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Abstract

Background: Data are limited about the value of skin tests in the diagnosis of

proton pump inhibitor (PPI)-induced hypersensitivity reactions and the cross-

reactivity between PPIs. We aimed to assess the role of skin testing in the diagno-

sis of PPI-related immediate hypersensitivity reactions and the cross-reactivity

patterns among PPIs.

Methods: The study was designed in a prospective, national, multicentre nature.

Sixty-five patients with a suggestive history of a PPI-induced immediate hypersen-

sitivity reaction and 30 control subjects were included. Standardized skin prick

and intradermal tests were carried out with a panel of PPIs. Single-blind,

placebo-controlled oral provocation tests (OPTs) with the PPIs other than the

culprit PPI that displayed negative results in skin tests (n = 61) and diagnostic

OPTs with the suspected PPI (n = 12) were performed.

Results: The suspected PPIs were lansoprazole (n = 52), esomeprazole (n = 11),

pantoprazole (n = 9), rabeprazole (n = 2), and omeprazole (n = 1). The sensitiv-

ity, specificity, and negative and positive predictive values of the skin tests with

PPIs were 58.8%, 100%, 70.8%, and 100%, respectively. Fifteen of the 31

patients with a hypersensitivity reaction to lansoprazole had a positive OPT or

skin test result with at least one of the alternative PPIs (8/52 pantoprazole, 6/52

omeprazole, 5/52 esomeprazole, 3/52 rabeprazole).

Conclusion: Considering the high specificity, skin testing seems to be a useful

method for the diagnosis of immediate-type hypersensitivity reactions to PPIs

and for the evaluation of cross-reactivity among PPIs. However, OPT should be

performed in case of negativity on skin tests.

Proton pump inhibitors (PPIs) consist of a benzimidazole

and a pyridine ring, but vary in the specific side ring substitu-

tion (1). Omeprazole, esomeprazole, and pantoprazole are

substituted on the benzimidazole ring, whereas rabeprazole

and lansoprazole are not (2). PPIs are the most potent inhibi-

tors of gastric acid secretion available (1) and are commonly

used for the treatment of acid-related gastrointestinal dis-

eases. They are generally well tolerated, with a low incidence

of adverse effects (3).

Although hypersensitivity reactions due to PPIs are rare,

several anaphylactic reactions have been reported (4–14).
However, limited data are available about the value of skin

tests in the diagnosis of PPI-induced hypersensitivity reac-

tions and the cross-reactivity between PPIs (9, 13, 15). There-

fore, in this prospective multicentre study, we aimed to assess

the role of skin testing in the diagnosis of PPI-related imme-

diate hypersensitivity reactions and the cross-reactivity

patterns among PPIs.
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Methods

Patients and controls

The study was designed in a prospective, multicentre manner.

Patients who were referred to the allergy departments of four

hospitals located in the two biggest cities, _Istanbul and

Ankara, in Turkey with a suggestive history of an immedi-

ate-type hypersensitivity reaction (urticaria, angioedema,

wheezing, anaphylaxis) after administration of a PPI were

included in the study. Cases were prospectively enrolled over

a one-year period (2011–2012). Subjects with symptoms

attributable to known side-effects or nonimmediate reactions

were not included. Clinical data were recorded using a modi-

fied European Network of Drug Allergy questionnaire (16).

The severities of the reactions were determined using the

Ring–Messmer scale (17). The controls consisted of 30 sub-

jects who did not have a history of a drug hypersensitivity

reaction, either tolerated or unexposed to PPIs. The study

was approved by the Local Ethics Committee of Ankara

University, School of Medicine, and written informed

consent was obtained from all subjects.

Skin tests

Skin prick tests (SPTs) were performed with the undiluted

commercial oral preparations of omeprazole capsule (20 mg)

(Omeprazid�, Nobel, Turkey), lansoprazole capsule (30 mg)

(Lansoprol�, Nobel, Turkey), pantoprazole tablet (40 mg)

(Panto�, Sandoz, Turkey), rabeprazole tablet (20 mg) (Prab-

ex�, Sandoz, Turkey), esomeprazole tablet (20 mg) (Nexium�,

AstraZeneca, Turkey) by prick method and 1/10 and 1/1 dilu-

tions of injectable preparations of omeprazole (4 mg/ml)

(Losec�, AstraZeneca, Turkey), pantoprazole (4 mg/ml)

(Panto�, Sandoz, Turkey) and esomeprazole (8 mg/ml) (Nexi-

um�, AstraZeneca, Turkey) along with positive (histamine

0.01%) and negative control (saline 0.9%). For prick testing,

the tablets and micropellet capsules were smashed in a mortar

and diluted with 1 ml of 0.9% NaCI according to the method

described previously (18). SPTs were performed on the volar

forearm and were read after 20 min. A wheal reaction with a

mean diameter of 3 mm greater than the negative control was

considered positive. For drugs that have both oral and inject-

able preparations available, SPTs were performed with both

forms, and positivity with either of these was considered as a

positive result. If SPTs were negative, intradermal tests (IDTs)

were performed with the injectable preparations of omepra-

zole (4 mg/ml), pantoprazole (4 mg/ml), and esomeprazole

(8 mg/ml) at 1/1000, 1/100, and 1/10 dilutions. An amount of

0.03 ml test solution was injected into the skin to produce a

bleb. Readings were conducted after 15 min and considered

positive if the size of the initial wheal had increased by at least

3 mm in diameter and was surrounded by erythema.

Drug provocation tests

After skin tests, to evaluate the cross-reactivity between the

PPIs, single-blind, placebo-controlled oral provocation tests

(OPT) with the PPIs that displayed negative results in skin

tests were performed in patients who gave their informed

consent. During these tests, omeprazole capsule (5 mg,

10 mg, 20 mg), lansoprazole capsule (7.5 mg, 15 mg, 30 mg),

pantoprazole tablet (5 mg, 10 mg, 20 mg), rabeprazole tablet

(5 mg, 10 mg, 20 mg), and esomeprazole tablet (5 mg, 10 mg,

20 mg) were administered each on different days at 30-min

intervals at increasing doses until the full dose was reached

or symptoms of a drug reaction occurred. OPTs with the sus-

pected PPIs were performed in a subgroup of patients who

displayed negative results in diagnostic skin tests. During

OPTs blood pressure, pulse and FEV1 were monitored before

each drug dose and repeated according to the patient’s symp-

toms. The test results were accepted positive if clinical signs

(urticaria, angioedema, bronchospasm, or other objective

signs of the original drug reaction) or 20% fall in FEV1 was

observed.

Inclusion to the final analysis group and statistical analysis

As we were not able to perform diagnostic OPTs with the

suspected PPIs in all patients, while evaluating the diagnostic

accuracy of the skin tests and cross-reactivity among PPIs,

patients in whom diagnostic OPTs were performed or the

diagnosis of PPI hypersensitivity was supported with positive

results in skin tests or OPTs with the alternative PPIs were

included. Skin test sensitivity was calculated as the percent-

age of diagnostic skin test–positive subjects among these

patients. Comparisons for quantitative variables were per-

formed using the Student’s t-test or the Mann–Whitney test

and for qualitative variables by the chi-square test. P-values

< 0.05 were considered statistically significant. The statistical

analysis was performed using the SPSS program version 18.0

(SPSS Inc., Chicago, IL, USA).

Results

Subject characteristics

Sixty-five patients with a suggestive history of a PPI-induced

immediate hypersensitivity reaction were included to the

study. Fifty-three were women (81.5%) and the median age

was 43 years (min–max: 22–78 years). The culprit PPI was

lansoprazole in 52 patients (80.0%), esomeprazole in 11

(16.9%), pantoprazole in 9 (13.8%), rabeprazole in two

(3.1%), and omeprazole in one (1.5%). Eight patients had a

history of distinct reactions to different PPIs in separate epi-

sodes. The clinical symptoms were urticaria and/or angioe-

dema in 32 (49.2%) and anaphylaxis in 33 patients (50.8%).

The severity of the reaction was grade 1 in 32 (49.2%),

grade 2 in 22 (33.8%), and grade 3 in 11 patients (16.9%).

The median interval between the reaction and the diagnostic

tests was 3 months (min–max: 1–72 months). The time

interval between the last administration of the drug and the

reaction was � 1 h in 49 (75.4%) patients and 1–24 h in

16 (24.6%) (median, min–max; 1, 0.1–24 h). The control

group included 30 subjects of whom 17 (56.7%) were

women and the median age was 33 years (min–max: 21–
54 years).
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Skin test results

The characteristics of the patients and results of the skin tests

and OPTs for each PPI and for the individual cases are shown

in Table 1. Five patients refused diagnostic skin tests with the

culprit PPIs. Skin tests with the suspected PPI were positive

in 20 patients (20/60, 33.3%) (Fig. 1, Table 2). Among 20

patients, 19 had positivity on SPT, and two on IDT. All skin

test results in controls were negative. Diagnostic skin tests

were positive in 17 of the 47 patients (36.2%) for lansopraz-

ole, two of the 10 patients (20.0%) for esomeprazole, two of

the nine patients (22.2%) for pantoprazole, and one of the

two patients (50.0%) for rabeprazole. Diagnostic skin tests

with omeprazole were performed in one patient and were neg-

ative. Time to onset of the reaction after last exposure was

significantly lower in patients with positive skin test results

than in patients with negative skin test results [median (min–

max) 0.5 (0.1–3.0) vs 1.0 (0.1–24.0) h, respectively; P = 0.028].

The time interval between the reaction and the diagnostic

tests [median (min–max) 3.75 (1.0–72.0) vs 3.0 (1.0–
24.0) months], and severity of the reaction [55.0% grade 1,

32.5% grade 2, 12.5% grade 3 vs 45.0% grade 1, 25.0% grade

2, 30.0% grade 3] were not different statistically between

patients with negative and positive skin test results

(P = 0.468, 0.255, respectively).

Drug provocation test results

Diagnostic OPTs with the culprit PPIs were performed in 12

patients in whom diagnostic skin tests with the culprit drug

were negative (Table 1). Eight of them were positive (66.7%).

Of these eight patients with a positive diagnostic OPT, three

had history of grade 1, three had grade 2, and two had grade

3 reactions. All of the four patients with negative OPTs with

the suspect PPI had a history of grade 1 reaction. All pro-

voked patients reacted to the culprit drug during the first

hour of the OPTs. The severity of these reactions was grade

1 in three (37.5%), grade 2 in three (37.5%), and grade 3 in

two patients (25%). All reactions showed full recovery

shortly after treatment.

Oral provocation tests with the PPIs other than the culprit

PPI in the clinical history which displayed negative results in

skin tests were performed in 61 patients (61/65, 93.8%). Posi-

tivity rates were as follows: 3/49 (6.1%) for omeprazole, 0/12

for lansoprazole, 2/44 (4.5%) for pantoprazole, 3/47 (6.4%)

for rabeprazole, and 1/42 (2.4%) for esomeprazole.

Diagnostic value of skin tests and cross-reactivity among

proton pump inhibitors

The results of the diagnostic procedures are summarized in

Fig. 1. Six of the 40 patients with negative skin test responses

to the suspect PPI reacted to at least one PPI other than the

culprit one during the OPTs. These reactions were assumed

as cross-reactivity, and further OPTs with the culprit PPI

were not performed. We were able to check negative skin test

results by means of OPTs in 12 of the remaining 34 patients.

Thus, a definitive diagnosis could not be provided for 22

(36.7%) patients. These 22 patients together with the five

patients who refused diagnostic skin testing were excluded

from the accuracy analysis of the diagnostic skin tests. Of the

remaining 38 patients, four had a negative diagnostic OPT

and 20 had positive diagnostic skin tests, other 14 patients

with PPI hypersensitivity had negative diagnostic skin tests.

Thus, the sensitivity, specificity, and negative and positive

predictive values of the skin tests with PPIs were 58.8%,

100%, 70.8%, and 100%, respectively. Age, gender, interval

between the reaction and diagnostic tests, time to onset of

the reaction after last exposure, and severity of the reaction

were not different statistically between the 38 patients with a

definitive diagnosis and the 27 patients who were excluded

from the accuracy analysis (P > 0.05).

Sixteen of the 34 patients (47.1%) with PPI hypersensi-

tivity had at least one cross-reaction. Fifteen (48.4%) of

the 31 patients with hypersensitivity reaction to lansopraz-

ole showed positivity on skin tests or OPTs with the other

PPIs (8/52 pantoprazole, 6/52 omeprazole, 5/52 esomepraz-

ole, 3/52 rabeprazole). Among four patients with hypersen-

sitivity to pantoprazole, one had positive skin test results

with lansoprazole and esomeprazole (Table 1, patient-4),

one had a positive skin test result with omeprazole

(Table 1, patient-14), and one had a reaction history with

esomeprazole (Table 1, patient-9). Cross-reactivity among

all of the five PPIs was detected in only one patient

(Table 1, patient-23).

Discussion

In this study, we analyzed the diagnostic value of skin tests

and cross-reactivity patterns among PPIs in a group of 38

patients with PPI-induced immediate-type hypersensitivity

reactions. The specificity and positive predictive value of our

skin tests were both 100%, whereas the sensitivity and nega-

tive predictive value were 58.8% and 70.8%, respectively.

There have been several reports of hypersensitivity reactions

to PPIs (4–14), most being case reports with few patients.

One large study (15) has compared the diagnostic perfor-

mance of skin tests vs OPTs in 53 patients with immediate

reactions to PPIs. They reported 100% specificity and 100%

positive predictive value that were in agreement with our

data, and 91.9% negative predictive value and 61.3% sensi-

tivity that were higher than our results. In that study,

patients with previous grade 1 and grade 2 reactions under-

went OPT, and these tests ruled out PPI hypersensitivity in

85% of the subjects (15). However, we could perform confir-

matory OPT in only a small part of patients with negative

skin test results (12 patients), which is the limitation of our

study. Despite the negative skin test results, the majority (8/

12, 66.7%) of our patients reacted to provoked PPI which

supported low rate of negative predictive value. Of the 12

patients, seven had a history of grade 1, three had grade 2,

and two had grade 3 reactions. All patients with negative

OPT results had previous grade 1 reaction. On the contrary,

the great majority of patients challenged with implicated PPI

by Bonadonna et al. (15) had previous grade 1 reaction.

Therefore, this difference may be attributed to the fact that

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 1 Clinical characteristics, skin test and oral provocation test (OPT) results of the patients (patients 1–20, patients with positive skin

test results with the suspected PPI; patients 21–26, 6 patients who had negative skin test responses to the suspect PPI but positive OPTs

with at least one of the alternative PPIs; patients 27–38, 12 patients in whom OPTs with the suspected drug were performed; patients

61–65, 5 patients who refused skin testing with the suspected PPI)

Patient Age Gender Drug* Reaction Grade Latency† Time‡

Skin tests OPT

O L P R E O L P R E

1 47 F R U 1 3 2 – – – + – – – – np –

2 51 F L U, A, D 2 0.25 8 – + + – – – np np – –

3 59 F L U, A, D, V 3 0.5 1 – + – – – – np – – –

4 78 M L, P, E U 1 1 8 – + – – + – np np – np

5 30 F L U, A 1 0.5 3 + + – – – np np – – –

6 55 F L A 1 0.5 24 – + – – + + np – – np

7 41 M L U, A, D 2 0.5 2.5 – + – – – – np – – –

8 53 F L U 1 0.25 3 – + + – – – np np – –

9 32 M P, E H 2 0.25 2 – – + – – – – np – np

10 52 F L U,V 3 0.25 12 – + – – – – np – – –

11 22 F L, E U 1 1 2 – + – – + – np – – np

12 49 M L A 1 0.4 15 – + – – – – np – – –

13 52 F L U, R, D 2 0.25 3 – + – – – – np – – –

14 29 F L, P P, V, S 3 2 3 + – + – – np np np – –

15 52 F L U 1 0.3 2 – + – – – – np + – –

16 51 F L A, V, H 3 0.5 5 – + – – – – np – – –

17 37 M L U 1 1 2 – + + – – – np np – –

18 37 F L P, D, H 2 0.5 12 – + – – – – np – – –

19 41 F L U, A, V, Dia 3 0.5 18 – + – – – – np – – –

20 36 F L U, D, V 3 0.1 1 – + – np – – np – np –

21 75 F L U, A 1 1 12 – – – – – – np – – +

22 41 F L U 1 0.5 1 – – – – – – np – + –

23 30 F L U, V 3 0.15 3 + – + – + np np np + np

24 51 F L U 1 0.5 2 – – – – – – np + – –

25 40 F L U, A 1 2 30 – – – – – + np – – –

26 32 F L U, N, H 2 1 10 – – + – – + np np + –

27 52 F L A 1 24 48 – – – – – – – – – –

28 35 F L U, A 1 7 12 – – np np np np – np np np

29 56 F L U 1 1 Unknown np – np np – np – np np –

30 55 F L U, A 1 0.5 3 – – – – – – + – – –

31 40 F E A 1 24 2 – – – – – – – – – –

32 22 F L U, A 1 4 20 – – – – – – + – – –

33 69 M L U, D 2 1 12 – – – – – – + – – –

34 41 F L U, H 2 0.25 48 – – – – – – + – – –

35 45 F L A, D, V 3 0.1 12 – – – – – – + – – –

36 45 F L U, A 1 3 3 – – – – – – + – – –

37 44 F P U, V 3 1 1 np – – np np np – + np np

38 51 M L U, A, D 2 0.6 24 – – – np np – + – np np

39 30 F P U, A, D, H 2 0.25 18 – – – – – – – np – –

40 38 F L U, A 1 8 3 np – np np – np np np np –

41 47 F E U, A 1 24 1 – – – – – – – – – np

42 28 F P U 1 10 7 – – – – – – – np – –

43 43 F L U, V, Dia 3 18 1 – – – – – – np – – –

44 31 F L, E U, A, D 2 9 24 – – – – – – np – – np

45 40 F L U, H 2 0.5 24 – – – – – – np – – –

46 44 F L U 1 1 Unknown – – – np np – np – np np

47 35 F E, P U 1 1 4 – – – np np np np np np np

48 53 F L U, A 1 1 2 – – – np np np np np np np

49 26 F P U, A, H 2 0.5 72 – – – – – – – np np –

50 49 M P U 1 0.5 12 – – – – – – – np – –

51 43 F L U, A 1 0.1 2 – – – – – – np – – –

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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severities of the reactions were different. We used skin test

concentrations that were proved nonirritating in 30 control

subjects because none of the controls showed positivity in

skin tests. On the basis of literature data showing

confirmation of skin test positivity with OPT with PPIs (4–6,
9, 15), and considering the ethical aspect, we did not perform

confirmatory OPT in patients with skin test positivity to the

culprit or alternative PPI.

Table 1 (continued)

Patient Age Gender Drug* Reaction Grade Latency† Time‡

Skin tests OPT

O L P R E O L P R E

52 47 F L U, N 2 1 2 – – – – – – np – – –

53 41 F R, L, E U 1 0.5 2 – – – – – – np – np np

54 50 F L A, D 2 0.5 2 – – – – – – np – – –

55 38 M E U 1 3 7 – – – – – – – – – np

56 41 M O, E H, V 3 0.1 2 – – – – – np – – – np

57 53 M L U, H 2 1.5 1 np – np np – np np np np –

58 49 F L U, A, H 2 0.1 60 – – – – – – np np – –

59 42 F L U, A, D 2 1 3.5 – – – – – – np – – –

60 41 F E U, A 1 0.1 1.5 – – – – – – – – – np

61 34 M L U 1 1 Unknown np np – np np np np – np np

62 69 F L A, D 2 1 4 np np – np np np np – np np

63 44 F L U, A, D, H 2 1 1 np np – np np np np – np np

64 52 F L U, D, H 2 2 1 – np – np np np np np np np

65 29 F L U, D 2 1 2 np np – np np np np – np np

O, omeprazole; L, lansoprazole; P, pantoprazole; R, rabeprazole; E, esomeprazole; F, female; M, male; U, urticaria; A, angioedema; D, dyspnea;

Dia, diarrhea; H, hypotension; N, nausea; P, pruritus; R, rhinitis; S, syncope; V, vomiting; np, not performed.

*Suspected PPI.

†Time interval between the last administration of the drug and the reaction, hours.

‡Time interval between the PPI reaction and the diagnostic tests, months.

65 patients with suspected PPI 
hypersensitivity

1. Skin tests with the suspected PPI 5 patients refused
diagnostic skin testing

Performed in 60 patients

Positive Negative

40/60 patients20/60 patients

Positive Negative Positive Negative/NP

2. Oral provocation tests with an alternative PPI other than the
suspected drug

2 patients 18 patients 6 patients Negative in 31 patients
NP in 3 patients

Positive Negative

3. Diagnostic oral provocation tests with the
suspected PPI (N = 12)

4/12 patients8/12 patients

30 control subjects

1. Skin tests with the PPIs

Positive Negative

0 subjects 30 subjects

Figure 1 Steps and results of the allergologic work-up in 30

control subjects and in 65 patients with symptoms suggestive of

an immediate hypersensitivity reaction after administration of PPIs

(NP, not performed).

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Omeprazole and pantoprazole have, respectively, a meth-

oxy and a difluoromethoxy chain in their benzimidazole

ring, whereas lansoprazole and rabeprazole have no modifi-

cations in that ring, but their pyridine rings have, respec-

tively, a trifluoroethoxy and methoxypropoxy chain (9).

Previous reports on reactions to PPIs describe the presence

of cross-reactivity of the whole group which could be

explained by structural similarity (7, 10). In keeping with

that, there are case reports demonstrating cross-reactivity

between lansoprazole and rabeprazole (5, 19). In our trial,

the drug most frequently involved was lansoprazole, and of

the 31 patients with a lansoprazole-induced hypersensitivity

reaction, 15 (48.4%) reacted to the other PPIs on skin tests

or OPTs (8/52 pantoprazole, 6/52 omeprazole, 5/52 esomep-

razole, 3/52 rabeprazole). These results do not agree with

those obtained in another study, in which patients sensitized

to lansoprazole and rabeprazole had negative test results

with the other PPIs (15). In isolated cases, cross-reactivity

between omeprazole and lansoprazole (9, 20) and between

omeprazole, pantoprazole, and lansoprazole (4, 21) has been

reported, previously. This was also the case in our study.

However, we observed many different patterns of cross-reac-

tivity. Despite the molecular differences, the most common

pattern was lansoprazole and pantoprazole cross-reactivity.

The different patterns of cross-reactivity shown in this and

the previous studies suggest that several chemical character-

istics (e.g. substitutions, metabolites) may be involved. The

data point to the importance of a thorough drug allergy

work-up for finding safe alternatives and of not assuming

the cross-reactivity of the whole group.

In this study, the majority of the historical reactions had

occurred in < 1 h, but in a small group, the interval between

the last drug dose and the reaction was between one and

24 h. We did not exclude these cases with immediate-type

symptoms for two reasons. Firstly, the enteric coating of the

PPIs may cause a delay in the onset of the reaction. Sec-

ondly, it is problematic to separate drug hypersensitivities

into immediate and nonimmediate reactions at an arbitrary

cutoff of 1 hour only (22). Nevertheless, the interval between

the last drug dose and the reaction was shorter in skin test-
positive patients than skin test-negative patients.

In conclusion, this study reports that skin tests in PPI-

induced immediate hypersensitivity reactions have perfect

specificity and positive predictive value but low sensitivity.

Considering that, skin testing seems to be a useful method

for the diagnosis of immediate-type hypersensitivity reactions

to PPIs and for the evaluation of cross-reactivity among

PPIs. However, OPT should be performed in case of negativ-

ity on skin tests.
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Table 2 Details of skin test results of the 20 patients who showed skin test positivity to the culprit PPI

Patient Drug*

Skin tests

O L P R E

3 L – + (30 mg/ml, prick) – – –

7 L – + (30 mg/ml, prick) – – –

10 L – + (30 mg/ml, prick) – – –

12 L – + (30 mg/ml, prick) – – –

13 L – + (30 mg/ml, prick) – – –

15 L – + (30 mg/ml, prick) – – –

16 L – + (30 mg/ml, prick) – – –

18 L – + (30 mg/ml, prick) – – –

19 L – + (30 mg/ml, prick) – – –

20 L – + (30 mg/ml, prick) – np –

2 L – + (30 mg/ml, prick) + (0.04 mg/ml, ID) – –

8 L – + (30 mg/ml, prick) + (0.004 mg/ml, ID) – –

17 L – + (30 mg/ml, prick) + (0.004 mg/ml, ID) – –

6 L – + (30 mg/ml, prick) – – + (0.8 mg/ml, ID)

11 L, E – + (30 mg/ml, prick) – – + (0.008 mg/ml, ID)

4 L, P, E – + (30 mg/ml, prick) – – + (20 mg/ml, prick)

14 L, P + (4 mg/ml, prick) – + (0.04 mg/ml, ID) – –

5 L + (0.04 mg/ml, ID) + (30 mg/ml, prick) – – –

9 P, E – – + (0.4 mg/ml, 40 mg/ml prick)† – –

1 R – – – + (20 mg/ml, prick) –

O, omeprazole; L, lansoprazole; P, pantoprazole; R, rabeprazole; E, esomeprazole; ID, intradermal test; np, not performed.

*Culprit PPI.

†Patient-9 had positive skin prick test results with both oral (40 mg/ml) and injectable (0.4 mg/ml) preparations of pantopazole.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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