposed or had an
uncertain history of PA.

Our results suggest that 18.4% of children with
such a history were diagnosed by an allergist as
having PA without fulfilling even the least
stringent diagnostic criteria (among participants,
81.6% met the diagnostic criteria of algorithm I).
Based on the most stringent algorithm, algorithm
VI, almost 60% did not meet the criteria for PA.
We anticipate that this percentage would be
much higher had we included children who had
been diagnosed as allergic by a physician other
than an allergist.

The factor most associated with the use of all
algorithms was diagnosis made at the MCH in
those with no previous exposure, presumably
because of the greater availability of allergen-
specific IgE and the FC in a hospital setting (22).
It is possible that diagnosis at the MCH in the



presence of an uncertain history was associated
only with algorithm I and II because a history
suggesting a reaction to peanut, although uncer-
tain, may be perceived as sufficient evidence of
allergy and thus physicians may be more likely to
use less stringent algorithms.

The observed association between higher
paternal education and use of algorithms I, II,
I1I, and IV may be because paternal education is
associated with increased awareness of diagnos-
tic tests and demand for testing (23). The
association between longer disease duration
and algorithms I through VI may be because
those with longer duration have had more
opportunity to undergo testing to either confirm
the diagnosis or assess the emergence of toler-
ance (24). The known association between severe
food allergy and other atopic diseases (25, 26)
likely explains our observed association between
asthma and algorithm III and eczema and
algorithms IV-VI. In the presence of asthma
or eczema, physicians are more aggressive in
confirming the diagnosis of food allergy as it has
major prognostic implications. Interestingly, the
presence of PA in the family was not associated
with the use of a specific algorithm although the
medical literature reports a strong familial
aggregation of food allergies, especially among
siblings (27) with PA.

Our study has potential limitations. Given that
the algorithms we present were not compared to a
DBPCFC in a population of children never
exposed to peanut or with an uncertain history,
it is difficult to state which is the most appropriate
and each has shortcomings. It is possible that by
relying on physicians’ notes and patient recall, we
are underestimating the presence of additional
symptoms or signs that may have been considered
by the treating allergist as evidence of a convincing
history of an allergic reaction to peanut and hence,
justify not using additional testing. Furthermore,
our study population is well educated with a high
level of awareness about food allergy (35% of our
study population was recruited from food allergy
advocacy associations). Our findings may have
differed if our sample had been of a lower socio-
economic status or recruited from other sources.
Finally, levels of peanut-specific IgE measured
outside the MCH might not have been determined
through the CAP system Fluoroenzyme Immu-
noassay, and discrepancies may exist between
different assays (28, 29). Because the published
allergen-specific IgE thresholds were measured by
the CAP system (9), there is a clear advantage in
using this system to confirm the diagnosis of PA.

Our findings suggest that although several
confirmatory tests are available to establish the
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diagnosis of PA, full use is not made in a
substantial proportion of subjects. Given that
specific IgE levels are relatively easily obtained,
have high predictive value (9), and are useful as
predictors of PA tolerance (24, 30), they should
be measured in all children with suspected PA.
As the optimal algorithm for diagnosing PA in
those with no previous exposure or an uncertain
history has not yet been developed, we recom-
mend increased use of existing algorithms
requiring both SPT and IgE. Studies assessing
the correlation between different diagnostic
algorithms and the DBPCFC are required to
establish the most appropriate algorithm for
diagnosing PA in those with no previous peanut
exposure or an uncertain history.
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