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zole was the most commonly suspected drug with 41 
patients (68.3%), followed by pantoprazole in 12 patients 
(20.0%), esomeprazole in 6 (10.0%), rabeprazole in 4 (6.7%), 
and omeprazole in 1 (1.7%). Anaphylaxis (40 patients, 66.7%) 
was the most common clinical presentation followed by ur-
ticaria (17 patients, 28.3%). Diagnostic skin tests with the cul-
prit PPI were positive in 13/26 patients (50.0%). Diagnostic 
oral-provocation tests were negative in 6/8 patients; 5 of 
these 6 patients had skin test results with the culprit PPI, and 
all were negative. Ten patients had at least 1 cross-reactivity. 
Extensive cross-reactivity (between >2 PPIs) was detected in 
4 patients.  Conclusions:  Lansoprazole was the most fre-
quently implicated drug and anaphylaxis was the most
frequent manifestation of PPI-induced hypersensitivity re-
actions. Physicians should be aware of the possible cross-
reactivity among PPIs; however, a safe, alternative PPI can 
usually be detected by a thorough drug allergy workup. 

 © 2016 S. Karger AG, Basel 
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 Abstract 

  Background:  We previously reported perfect specificity and 
low sensitivity of skin tests in proton pump inhibitor (PPI)-
induced immediate hypersensitivity reactions in a prospec-
tive multicenter study. Here, in a retrospective study, we 
aimed to further evaluate the diagnostic workup proce-
dures and characteristics of the patients with suspected PPI 
hypersensitivity.  Methods:  This national multicenter study 
was conducted as a retrospective chart review of patients 
with a history of PPI-induced immediate hypersensitivity
reaction. A total of 60 patients were included. Results of di-
agnostic workup procedures (standardized skin-prick, intra-
dermal, and oral-provocation tests with PPIs) and the char-
acteristics of the patients were analyzed.  Results:  Lansopra-
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 Introduction 

 Proton pump inhibitors (PPIs) are one of the most 
commonly prescribed drugs and are widely used for treat-
ing acid-peptic diseases. Although hypersensitivity reac-
tions due to PPIs are rare, several anaphylactic reactions 
have been reported  [1–14] . The frequency of life-threat-
ening reactions due to immediate hypersensitivity to PPIs 
and the common usage of these drugs make PPI hyper-
sensitivity a significant problem.

  Skin tests are useful in the diagnosis of immediate re-
actions to PPIs  [12, 13] . We previously reported perfect 
specificity and low sensitivity of skin tests in PPI-induced 
immediate hypersensitivity reactions in a prospective, 
multicenter study  [12] . Previous trials and case reports 
suggested variable cross-reactivity patterns among PPIs 
 [1, 6, 7, 12, 13, 15] . In this retrospective, multicenter 
study, we aimed to evaluate the diagnostic workup proce-
dures and characteristics of patients with suspected PPI 
hypersensitivity.

  Material and Methods 

 In this multicenter study, we retrospectively reviewed charts 
from the period 2013–2016 of 60 patients who were referred to the 
allergy departments of 6 hospitals located in Ankara, İstanbul and 
Rize in Turkey, who had a history suggestive of an immediate hy-
persensitivity reaction after the administration of a PPI. Subjects 
with symptoms attributable to known side effects were not includ-
ed. The study was approved by the Local Ethics Committee of the 
Ankara University School of Medicine.

  The following data were collected: demographics, atopic status, 
clinical features, relevant medical history, and the results of skin 
testing and oral-provocation tests (OPTs) with PPIs. The severity 
of the reaction was assessed according to the Ring-Messmer scale 
 [16] . Drug allergy workup was not uniform, because of the retro-
spective nature of the study. Diagnostic tests were performed ac-
cording to the allergist’s decision and the patient’s consent. We 
used skin test concentrations proven in our previous study to be 
nonirritating in 30 healthy controls  [12] . Skin-prick tests (SPTs) 
were performed with the undiluted commercial oral preparations 
of an omeprazole capsule (20 mg), a lansoprazole capsule (30 mg), 
a pantoprazole tablet (40 mg), a rabeprazole tablet (20 mg), and an 
esomeprazole tablet (20 mg) by the prick method and 1/10 and 1/1 
dilutions of injectable preparations of omeprazole (4 mg/mL), 
pantoprazole (4 mg/mL), and esomeprazole (8 mg/mL), along 
with positive (histamine 0.01%) and negative (saline 0.9%) con-
trols. For the SPT, the tablets and micropellet capsules were ground 
in a mortar and diluted with 1 mL of 0.9% NaCI according to the 
method described previously  [17] . 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. If SPTs were negative, intradermal tests 
(IDTs) were performed with the injectable preparations of ome-
prazole (4 mg/mL), pantoprazole (4 mg/mL), and esomeprazole

(8 mg/mL) at 1/1,000, 1/100, and 1/10 dilutions. An amount of 0.03 
mL of test solution was injected into the skin to produce a bleb. 
Readings were conducted after 15 min and were considered posi-
tive if the size of the initial wheal had increased by at least 3 mm in 
diameter and was surrounded by erythema. 

  After the skin tests, single-blind, placebo-controlled OPTs with 
the alternative PPIs which had displayed negative results in theskin 
tests, and/or diagnostic OPTs with the culprit PPI were performed 
in patients who gave their informed consent. During these tests, an 
omeprazole capsule (5, 10, and 20 mg), a lansoprazole capsule (7.5, 
15, and 30 mg), a pantoprazole tablet (5, 10, and 20 mg), a rabe-
prazole tablet (5, 10, and 20 mg), and an esomeprazole tablet (5, 
10, and 20 mg) were administered each on different days at 30-min 
intervals at increasing doses till reaching the full dose or the symp-
toms of a drug reaction occurred. The test results were accepted as 
positive if clinical signs (urticaria, angiooedema, bronchospasm, 
or other objective signs of the original drug reaction) or a 20% fall 
in FEV 1  were observed.

  The statistical analysis was performed using the SPSS program 
v18.0 (SPSS Inc., Chicago, IL, USA). The Fisher exact test was per-
formed to compare the severity of the reactions between patients 
with negative and positive skin test results. A  p  value of <0.05 was 
considered significant.

  Results 

 Subject Characteristics 
 Sixty patients, i.e. 52 females (86.7%) and 8 males 

(13.3%); median (min–max) age 46.5 (18–73) years, with 
a history suggesting a PPI-induced immediate hypersen-
sitivity reaction were included in the study. Lansoprazole 
was the most commonly suspected drug in 41 patients 
(68.3%), followed by pantoprazole in 12 (20.0%), esome-
prazole in 6 (10.0%), rabeprazole in 4 (6.7%), and omepra-
zole in 1 (1.7%). Two patients (3.3%) had a history of hy-
persensitivity reactions with unknown PPIs and 5 had had 
distinct reactions to different PPIs in separate episodes. 
The time interval between the last dose of the drug and the 
reaction was  ≤ 1 h in 51 patients (85.0%), 1–7 h in 6 
(10.0%), and was unknown in 3 (5.0%; median 0.5 h, min–
max: 0.05–7 h). Anaphylaxis was the most common clini-
cal presentation in 40 patients (66.7%), followed by urti-
caria in 17 (28.3%), a generalized erythematous rash in 2 
(3.3%), and isolated dyspnea in 1 (1.7%). The severity of 
the reaction was grade 1 in 19 patients (31.7%), grade 2 in 
19 (31.7%), and grade 3 in 22 (36.7%). SPT results with 
common inhalant allergens were available in 31 patients 
(51.7%), and 8 of these (25.8%) had positivity on the SPTs.

  Drug Hypersensitivity Workup Results 
 The median interval between the reaction and the di-

agnostic tests was 4 months (min–max: 0.5–60 months). 
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 Table 1.  Clinical characteristics, skin test and OPT results (patients 1 – 21, cases with a definitive positive diagnosis, obtained with skin 
testing and/or OPTs with the suspected and/or an alternative PPI; patients 22 – 27, 6 cases in which OPTs with the suspected drug were 
negative)

Patient
No.

Age,
years

Gender Druga Reaction Grade Latencyb,
h

Timec,
months

Skin tests  OPT

O L P R E  O L P R E

1 59 F L ana 2 1 3 np + np np – np np np np –
2 29 F P ana 2 7 0.75 np – + np np np npd np np np
3 29 F P ana 2 0.4 1 + –e + + + np + np np np
4 25 F P ana 3 0.1 4 np np + np np np – np np +
5 45 F E, R, L urt 1 4 1 np – + np + np np np np np
6 60 F L ana 2 1 12 np + – np np np np – np np
7 44 F E ana 2 0.25 x – np + np + – – np – np
8 43 F L ana 3 0.25 2 np + – np np np np – np np
9 50 F L ana 3 1 1 np + – np np np np – np np

10 69 F L ana 3 0.1 3 np + – np np np np – np np
11 39 F L urt 1 1 1 – + – np – – np – np –
12 41 F L ana 3 0.75 x np np np np np – + np np np
13 39 F L urt 1 3 x np np np np np np + np np np
14 47 F L ana 3 1 36 np np np np – np np – np +
15 55 F L ana 2 1 60 + np – np – np np – np –
16 49 F L ana 2 0.1 x – np + np + – np np – np
17 38 F L urt 1 0.1 x np – + np – np np np np –
18 70 F P, U ana 3 0.1 24 + – np – + np – np + np
19 36 F L ana 3 0.5 24 – np + np – – np np np –
20 33 M L ana 3 0.1 x np + np – – np np np np np
21 44 F L ery 1 0.5 0.5 np + – np np np np – np np
22 35 F L ana 3 0.1 12 np – np np np np – np np np
23 53 F L ana 2 0.25 x – np – np – – – – – –
24 33 F P ana 2 0.05 x np np – np np np np – np np
25 24 F L ana 2 0.05 x np – np np np np – np np np
26 49 M L ana 2 0.5 x np – np np np np – np np np
27 55 F E ana 2 0.5 x np np np np – np np np np –
28 57 F L ana 3 0.3 10 np np – np np np np – np np
29 18 F L ana 3 0.1 1 np – – np  np np np – np np
30 28 F U urt 1 x x – – – – – np np np np np
31 28 F L ana 2 0.2 60 np – – np np np np – np np
32 47 F O ana 3 x 36 np np – np – np npd np np np
33 44 F L urt 1 2 7 – – – – – – np – – –
34 22 F R ery 1 x 1 np np np np np np np np np –
35 41 F L ana 2 0.25 1 np np – np np np np – np np
36 57 F L ana 3 0.1 1 np np np np np np np – np np
37 30 M L ana 3 0.25 x np np np np – np np np np –
38 55 F P ana 3 0.1 1 – np np – – np np np – –
39 47 M R dysp 2 1 4 np – np np – np – np np –
40 46 F L ana 3 0.2 x np np – np – np np – np –
41 52 F L urt 1 1 x np np np np np np np – np –
42 53 M L ana 3 0.5 1 np np – np np np np – np np
43 32 F L urt 1 0.5 1 np np np np – np np np np –
44 39 F L ana 3 0.5 12 – np – np – – np – np –
45 35 F P urt 1 2 2 – np np np np – np np np np
46 54 F E urt 1 2 2 np – np np np np – np np np
47 60 M R ana 3 1 x np np – np np np np – np np
48 65 F L urt 1 1 48 np np – np np np np – np np
49 37 F E urt 1 1 36 np np – np np np np – np np
50 27 F P, E ana 2 1 36 – np np np np – np np np np
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The characteristics of the patients and the results of the 
skin tests and OPTs for the individual cases are shown in 
 Table 1 . Diagnostic skin tests with the suspected PPI were 
performed on 26/60 patients. Diagnostic skin testing re-
sulted as positive in 13/26 patients (50.0%;  Fig.  1 ;  Ta-
ble 2 ). Among these 13 patients, 10 had positivity on SPT, 
and 3 on IDT ( Table 2 ). Diagnostic skin tests were posi-
tive for lansoprazole in 8/18 patients (44.4%), for panto-

prazole in 3/6 patients (50.0%), and for esomeprazole in 
2/3 patients (66.7%). The severity of the reaction was not 
statistically different between patients with negative and 
positive skin test results (4 patients with grade 1, 6 with 
grade 2, and 3 with grade 3, and 3 with grade 1, 5 with 
grade 2, and 5 with grade 3, respectively;  p  = 0.673). Be-
cause of the small number of patients with each grade, we 
combined grade 1 and grade 2 reactions while comparing 

Patient
No.

Age,
years

Gender Druga Reaction Grade Latencyb,
h

Timec,
months

Skin tests  OPT

O L P R E  O L P R E

51 58 F L urt 1 1 x np np – np – np np – np np
52 53 F L urt 1 1 x np np – np np np np – np np
53 47 F L ana 2 1 x np – – np np np np – np np
54 55 F L ana 2 1 24 np np – np np np np – np np
55 73 F P urt 1 1 36 – np np np – np np np np –
56 47 F L, P urt 1 1 24 np np np np – np np np np –
57 56 F L, P ana 3 1 3 – – – np – np np np np –
58 53 M L ana 2 0.5 x – np – np – – np – – –
59 56 F L ana 3 0.5 x – np – np – – np – – –
60 37 M P urt 1 1 5 np – – – np np np np np np

  O, omeprazole; L, lansoprazole; P, pantoprazole; R, rabeprazole; E, esomeprazole; U, unknown PPI; OPT, oral provocation test; ana, 
anaphylaxis; urt, urticaria; dysp, dyspnea; ery, generalized erythematous rash; np, not performed; x, unknown. a Suspected PPI. b Time 
interval between the last administration of the drug and the reaction. c Interval between the reaction and diagnostic tests. d OPT was not 
performed, but the patient could use the drug without a problem. e There was a 2 × 2 mm edema in the skin-prick test with lansoprazole.

Table 1 (continued)

Diagnostic skin test performed in 26 patients

60 patients

Positive in 13 patients
(10 on SPT, 3 on IDT)

2 AST (+)
1 AOPT (+)
1 AST and AOPT (+)

5 diagnostic OPT (–)
1 AST (+)

7 no definitive
   diagnosis

Negative in 13 patients

Diagnostic skin test not performed in 34 patients

2 diagnostic OPT (+)
3 AST (+)
1 AOPT (+)
1 AST and AOPT (+)
1 diagnostic OPT (–)

26 no definitive
     diagnosis

  Fig. 1.  Results of the drug allergy workup in 60 patients with symp-
toms suggestive of a hypersensitivity reaction after the administra-
tion of PPIs. AST, skin test with a PPI other than the suspected 

drug; AOPT, oral provocation test with a PPI other than the sus-
pected drug; OPT, oral provocation test; SPT, skin-prick test; IDT, 
intradermal test. 
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the severity of the reactions between patients with nega-
tive and positive skin test results. 

  Of the 13 patients with negative diagnostic skin test 
results, 5 had diagnostic OPTs with the suspected PPI and 
all were negative, and 1 had positivity on a skin test with 
a PPI other than the suspected drug ( Table 1 ; patient No. 
17). Among the 34 patients on whom diagnostic skin tests 
with the suspected PPI were not performed, 2 had posi-
tive and 1 had negative diagnostic OPT results with the 
culprit PPI, and 5 had positive results with an alternative 
PPI on skin testing and/or OPTs ( Fig. 1 ).

  Diagnostic OPTs with the suspected PPIs were per-
formed in 8 patients ( Table 1 ). These were negative in 6/8 
patients (75.0%), and 5 of these 6 patients had diagnostic 
skin test results with the culprit PPI, all of which were 
negative. Of these 6 patients with a negative diagnostic 
OPT, 5 had a history of grade 2 reactions, and one had 
grade 3 reactions. Of the 2 patients with positive diagnos-
tic OPTs with the suspected PPI, 1 had a history of grade 
1 reactions, and 1 had grade 3 reactions. The reactions 
which occurred during the diagnostic OPTs were of grade 
1 severity in 1 patient and grade 3 in the other patient. The 
latency between the last provocation dose and the reac-
tion was 2 h in the patient with the grade 1 reaction and 
was not noted in the patient with the grade 3 reaction. 
These reactions showed a full recovery shortly after treat-
ment. OPTs with PPIs other than the culprit PPI in the 
clinical history were performed on 47/60 patients (78.3%). 

Positivity rates were as follows: 0/11 for omeprazole, 1/6 
(16.7%) for lansoprazole, 0/27 for pantoprazole, 1/7 
(14.3%) for rabeprazole, and 2/21 (9.5%) for esomepra-
zole.

  A definitive diagnosis was obtained with skin testing 
and/or OPTs with the suspected and/or alternative PPI 
in 27 patients (positive in 21 patients and negative in 6; 
 Fig. 1 ;  Table 1 ). Diagnostic skin tests with the suspected 
PPI were performed in 19 of these 27 patients, i.e. in 14 
with confirmed PPI hypersensitivity and in 5 with a neg-
ative diagnostic OPT result. The result was positive in 
13/14 patients with confirmed PPI hypersensitivity and 
all 5 patients with a negative diagnostic OPT result 
showed a negative result on the skin test with the sus-
pected PPI.

  We evaluated cross-reactivity in 21 patients in whom 
a positive definitive diagnosis was established. Ten pa-
tients had at least 1 cross-reactivity. Pantoprazole-esome-
prazole cross-reactivity was detected in 2, lansoprazole-
pantoprazole cross-reactivity in 2, lansopraloze-omepra-
zole cross-reactivity in 1, and lansoprazole-esomeprazole 
cross-reactivity in 1. Extensive cross-reactivity (i.e. be-
tween >2 PPIs) was detected in 4 patients. Of these 4, the 
first  had a lansoprazole-pantoprazole-esomeprazole re-
activity, and tolerated omeprazole and rabeprazole. The 
second had reactivity for the whole PPI group. The third 
had an omeprazole-pantoprazole-rabeprazole-esome-
prazole hypersensitivity but tolerated lansoprazole, and 

 Table 2.  Skin test results of the 13 patients who showed positivity in diagnostic skin testing with the suspected PPI

Patient
No.

Druga  Skin tests

 O L P R E

1 L np + (30 mg/mL, SPT) np np –
2 P np – + (0.04 mg/mL, IDT) np np
3 P + (0.004 mg/mL, ID) –b + (40 mg/mL, SPT) + (20 mg/mL, SPT) + (0.008 mg/mL, IDT)
4 P np np + (0.04 mg/mL, IDT) np np
5 E, R, L np – + (40 mg/mL, SPT) np + (20 mg/mL, SPT)
6 L np + (30 mg/mL, SPT) – np np
7 E – np + (4 mg/mL, SPT) np + (0.8 mg/mL, IDT)
8 L np + (30 mg/mL, SPT) – np np
9 L np + (30 mg/mL, SPT) – np np

10 L np + (30 mg/mL, SPT) – np np
11 L – + (30 mg/mL, SPT) – np –
20 L np + (30 mg/mL, SPT) np – –
21 L np + (30 mg/mL, SPT) – np np

 O, omeprazole; L, lansoprazole; P, pantoprazole; R, rabeprazole; E, esomeprazole; IDT, intradermal test; np, not performed; SPT, 
skin-prick test. a Suspected PPI. b There was a 2 × 2 mm edema on the SPT with lansoprazole.
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the last had a lansoprazole-pantoprazole-rabeprazole-
esomeprazole hypersensitivity. In the last case, no OPT 
with omeprazole was performed, so we could not exclude 
hypersensitivity for the whole group.

  Discussion 

 In this study, we reported the clinical characteristics 
and allergy workup results of 60 patients with suspected 
PPI hypersensitivity. The major causative drug was lan-
soprazole in 41 patients (68.3%). A similar finding was 
observed in our previous study in which lansoprazole was 
the suspected drug in 80% of the cases (52/65 patients) 
 [12] . Another large trial showed a different distribution 
of the frequency of PPI involvement; Bonadonna et al. 
 [13]  reported a more frequent involvement with esome-
prazole (30%) followed by lansoprazole (26.4%). The 
strikingly frequent involvement of lansoprazole in both 
of our studies may be due to the prescription patterns in 
Turkey, since lansoprazole is the most commonly pre-
scribed PPI in our country. A current review, in which 
199 immediate reactions to PPIs have been evaluated, 
supported the most frequent involvement of lansoprazole 
(n = 77) in immediate hypersensitivity reactions due to 
PPIs  [18] . In this study, 25.8% of the cases with an avail-
able common-inhalant SPT result were atopic, but since 
we did not have a control group, atopy was not analyzed 
as a risk factor for PPI hypersensitivity.

  In our previous study, we analyzed the diagnostic val-
ue of skin tests in a group of 38 patients with PPI-in-
duced immediate-type hypersensitivity reactions and in 
30 healthy controls. The specificity and positive predic-
tive value of the tests were both 100%, and the sensitiv-
ity and negative predictive value were 58.8 and 70.8%, 
respectively  [12] . In this study, we could confirm a de-
finitive diagnosis regarding PPI hypersensitivity with 
skin testing and/or OPTs with the suspected and/or al-
ternative PPIs in 27 patients. Diagnostic skin tests with 
the suspected PPI were performed in 19 of these 27 pa-
tients (in 14 patients with confirmed PPI hypersensitiv-
ity and 5 with a negative diagnostic OPT result). Diag-
nostic skin testing resulted as positive in 13/14 patients 
with confirmed PPI hypersensitivity. All 5 patients with 
a negative diagnostic OPT result showed a negative re-
sult on the skin test with the suspected PPI. In another 
large study, Bonadonna et al.  [13]  analyzed 53 patients 
with immediate reactions to PPIs and reported the diag-
nostic performance of skin tests versus OPTs in patients 
with grade 1 and 2 reactions. They reported 100% spec-

ificity, 100% positive predictive value, 91.9% negative 
predictive value, and 61.3% sensitivity in their study 
population. 

  In this study, we used skin test concentrations that had 
been proved to be nonirritating in 30 control subjects in 
our previous study  [12] . To the best of our knowledge, 
false skin test positivity to PPIs confirmed by challenge 
tests has not been reported so far. In the study by Bo-
nadonna et al.  [13] , 4/12 patients who exhibited positive 
skin tests with the suspected PPI underwent an OPT, and 
the result was positive in all cases. Additionally, there are 
case reports showing confirmation of skin test positivity 
with oral challenge tests with PPIs  [1–3, 6] . Based on these 
data, we did not perform confirmatory OPTs in patients 
with skin test positivity to the culprit or alternative PPIs. 
Similarly, in a recent review, the authors suggest that, giv-
en the very high specificity and PPV of skin testing in 
cases of suspected IgE-mediated reactions, OPTs should 
be performed only in cases of negative results, to rule out 
the diagnosis  [19] .

  Anaphylaxis was the most common clinical presenta-
tion of PPI hypersensitivity (66.7%) and hypotension oc-
curred in 20% of the cases in this study. Anaphylaxis was 
also frequent in the previous reports  [12, 19, 20] . The la-
tency time between the last drug intake and the reaction 
was  ≤ 1 h in 85% and 1–7 h in 10% of the study patients. 
In 1 of our patients with a history of anaphylaxis with 
pantoprazole, the latency time was 7 h. The IDT with pan-
toprazole was positive in this patient, suggesting an im-
mediate hypersensitivity mechanism. There are case re-
ports of delayed anaphylaxis to PPIs that begin up to 24 h 
after drug intake  [11, 21, 22] . This may be explained by 
the enteric coating of the PPIs which may cause a delay in 
the onset of the reaction. It was also hypothesized that 
polymorphisms in the cytochrome P450 CYP2C19 gene 
(associated with a poor metabolizer phenotype) might be 
related to anaphylaxis timing  [21] .

  Cross-reactivity exists among the various PPIs; how-
ever, the patterns of cross-reactivity are variable  [23] . 
PPIs have a benzimidazole ring and a pyridine ring. 
Omeprazole, esomeprazole and pantoprazole have 
changes in their benzimidazole rings whereas lansopra-
zole and rabeprazole have modification in their pyridine 
rings  [19] . Four general patterns of cross-reactivity, which 
could be explained by the chemical structure of PPIs, have 
been identified based on the published articles: whole-
group hypersensitivity, omeprazole-esomeprazole-pan-
toprazole hypersensitivity, lansoprazole-rabeprazole hy-
persensitivity, and selective sensitization to a single PPI 
 [19] . Although we could not perform a full analysis of 
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cross-reactivity with all PPIs in most of our cases, 10/21 
patients with a positive definitive diagnosis showed at 
least 1 cross-reactivity. Four of these may fit to the pat-
terns described, i.e. 1 with whole-group sensitivity, 1 with 
possible whole-group sensitivity, 1 with pantoprazole-
esomeprazole cross-reactivity (and no OPT with omepra-
zole), and 1 with pantoprazole-esomeprazole cross-reac-
tivity. However, the cross-reactivity in the remaining 6 
cases (lansoprazole-pantoprazole in 2 patients, lanso-
praloze-omeprazole in 1, lansoprazole-esomeprazole in 
1, lansoprazole-pantoprazole-esomeprazole in 1, and 
omeprazole-pantoprazole-rabeprazole-esomeprazole in 
1) cannot be explained by these patterns. In our previous 
study, despite the molecular differences, the most com-
mon pattern of cross-reactivity was between lansoprazole 
and pantoprazole  [12] . Cross-reactivity of omeprazole-
lansoprazole  [6, 12] , omeprazole-pantoprazole-lansopra-

zole  [1, 15] , and omeprazole-rabeprazole-pantoprazole 
 [20]  has also been reported.

  In conclusion, lansoprazole was the most frequently 
implicated drug and anaphylaxis was the most frequent 
manifestation of PPI-induced hypersensitivity reactions. 
Delayed-onset PPI reactions with a suspected immediate 
hypersensitivity mechanism might be possible. We 
strongly recommend skin testing with PPIs before per-
forming OPTs. Physicians should be aware of the possible 
cross-reactivity among PPIs; however, a safe, alternative 
PPI can usually be detected by a thorough drug allergy 
workup. 
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