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Diagnostic testing for penicillin allergy: A survey of practices 
and cost perceptions

To the Editor,
Having a penicillin allergy label associates with worse healthcare 
outcomes and increased treatment costs.1-3 However, whether peni‐
cillin allergy testing is cost‐saving remains unclear, particularly as 
there is heterogeneity in the practice of such testing.4

Therefore, we developed an online questionnaire to assess the 
practice and cost perceptions of diagnostic tests used in penicillin al‐
lergy evaluation. Regarding cost perceptions, we asked respondents 
to estimate material, personnel, and facilities costs of performing 
each assessed diagnostic test. We also asked for estimates on the 
total paid amounts for each performed test (ie, perceived reimburse‐
ments by the State, insurance companies, or patients). Respondents 
provided a level of confidence (low, medium, or high) for each re‐
ported cost estimate. This questionnaire targeted drug allergy ex‐
perts in Europe—we contacted European Network of Drug Allergy 
members by email, as well as first, last, and/or corresponding au‐
thors of publications in the field of drug allergy (our search was lim‐
ited to publications of the last 10 years). Survey respondents were 
re‐contacted to confirm outlier values.

To provide a broader comparison, we also contacted North 
American authors in the field of drug allergy, sending the same 

email to the Adverse Reactions to Drugs, Biologicals and Latex 
Committee of the AAAAI. In addition, we also (a) performed a 
comprehensive literature search in MEDLINE, Scopus, and Web 
of Science for publications assessing the costs of penicillin allergy 
tests, and (b) performed two cost assessments of material and per‐
sonnel costs for skin tests and drug provocation tests (DPT)—one 
in a Portuguese private Allergy Unit and another in a Portuguese 
public hospital Unit.

All reported costs were converted into Euro (€) using the three‐
month average of June‐August 2018. We performed descriptive 
analyses of data by standard methods. In addition, we identified fac‐
tors associated with higher or lower reported cost estimates for each 
test by performing linear regressions with the log‐transformation of 
summed reported costs as the dependent variable; multiple linear 
regression models were selected based on their AIC. Variables with 
missing data were excluded from regression models if missing values 
represented >5% of all responses; in the remaining cases, missing 
data were replaced by values determined by multivariate imputation 
by chained equations methods. We developed a Shiny‐based online 
app to allow for interactive exploration of our results (Appendix S1 
accessible at http://penal​lergy.med.up.pt).
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TA B L E  1  Description of the practice of penicillin allergy diagnosis tests reported by European and North American respondents (n = 51)

 
Skin 
prick test

Intradermal 
test Patch test Specific IgE

Drug 
provoca‐
tion test

Experience in performing the test/procedure—n (%) 48 (94.1) 47 (92.2) 31 (60.8) 34 (66.7) 48 (94.1)

Europe 42 (95.5) 41 (93.2) 29 (65.9) 33 (75.0) 41 (93.2)

North America 6 (85.7) 6 (85.7) 2 (28.6) 1 (14.3) 7 (100)

Percentage of patients with penicillin allergy label receiving the 
test/procedure—median (IQR)

75 (75) 80 (65) 15 (33) 30 (81) 80 (45)

Europe 85 (65) 80 (60) 20 (35) 30 (85) 80 (45)

North America 20 (58) 30 (53) 5 (0) 70a 98 (8)

Number of tests/procedures performed per patient—median (IQR) 5 (3) 5 (6) 3 (2) 3 (2) 3 (2)b

Europe 5 (3) 5 (6) 4 (3) 3 (2) 4 (2)b

North America 5 (1) 4 (5) 3 (0) 2a 2 (0.5)b

Number of drugs/determinants tested—median (IQR) 4 (2) 4 (3) 3 (2) 3 (2) ‐

Europe 4 (3) 4 (2) 3 (2) 3 (1) ‐

North America 4 (2) 4 (4) 5 (1) 2a ‐

Aminopenicillin testing—n (%) 46 (95.8) 43 (91.5) 30 (88.2) 28 (90.3) ‐

Europe 41 (97.6) 39 (95.1) 29 (87.9) 27 (93.1) ‐

North America 5 (83.3) 4 (66.7) 1 (100) 1 (50.0) ‐

Cephalosporin testing—n (%) 20 (41.7) 21 (44.7) 9 (26.5) 9 (26.5) ‐

Europe 19 (45.2) 19 (46.3) 9 (27.3) 9 (27.3) ‐

North America 1 (16.7) 2 (33.3) 0 0 ‐

Minutes required to perform each test/procedure—median (IQR) 45 (35) 45 (75) 40 (30) 180 (180) 300 (240)

Europe 45 (30) 60 (90) 40 (30) 180 (180) 300 (180)

North America 20 (30) 20 (34) 45 (15) 600a 120 (60)

Setting where the test/procedure is performed—n (%)

Outpatient 31 (64.6) 27 (57.4) 24 (77.4)/24 (77.4)c 28 (82.4)d 20 (41.7)

Europe 25 (59.5) 21 (51.2) 22 (75.9)/22 (75.9)c 27 (81.8)d 13 (31.7)

North America 6 (100) 6 (100) 2 (100)/2 (100)c 1 (100)d 7 (100)

Inpatient 2 (4.2) 3 (6.4) 1 (3.2)/ 1 (3.2)c 1 (2.9)d 12 (25.0)

Europe 2 (4.8) 3 (7.3) 1 (3.5)/1 (3.5)c 1 (3.0)d 10 (24.4)

North America 0 0 0 0 2 (28.6)

Day ward 16 (33.3) 19 (40.4) 7 (22.6)/ 8 (25.8) c 1 (2.9) d 23 (47.9)

Europe 16 (38.1) 19 (46.3) 7 (24.1)/ 8 (27.6) c 1 (3.0) d 23 (56.1)

North America 0 0 0 0 0

Laboratory 0 0 1 (3.2)/1 (3.2)c 8 (23.5)d 0

Europe 0 0 1 (3.5)/ 1 (3.5)c 8 (24.2)d 0

North America 0 0 0 0 0

Number of patients assessed in the same room—median (IQR) 3 (4) 3 (4) 1 (2)/ 1 (2)c ‐ 3 (3)

Europe 4 (3) 3 (3) 2 (2)/ 1 (2)c ‐ 3 (4)

North America 1 (0.5) 1 (0.5) 1 (0)/ 1 (0)c ‐ 2 (2)

Number of healthcare professionals required to perform each test/
procedure—median (IQR)

2 (1) 2 (1) 2 (1)/ 2 (1)c 2 (1)/ 2 (1)e 3 (1)

Europe 2 (1) 2 (1) 2 (1)/ 2 (1)c 2 (1)/ 2 (0)e 3 (2)

North America 2 (2) 2 (2) 3 (1)/ 2 (1)c 1/ 1ae 2 (1)

Abbreviations: IQR, interquartile range; max, maximum; min, minimum.
aNo IQR and range are presented, as there is only one sIgE estimate from North America. 
bThese values correspond to the average number of testing doses given in a drug provocation test in the context of penicillin allergy (the median per‐
centages for the frequency of patients requiring one, two or more than two drug provocation tests are, respectively, of 70% [IQR: 60%], 18% [IQR: 
22%], and 10% [IQR: 19%]). 
cValues for patch test preparation and application/Values for patch test results’ reading. 
dValues regarding the setting where blood sampling is performed. 
eValues for blood sampling/Values for specific IgE quantification. 
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F I G U R E  1  Respondent‐reported cost estimates (in 2018 Euro) of skin prick tests (A), intradermal tests (B), patch tests (C), IgE quantification 
(D), and drug provocation tests (E) in patients with suspected penicillin allergy, by respondents’ region, country, and work setting
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We obtained 51 responses to our questionnaire from 19 coun‐
tries (out of 389 individuals from 34 countries to whom the ques‐
tionnaire was directly sent, corresponding to a response rate of 
13.1%). Respondents were predominantly female (n = 33) and had a 
mean age of 46.4 years (Table S1). Most respondents were practicing 
allergists (n = 44) and worked in the public sector (n = 45). Forty‐four 
responses were from Europe, and 7 were from North America. In 
all, 38 emails were sent to confirm outlier values, with 27 (71%) re‐
sponses received.

More than 90% of respondents had experience in performing 
skin prick tests (SPT), DPT, and intradermal tests for penicillin allergy 
evaluations (Table 1). In patients with suspected penicillin allergy, in‐
tradermal tests and DPT were the most frequently performed tests 
(median frequency = 80%), followed by SPT (75%), specific IgE (sIgE) 
(30%), patch tests (15%), and basophil activation test (BAT) and lym‐
phocyte transformation test (LTT) (10%) (Appendix S1). The median 
required time was of 45 minutes to perform SPT and intradermal 
tests; for DPT, the median time was 5 hours. More than half respon‐
dents reported performing SPT (65%), intradermal tests (57%), and 
patch tests (77%) in the outpatient setting; DPT were most com‐
monly reported to be performed in the day ward (48%) (Appendix 
S1). A median of 2 healthcare professionals was necessary to per‐
form all tests except DPT (with a median of 3 professionals).

Regarding cost estimates, the highest median costs for assess‐
ing a patient were reported for DPT (€190.0), followed by BAT/
LTT (€90.0 for both), specific IgE quantification (€81.0), patch tests 
(€75.1), intradermal tests (€66.6), and SPT (€50.0) (Figure 1; Table 
S2; Appendix S1). Most reported cost estimates were either of me‐
dium or of low confidence (Table S2). Using multiple linear regres‐
sion models, we observed that higher cost estimates were most 
frequently associated with the number of involved healthcare pro‐
fessionals (particularly for SPT and intradermal tests) and working in 
Northwestern Europe (for intradermal tests and DPT) (Appendix S1).

Estimates of the median paid amount for each test were high‐
est for DPT (€112.7) and lowest for intradermal tests (€30.0), SPT 
(€28.8), and sIgE (€27.0) (Table S2; Appendix S1). For all assessed 
tests/procedures, the reimbursement to cost ratio (perceived amount 
paid dividing by the overall reported cost estimates) was lower than 
100%, ranging from 44.4% for patch tests to 73.8% for DPT; these 
percentages were higher in Europe than in North America for SPT, 
intradermal tests, and DPT.

In our comprehensive literature review, we identified six pub‐
lications assessing the costs of penicillin allergy diagnostic tests 
(namely skin tests and DPT),3,5-9 five of which performed in North 
America3,5-8 and one in Europe9 (Table S3)—our median reported 
material and personnel cost estimates were generally consistent 
with the values presented in those studies, while reported facilities 
costs may have been overestimated when compared to the value ob‐
tained in the only publication formally calculating space costs (€3).8 
Our cost assessment in a Portuguese private Allergy Unit identified 
a total cost per patient for skin tests of €41.7 (€14.3 for material 
costs + €27.4 for personnel costs) and for DPT of €78.6 (€10.1 for 
material costs + €68.5 for personnel costs) (Table S4). In the public 

sector, our cost assessment identified skin tests costs per patient of 
€95.0 (€73.5 for material costs + €21.5 for personnel costs) and DPT 
costs of €77.0 (€11.0 for material costs + €66.0 for personnel costs).

The estimates reported in this study provide unique contextual 
information on the need for context‐based cost assessments and on 
when penicillin allergy testing might be cost‐saving. This is particu‐
larly relevant as previous studies have shown that patients with a 
penicillin allergy label may have higher treatment costs due to the 
use of more expensive antibiotics and increased risk of hospital‐ac‐
quired infections (resulting in longer hospital stays), readmissions, 
and more ambulatory visits1-3—therefore, by prompting an allergy 
delabeling in most patients, generalized testing could possibly be 
cost‐saving.

This study has some important limitations regarding its sample 
size and low response rate. While the questionnaire length might 
have dissuaded some experts, we tried to minimize response fatigue 
by allowing skip patterns. Another potential limitation concerns the 
possibility of literacy‐related sample biases, although we re‐contacted 
respondents to clarify outliers/potential mistakes. Potential strengths 
include results novelty, the combined use of different methodologies, 
and the possibility of results exploration using an interactive app.

In conclusion, this study suggests that there is wide diversity in 
penicillin allergy testing practice and reported cost estimates, with 
median values ranging from €50.0 for SPT to €190.0 for DPT. Of 
note, respondents had not provided actual costs, but rather esti‐
mates based on their perceptions, and largely with low‐medium 
confidence. The fact that cost estimates were largely higher than re‐
ported paid amounts merits further attention, as it might negatively 
influence penicillin allergy diagnostic practice, which may result in 
worse clinical outcomes and in an increased healthcare burden.
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Anisakis is a major cause of anaphylaxis in seaside areas: An 
epidemiological study in Japan

To the Editor,
Anaphylaxis is a common condition observed in emergency depart‐
ments and is sometimes associated with a fatal outcome. Following 
the establishment of standard criteria for anaphylaxis, several epide‐
miological studies have reported increasing incidence rates ranging 
from 50 to 112 per 100 000.1

We undertook this retrospective case‐based study by identifying 
cases of anaphylaxis among the residents of two cities (Tateyama and 
Minami‐Boso) in the Awa region of the southernmost part of Boso 
Peninsula, Japan (Figure S1). We identified patients who had been 
diagnosed with anaphylaxis at two hospitals, namely the Kameda 
Medical Center (KMC) and Awa Regional Medical Center (ARMEC), 
between September 2010 and August 2015. Most emergency pa‐
tients in the Awa region attend these emergency departments as 
there are few emergency hospitals within this rural area (these two 
hospitals accepted 78.4% of all emergency patients in the region; 
in‐house data). Episodes of anaphylaxis were identified by search‐
ing electronic medical records using diagnostic anaphylaxis‐related 
codes. In all cases, the diagnosis of anaphylaxis was confirmed based 
on the World Allergy Organization anaphylaxis criteria.2 In patients 
with two or more events, each anaphylactic event was counted sep‐
arately. We excluded all patients with drug hypersensitivity–related 
anaphylaxis because of incomplete data collection. The inciting fac‐
tors were determined in each case, based on patient history and ex‐
aminations mainly involving in vitro‐specific immunoglobulin E (IgE) 
testing. We report the age‐adjusted incidence of anaphylaxis and its 
causes. Incidence rates were calculated according to the number of 
residents in the two cities. The World Health Organization3 standard 
population distribution was used for age adjustment. A Fisher's test 
of variance was used to compare values between multiple groups. 
The study was approved by the KMC (approval number: 15‐081) 
and ARMEC (approval number: 14) review boards according to the 

Ethical Guidelines for Medical and Health Research Involving Human 
Subjects of the Japanese Ministry of Health, Labor, and Welfare. The 
requirement to obtain informed consent from each participant was 
waived by the ethics committee in favor of posting an opt‐out docu‐
ment on the hospital website (Method S1).

A total of 232 cases of anaphylaxis were identified in 203 pa‐
tients. The total age‐adjusted incidence rate was calculated as 56.0 
cases (95% confidence interval [CI], 45.1‐66.9) per 100 000 person‐
years. Of 203 patients, 67.2% were male. The incidence associated 
with each culprit is shown in Table 1. The age distribution (Figure 1) 
exhibits two peaks at 0‐4 and 55‐69 years of age. Most cases oc‐
curring in the sixth and seventh decades were due to ingested fish.

In 93 (45.8%) patients, specific IgE antibodies to putative aller‐
gens were investigated. As shown in Table 1 and Figure S2, ingested 
fish was the most frequent allergen (n = 128, 55.2%). Specific IgE an‐
tibodies were tested in 45 of 128 (35.2%) of cases involving ingested 
fish, and of these, 41 (91%) were positive for Anisakis‐specific IgE 
antibodies, while specific IgE antibody tests for fish types (including 
mackerel, salmon, tuna, moth, and sardine) were negative.

A detailed list of symptoms categorized by presumed cause is 
provided in the Table S1. Gastrointestinal symptoms were mark‐
edly more frequent with ingested fish–related anaphylaxis com‐
pared with other food‐related anaphylaxis (P =  .029). The average 
time from ingestion to anaphylaxis onset was longer in cases of in‐
gested fish–related anaphylaxis (Table 1). A biphasic reaction was 
identified in only five patients (2.2%). There were no cases of fatal 
anaphylaxis.

The estimated incidence rate in our study (56.0 per 100  000 
person‐years) may have been underestimated because we excluded 
drug‐hypersensitivity cases. The large number of patients with in‐
gested fish–related anaphylaxis was a distinctive feature of this 
study.
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