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Abstract

Background: β‐Lactam allergy is over‐reported and this leads to greater

healthcare costs. Allergy testing has inherent risks, yet patients who test

negative may continue avoiding β‐lactams.

Objective: To evaluate the safety and diagnostic value of β‐lactams allergy

testing locally and usage of antibiotics following negative testing.

Methods: We performed a retrospective medical record review and follow‐up
survey of patients who underwent β‐lactam testing between 2010 and 2016 at

the National Skin Centre, Singapore.

Results: We reviewed the records of 166 patients, with a total of 173 β‐lactam
allergy labels. Eighty (46.2%) labels were to penicillin, 75 (43.1%) to

amoxicillin/amoxicillin‐clavulanic acid, 11 (6.4%) to cephalexin, and 5 (2.9%)

to others. Skin tests were performed in 142 patients and drug provocation tests

(DPTs) in 141 patients. Eleven (6.6%) patients defaulted DPTs after skin test-

ing. Out of 166 patients, 22 (13.3%) patients were proven allergic by either skin

tests (16) or DPTs (6). Patients who tested positive had nonsevere reactions.

Out of 155 patients who were conclusively evaluated, 133 (85.8%) were not

allergic. Of these patients, 30 (22.6%) used the tested β‐lactam subsequently,

with one reporting a mild reaction. Fifty‐one (38.3%) patients were un-

contactable or uncertain if they consumed a β‐lactam since testing negative.

Fifty‐two (39.1%) patients had no re‐exposure (35 had no indication, 17 were

fearful of reactions).

Conclusion: Drug allergy testing was safe and removed inappropriate labels.

Clinical Implication: Allergy testing is efficacious, but fears of subsequent

rechallenge should be addressed to maximize the effectiveness of allergy

delabeling.
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1 | INTRODUCTION

β‐Lactams are the most commonly used antibiotics in the
world.1 Penicillin allergy is reported in 10% to 20% of pa-
tients in clinical practice2‐4 but it has been shown that most
of these patients do not have true allergies and are able to
tolerate penicillins after thorough allergy evaluation.5

Patients who are labeled penicillin‐allergic may be pre-
scribed less effective, more expensive or more toxic drugs,
leading to increased healthcare costs, and antimicrobial‐
resistant infections.6 Certain populations such as patients
with malignancies, human immunodeficiency virus (HIV)
infection and recurrent sinusitis or urinary tract infections
are more likely to require multiple courses of antibiotics
and benefit from appropriate allergy labeling.7

The importance of penicillin allergy delabeling has
been recognized by antibiotic stewardship programs.8,9

However allergy testing is time‐consuming and has in-
herent risks as even skin tests may trigger anaphylaxis.10

Furthermore, despite efforts to remove allergy labels,
patients who test negative may not subsequently receive
the antibiotics tested due to accidental relabeling11 or
patients' and physicians' perceptions12 which may result
in persistence of incorrect allergy labels.

In this study, our primary aim was to determine the
clinical value and safety of β‐lactam allergy evaluation per-
formed in a dermatology outpatient clinic. Our secondary
aims were to evaluate patient usage of antibiotics following
negative testing and identify factors for nonusage.

2 | METHODS

We performed a 7‐year, retrospective medical record re-
view of patients over the age of 16 years old who un-
derwent skin tests and/or drug provocation tests (DPT) to
any β‐lactam antibiotics at the drug eruption clinic in
National Skin Centre, Singapore from 1st January 2010 to
31st December 2016. This study was performed as an
audit on safety and quality of patient care.

Careful history taking and examination were per-
formed in all patients. We corroborated patients' drug
histories with electronic medical records when available
and by contacting physicians involved in the care of the
patients when necessary. We determined the types of
cutaneous and systemic reactions, time to onset of reac-
tion after drug consumption and comorbidities. Drug
hypersensitivity reactions were considered “immediate”
if onset of symptoms occurred within 1 to 6 hours of last
dose of drug, and “delayed” if occurred after 6 hours.
Patients with reactions strongly suggestive of anaphylaxis

were not evaluated further in our clinic due to safety
reasons and centre's policy. These cases were referred
to a general hospital with emergency or intensive care
facilities.

In patients with history suggestive of delayed reac-
tions, patch tests (PTs) with crushed commercial tablets
in 30% white soft paraffin were performed as per guide-
lines13 and readings done at day 2 and 4 according to
International Contact Dermatitis Research Group criter-
ia. In patients with initial reaction of uncertain nature or
suggestive of immediate hypersensitivity, skin prick tests
(SPT) followed by intradermal tests (IDT) were per-
formed in accordance with previous recommendations14

with penicillin G, ampicillin, amoxicillin‐clavulanic acid
and DAP Penicillin Test Kit (Diater; Madrid, Spain)
which consisted of benzylpenicilloyl poly‐L‐lysine (PPL)
and minor determinant mixture (MDM). PPL and MDM
were replaced on 1 December 2011 by benzylpenicilloyl
octa‐L‐lysine and the minor determinant (sodium ben-
zylpenilloate), respectively. SPT/IDT with delayed read-
ing at 24 to 48 hours were performed in some patients
with uncertain reaction or delayed type reaction. In pa-
tients labeled allergic to a cephalosporin, SPT/IDT to the
above and the labeled cephalosporin (if available in in-
travenous form) was also done. If the cephalosporin did
not exist in intravenous form (eg, cephalexin), only SPT
to the pulverized commercial tablet was performed.

Direct DPTs were performed in some cases if patients
declined skin tests and their reactions were considered to
be of low risk (ie, without signs of angioedema, anaphy-
laxis, pustulosis, mucositis, blisters, erosions, or painful
skin lesions). Completion of DPT was necessary to con-
clude drug allergy evaluation.

DPTs to the labeled β‐lactam were performed in
general accordance with guidelines of the European
Network for Drug Allergy.15 DPT was performed without
blinding, either as a single therapeutic dose challenge or
graded challenge given as one‐quarter, one‐half followed
by full single therapeutic dose with 60 to 75minutes in-
tervals between doses. These dose escalation protocols,
which differ from guidelines, were used as we only
evaluated patients with low‐risk reactions. Smaller
starting doses such as 1% and 10% which are more ap-
propriate for patients with anaphylaxis were hence not
employed. Patients were observed in clinic for 120 to
150minutes after the final dose. Extended DPT with
normal therapeutic doses was performed if the drug was
strongly suspected in the initial delayed‐type reaction.
The duration of extended challenge was not standardized
and could be up to the number of days from initiation of
the antibiotic to the index reaction. We considered DPT
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to be positive only if objective signs were elicited within a
reasonable time frame. SPT/IDT positive patients did not
proceed to DPT but given an option to evaluate for se-
lective β‐lactam hypersensitivity if SPT/IDT was positive
to amino‐penicillins.

Conclusion of drug allergy evaluation included
counseling of patients regarding antibiotic tolerance,
modification of antibiotic allergy labels in patients' re-
cords in the nation‐wide electronic allergy notification
system and a letter to patients' managing physicians
about their changed allergy status. Figure 1 shows how
the patients in our study were evaluated.

We performed a follow‐up evaluation of β‐lactam
antibiotic use in patients who were proven nonallergic.
This was performed by telephone call and/or through
electronic medical records if available. If β‐lactams had
been used, we attempted to determine if any adverse
reaction occurred. If β‐lactams had not been used, we

asked for reasons for nonuse, for example, patients' or
physicians' concerns or absence of indication.

3 | RESULTS

3.1 | Baseline demographics

Table 1 summarizes the characteristics of the 166 patients
included. The median age of our patients was 42 (range,
14‐76) years. There were 96 females (57.8%) and 70 males
(42.2%). The ethnic distribution was as follows:
141 Chinese (84.9%), 10 Malay (6.0%), 5 Indian (3.0%),
4 Caucasian (2.4%), 2 Eurasian (1.2%) patients, and 4
(2.4%) others.

There were 44 patients (26.5%) who had a history of
recurrent infections (eg, urinary tract infections or sinu-
sitis) or conditions which predisposed them to future

FIGURE 1 Flowchart of patients undergoing skin tests and oral provocation tests and outcomes. aOne hundred twenty SPT/IDT,
15 SPT/IDT with delayed reading, eight PT, five SPT/IDT, and PT. bSix IDT amoxicillin‐clavulanic acid only + (including one on delayed
reading); four IDT amoxicillin‐clavulanic acid+ and ampicillin+ (including one on delayed reading); one IDT amoxicillin‐clavulanic
acid+ and penicillin G+; one IDT amoxicillin‐clavulanic acid+ , penicillin G+ , ampicillin+ ; two IDT ampicillin+ (including one on
delayed reading); one IDT penicillin G+; one IDT penicillin G+ and MDM+. cOne hundred thirty seven graded challenges, five
single dose challenges; 19 had extended DPTs (two up to 7 days duration). dIncludes the two patients with positive IDT ampicillin (DPT
penicillin V −ve). Number of tests exceeds number of patients as some patients had tests to multiple β‐lactams. IDT, intradermal test;
MDM, minor determinant mixture; SPT, skin prick test
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infection (eg, bronchiectasis, diabetes mellitus, HIV in-
fection, malignancies, valvular heart disease, or eczema).

3.2 | Allergy labels

The 166 patients in our study had 173 β‐lactam allergy
labels. These were predominantly of the penicillin group

(158 labels, 91.3%) and included 81 (46.8%) penicillin,
75 (43.4%) amoxicillin, or amoxicillin‐clavulanic acid and
2 (1.2%) cloxacillin labels. There were 11 (6.4%) cepha-
lexin allergy labels and 1 (0.6%) label each to ceftriaxone,
cefuroxime, aztreonam, and meropenem. A total of
21 (12.7%) patients had multiple antibiotic allergy labels,
including 15 (9.0%) who also had labels to non‐β‐lactam
antibiotics. A total of 6 (3.6%) patients had allergy labels
to two or more β‐lactams.

3.3 | Reported allergic reactions

Out of the 173 allergy labels, there were 38 (22.0%) re-
ported immediate‐type reactions, 52 (30.1%) delayed‐type
reactions, and 83 (48.0%) were classified as uncertain as
details were not available or not recalled. The following
types of skin lesions were reported: 22 (12.7%) urticaria
only, 46 (26.6%) urticaria with angioedema, 27 (15.6%)
maculopapular exanthema, and 78 (45.1%) rashes of un-
known or uncertain nature.

3.4 | Results of allergy evaluation

The time lapse between reported reaction and allergy label
evaluation was as follows: less than 6months (57 labels,
32.9%), 6 months to 1 year (12, 6.9%), 1 to 3 years (8, 4.6%),
greater than 3 years (93, 53.8%), and unknown (3, 1.7%).
One hundred and forty two patients underwent skin tests
for their 148 β‐lactam allergy labels. Of these 142 patients,
120 (81.1%) underwent SPT/IDT, 15 (10.1%) underwent
SPT/IDT with delayed reading, eight (5.4%) underwent
patch testing, and five (3.4%) underwent both patch testing
and SPT/IDT with delayed reading. There were 16 positive
skin tests: six IDT amoxicillin‐clavulanic acid+ (including
one on delayed reading); four IDT amoxicillin‐clavulanic
acid+ and ampicillin+ (including one on delayed reading);
one IDT amoxicillin‐clavulanic acid+ and penicillin G+;
one IDT amoxicillin‐clavulanic acid+, penicillin G+ and
ampicillin+; two IDT ampicillin+ (including one on de-
layed reading); one IDT penicillin G+; one IDT penicillin
G+ and MDM+. Thirteen immediate type and three
delayed‐type hypersensitivity were diagnosed on SPT/IDT.
None of our PTs were positive.

Eleven patients who had negative skin tests did not
return for DPT and evaluations were considered incon-
clusive. Out of the 115 patients with negative skin tests
who proceeded to DPT, 110 patients tested negative.
Negative predictive value for skin testing was 95.6%.

There were 141 patients who underwent 142 DPT. This
group comprised of 24 patients who proceeded to 25 DPT
directly, including one patient who underwent two DPTs,

TABLE 1 Baseline demographics of patients included in the study

No (%) of
patients, N= 166

Sex

Female 96 (57.8)

Male 70 (42.2)

Median age, range, y 42 (14‐76)

Recurrent infections or predisposing
conditionsa

44 (26.5)

Multiple antibiotic allergy labels 21 (12.7)

More than one β‐lactamb 6 (3.6)

Antibiotic class(es) other than β‐lactams 15 (9.0)

One 12 (7.2)

Two 2 (1.2)

Three 1 (0.6)

β‐Lactam allergy labels 173

Penicillins 158 (91.3)

Penicillin 81 (46.8)

Amoxicillin/amoxicillin‐clavulanic acid 75 (43.4)

Cloxacillin 2 (1.2)

Cephalosporins 13 (7.5)

Cephalexin 11 (6.4)

Ceftriaxone 1 (0.6)

Cefuroxime 1 (0.6)

Aztreonam 1 (0.6)

Meropenem 1 (0.6)

Type of reaction, based on time to onset 173

Immediate, <1 up to 6 h 38 (22.0)

Delayed, >6 h 52 (30.1)

Uncertain 83 (48.0)

Nature of rashc 173

Unknown/nonspecific 78 (45.1)

Urticaria only 22 (12.7)

Urticaria + angioedema 46 (26.6)

Maculopapular exanthema 27 (15.6)

aIncludes recurrent urinary tract infection, recurrent sinusitis, diabetes mellitus,
bronchiectasis, eczema, valvular heart disease, HIV infection, and malignancy.
bIncludes three cases with penicillin and cephalexin, two cases with
cephalexin and amoxicillin‐clavulanic acid, one case with penicillin,
ceftriaxone and meropenem labels.
cIncludes cases of anaphylaxis are not evaluated in our clinic.
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115 patients who had negative skin tests and two patients
with positive IDT on delayed reading to aminopenicillins
who tolerated DPT to penicillin V. Five (3.5%) DPT were
performed as a single therapeutic dose challenge while
137 (96.5%) were graded challenges. Details of six patients
who had positive DPT are shown in Table 2. Nineteen
patients (13.4%) underwent extended DPT lasting 2 to
7 days without reaction.

In summary, we proved that 133 patients were not
allergic to β‐lactams, which constituted 85.8% of the
155 patients who were conclusively evaluated. Twenty‐two
(13.3%) patients had confirmed allergy to β‐lactams −16
had immediate hypersensitivity (13 SPT/IDT+, three
DPT+) and six had delayed hypersensitivity (three SPT/IDT
with delayed reading+, three DPT+). Two patients with
delayed hypersensitivity were tolerant of β‐lactams other
than amino‐penicillins. Eleven (6.6%) patients did not
complete their evaluation. Negative predictive value of skin
testing was 95.9%. Reactivity of skin tests did not seem to
be related to time lapsed since initial reaction. Out of
16 positive skin tests, 10 (seven immediate reactions and
three IDT with delayed reading) were performed within
12 months of initial reaction, while six (all immediate
reactions) after 3 years had passed.

3.5 | Safety

None of the reactions were life‐threatening nor severe
requiring admission or subcutaneous adrenaline.

Three positive reactions to DPT occurred after or at the
end of the period of clinic observation. One patient who
reported mild urticaria as initial reaction declined skin
tests and underwent amoxicillin DPT directly. He devel-
oped mild urticaria within 2 hours of starting DPT at a
cumulative dose of 750mg amoxicillin. Rescue treatment
with cetirizine 10mg was given with good response.

Two patients labeled allergic to cephalexin, who had
negative SPT to cephalexin and negative SPT/IDT to pe-
nicillins, developed generalized urticaria within 2.5 and
5 hours respectively after starting graded DPT. The first
patient reacted after a cumulative dose of 375mg, while
the second patient reacted after a cumulative dose of
875mg. Both patients remained hemodynamically stable.
One patient required intramuscular diphenhydramine
and systemic steroids and further observation in the
emergency department.

One patient who reported a vague initial reaction
with possible lip swelling after taking amoxicillin‐
clavulanic acid underwent evaluation as for immediate
reaction with SPT/IDT and subsequent DPT, but was
eventually diagnosed with amoxicillin‐clavulanic acid‐
induced FDE after reproduction of the rash with DPT.T
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3.6 | β‐Lactam use after allergy
evaluation

Out of 135 patients who had β‐lactam allergy label
modification, 45 (33.3%) were not contactable and had no
record of re‐exposure according to available records in
public medical institutions. Thirty (22.2%) patients had
taken a β‐lactam antibiotic in the posttesting period, with
only one developing a reportedly “mild” reaction.
Fifty‐two patients had not used a β‐lactam. Thirty‐five
(25.9%) patients had no indication, while 17 (12.6%)
avoided β‐lactam due to concerns of allergy (two on the
part of the attending physician, 12 of the patient, and
three of both the patient and physician).

4 | DISCUSSION

Inappropriate allergy labels result in increased healthcare
costs and adverse events.16,17 Our results show that more
than 85% of penicillin allergy labels in our patient group
were incorrect. This finding is consistent with those of
other reports2,5 and supports the need for allergy eva-
luation services in our healthcare system.

Skin testing in our population had high NPV of 95.9%
which is consistent with reported literature18,19 and re-
assuring for patients who are afraid to proceed to direct
DPT. Fourteen (87.5%) out of 16 positive skin reactions
were to aminopenicillins. MDM testing was positive in
only one patient, who also had a positive reaction to
penicillin G. None of our patients tested positive to PPL.
These results may demonstrate the decreasing im-
portance of PPL and MDM testing, reflecting the domi-
nant use of aminopenicillins and cephalosporins in
current clinical practice. Bourke et al similarly reported
that the use of PPL and MDM did not improve NPV in
skin testing20 and further studies are needed to evaluate
this. In our cohort, these findings may be due to patient
selection as the usefulness of minor determinant testing
has been shown in more severe anaphylaxis cases.21

Twelve positive skin test reactions were to aminopeni-
cillins only but testing of tolerance of other β‐lactams was
done in only two of our patients. Improved under-
standing of side‐chain allergy should reassure patients
and allergists in further evaluation of β‐lactams with
different side chains if required.

Skin testing for cephalosporin allergy is not as well‐
standardized as for penicillins and may pose specific
difficulties. In our two cephalexin‐allergic patients, the
lack of an intravenous form of cephalexin for IDT and the
direct course to DPT after SPT resulted in the most severe
reaction in our study population. Skin testing with
amino‐penicillins with similar side chains did not seem

to be useful in our evaluation of cephalexin allergy. We
recommend strict adherence to guidelines recommend-
ing lower starting doses of 10% (1%, if required) of full
therapeutic dose in such situations.15,22

We observed that positive reactions to DPT may occur
several hours into the test procedure. This demonstrates
the need for long observation periods which may also be
reassuring for patients. Clear instructions need to be gi-
ven to patients after completion of DPT doses and aller-
gist should verify nonreaction several days after DPT
before removal of allergy labels.

We experienced no safety issues in our population as
we excluded high‐risk cases. However, the lack of reliable
history of the initial reaction remains a problem as seen
from four out of six of positive DPTs. FDE, in particular,
may be mistaken for angioedema if perioral area is in-
volved and post‐inflammatory hyperpigmentation is not
obvious, resulting in the wrong choice of skin test for
evaluation as skin testing for FDE is only reactive in le-
sional skin. The limited clinical utility of patients' history
in predicting skin test reactivity has been previously
reported.23,24

Eleven patients who underwent skin tests did not
complete their evaluation by following up with DPT. This
is a wasteful consumption of resources and patients need
to be counseled that while skin testing has its value, DPT
remains the conclusive step. It has been suggested that
direct DPT should be considered in carefully selected
patients in appropriate clinical settings.25‐27

Many patients did not take β‐lactams despite negative
tests often due to continued perceived intolerance. This
lowers the effectiveness of allergy label modification
which has also been reported in other studies.11,20 There
is a need for patient and clinician education as well as
systemic measures (eg, electronic allergy record mod-
ification) to facilitate β‐lactam use in proven‐tolerant
patients.25 Improvements in electronic allergy records
systems should also keep pace with developments in
understanding of side‐chain allergy and allow doc-
umentation of tolerated β‐lactams.

Our study is limited in some ways. We did not spe-
cifically collect data for in vitro tests in this study but we
did not have positive results for IgE to penicilloyl G,
penicilloly V, amoxicillin, or ampicillin during this period
of time. The retrospective nature of the study may result
in incomplete data but all patients were reviewed and
had careful documentation performed by dermatologists
(YKH and YLL) with expertise in drug hypersensitivity
testing. Our follow‐up survey of β‐lactam use after testing
was limited as not all patients were contactable but we
were nevertheless able to recognize that patients
and physicians feared re‐exposure to β‐lactams despite
negative testing, a finding similar to other studies.11,20
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Our small sample size and retrospective study design
limited the analysis of factors which may have predicted
positive test reactions.

5 | CONCLUSION

We confirmed that β‐lactam allergy evaluation and dela-
beling is safe in carefully selected cases and the proportion
of patients who have true allergic reaction is low. There
remains a need for faster diagnostic methods to evaluate
β‐lactam allergy. Skin tests are of value in cases with
moderate risk or of uncertain reaction but direct DPT may
be considered in low‐risk cases. Starting doses in DPT
should be low to minimize severe reactions, especially in
unknown or severe reactions. Allergy label removal must
be accompanied by patient education and adequate doc-
umentation to facilitate future use. More studies are nee-
ded to understand factors from patients' and physicians'
perspectives which may impede allergy delabeling efforts.

CONFLICT OF INTERESTS
The authors declare that there are no conflict of interests.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are
available from the corresponding author upon reasonable
request.

ETHICS STATEMENT
This study was performed as an audit of clinical practices
approved by National Skin Centre, Singapore.

ORCID
Yee Kiat Heng https://orcid.org/0000-0003-2219-7169
Yasmin Chia Chia Liew https://orcid.org/0000-0001-
6009-3446
Yan Ling Kong https://orcid.org/0000-0002-4402-1407
Yen Loo Lim https://orcid.org/0000-0002-1439-4106

REFERENCES
1. Baggs J, Fridkin SK, Pollack LA, Srinivasan A, Jernigan JA.

Estimating national trends in inpatient antibiotic use among
US hospitals from 2006 to 2012. JAMA Intern Med. 2016 Nov 1;
176(11):1639‐1648.

2. Macy E, Ho NJ. Multiple drug intolerance syndrome: pre-
valence, clinical characteristics, and management. Ann Allergy
Asthma Immunol. 2012;108:88‐93.

3. Zhou L, Dhopeshwarkar N, Blumenthal KG, et al. Drug aller-
gies documented in electronic health records of a large
healthcare system. Allergy. 2016;71:1305‐1313.

4. Gomes E, Cardoso MF, Praca F, Gomes L, Marino E, Demoly P.
Self‐reported drug allergy in a general adult Portuguese popu-
lation. Clin Exp Allergy. 2004;34:1597‐1601.

5. Sacco KA, Bates A, Brigham TJ, Imam JS, Burton MC. Clinical
outcomes following inpatient penicillin allergy testing: a sys-
tematic review and meta‐analysis. Allergy. 2017;72:1288‐1296.

6. Sousa‐Pinto B, Cardoso‐Fernandes A, Araújo L, Fonseca JA,
Freitas A, Delgado L. Clinical and economic burden of hospi-
talizations with registration of penicillin allergy. Ann Allergy
Asthma Immunol. 2018;120:190‐194.

7. Mayr FB, Yende S, Angus DC. Epidemiology of severe sepsis.
Virulence. 2014;5:4‐11.

8. Jones BM, Bland CM. Penicillin skin testing as an anti-
microbial stewardship initiative. Am J Health Syst Pharm. 2017
Feb 15;74(4):232‐237.

9. Trubiano J, Phillips E. Antimicrobial stewardship's new
weapon? A review of antibiotic allergy and pathways to 'de‐
labeling'. Curr Opin Infect Dis. 2013;26:526‐537.

10. Barni S, Mori F, Valleriani C, et al. Anaphylaxis to the amox-
icillin skin prick test: utility of the basophil activation test in
diagnosis. Ann Allergy Asthma Immunol. 2016;116:259‐260.

11. Rimawi RH, Shah KB, Cook PP. Risk of redocumenting peni-
cillin allergy in a cohort of patients with negative penicillin
skin tests. J Hosp Med. 2013 Nov;8(11):615‐618.

12. Wanat M, Anthierens S, Butler CC, et al. Patient and primary
care physician perceptions of penicillin allergy testing and
subsequent use of penicillin‐containing antibiotics: a qualita-
tive study. Allergy Clin Immunol Pract. 2019;7:1888‐1893.

13. Barbaud A, Goncalo M, Bruynzeel D, Bircher A. Guidelines for
performing skin tests with drugs in the investigation of cuta-
neous adverse drug reactions. Contact Dermatitis. 2001;45:
321‐328.

14. Brockow K, Romano A, Blanca M, Ring J, Pichler W, Demoly P.
General considerations for skin test procedures in the diagnosis
of drug hypersensitivity. Allergy. 2002;57:45‐51.

15. Aberer W, Bircher A, Romano A, et al. Drug provocation
testing in the diagnosis of drug hypersensitivity reactions:
general considerations. Allergy. 2003;58:854‐863.

16. Mattingly TJ II, Fulton A, Lumish RA, et al. The cost of self‐
reported penicillin allergy: a systematic review. J Allergy Clin
Immunol Pract. 2018;6:1649‐1654.

17. MacFadden DR, LaDelfa A, Leen J, et al. Impact of reported
beta‐lactam allergy on inpatient outcomes: a multicenter pro-
spective cohort study. Clin Infect Dis. 2016;63:904‐910.

18. Macy E, Ngor EW. Safely diagnosing clinically significant
penicillin allergy using only penicilloyl‐poly‐lysine, penicillin,
and oral amoxicillin. J Allergy Clin Immunol Pract. 2013;1:
258‐263.

19. Fox S, Park MA. Penicillin skin testing in the evaluation and
management of penicillin allergy. Ann Allergy Asthma
Immunol. 2011 Jan;106:1‐7.

20. Bourke J, Pavlos R, James I, Phillips E. Improving the effec-
tiveness of penicillin allergy de‐labeling. J Allergy Clin
Immunol Pract. 2015;3:365‐34.

21. Adkinson NF Jr, Mendelson LM, Ressler C, Keogh JC. Penicillin
minor determinants: history and relevance for current diagnosis.
Ann Allergy Asthma Immunol. 2018 Nov;121(5):537‐544.

22. Brockow K, Przybilla B, Aberer W, et al. Guideline for the
diagnosis of drug hypersensitivity reactions: S2K‐Guideline of
the German Society for Allergology and Clinical Immunology
(DGAKI) and the German Dermatological Society (DDG) in
collaboration with the Association of German Allergologists

378 | KIAT ET AL.

https://orcid.org/0000-0003-2219-7169
https://orcid.org/0000-0001-6009-3446
https://orcid.org/0000-0001-6009-3446
https://orcid.org/0000-0002-4402-1407
https://orcid.org/0000-0002-1439-4106


(AeDA), the German Society for Pediatric Allergology and
Environmental Medicine (GPA), the German Contact Dermati-
tis Research Group (DKG), the Swiss Society for Allergy and
Immunology (SGAI), the Austrian Society for Allergology
and Immunology (ÖGAI), the German Academy of Allergology
and Environmental Medicine (DAAU), the German Center for
Documentation of Severe Skin Reactions and the German Fed-
eral Institute for Drugs and Medical Products (BfArM). Allergo
J Int. 2015;24(3):94‐105.

23. Solensky R, Earl HS, Gruchalla RS. Penicillin allergy: pre-
valence of vague history in skin test‐positive patients. Ann
Allergy Asthma Immunol. 2000;85:195‐199.

24. Wong BB, Keith PK, Waserman S. Clinical history as a pre-
dictor of penicillin skin test outcome. Ann Allergy Asthma
Immunol. 2006;97:169‐174.

25. Shenoy ES, Macy E, Rowe T, Blumenthal KG. Evaluation and
management of penicillin allergy: a review. JAMA. 2019;321:
188‐199.

26. Tucker MH, Lomas CM, Ramchandar N, Waldram JD.
Amoxicillin challenge without penicillin skin testing in eva-
luation of penicillin allergy in a cohort of Marine recruits.
J Allergy Clin Immunol. 2017;5:813‐815.

27. Vezir E, Dibek Misirlioglu E, Civelek E, et al. Direct oral pro-
vocation tests in non‐immediate mild cutaneous reactions re-
lated to beta‐lactam antibiotics. Pediatr Allergy Immunol. 2016;
27:50‐54.

How to cite this article: Heng YK, Liew YCC,
Kong YL, Lim YL. β‐Lactam allergy testing and
delabeling—Experiences and lessons from
Singapore. Immun Inflamm Dis. 2020;8:371–379.
https://doi.org/10.1002/iid3.318

KIAT ET AL. | 379

https://doi.org/10.1002/iid3.318



