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Abstract

Introduction

Patients with a penicillin allergy label (PAL) use more and broader-spectrum antibiot-
ics, have worse health outcomes and cost more to treat than patients without a PAL.
A significant proportion of penicillin allergy labels are incorrect; here we review the
published evidence on the costs, health-related quality of life, and cost-effectiveness
of penicillin allergy testing.

Methods

We conducted a systematic review of published economic evaluations of penicil-

lin allergy testing in accordance with Cochrane guidelines. We searched Medline,
Embase, Scopus, Web of Science, EconPapers (RePeC) and the International HTA
Database (INAHTA) and included reports of full or partial economic evaluations of
costs and/or health benefits of penicillin allergy testing strategies. The outcomes of
interest were healthcare resource use, medical costs, and health-related quality of life
for patients with a penicillin allergy label and for patients with the label removed, and
cost-effectiveness. We evaluated the methodological quality of the studies using a
published checklist designed for systematic reviews. The review followed a narrative
synthesis.

PLOS One | https://doi.org/10.1371/journal.pone.0337131

December 19, 2025 1719



http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0337131&domain=pdf&date_stamp=2025-12-19
https://doi.org/10.1371/journal.pone.0337131
https://doi.org/10.1371/journal.pone.0337131
https://doi.org/10.1371/journal.pone.0337131
https://doi.org/10.1371/journal.pone.0337131
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-7430-2744
https://orcid.org/0000-0002-5841-2804
https://orcid.org/0000-0003-0193-8677
mailto:R.E.Mujica-Mota@exeter.ac.uk

PLO\Sﬁ\\.- One

and reproduction in any medium, provided the
original author and source are credited.

Data availability statement: The detail data
extracted from the studies included in the
review are now included in Supplementary File
4, and Tables S1-S4.

Funding: This work was part of the ALABAMA
project funded by the UK National Institute of
Health Research Programme Grants for Applied
Research (RP-PG-1214-20007), which sought
to conduct a randomised controlled trial and
cost-effectiveness analysis of testing for pen-
icillin allergy. The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing interests: The authors have
declared that no competing interests exist.

Results

Thirty-six studies met the inclusion criteria. Most studies analysed the effect of testing
on the costs of antibiotic use among patients admitted to hospital with a PAL. Studies
measured costs of testing (n=19); antibiotic medication use (n=23); adverse reactions
with penicillin use (n=4), alternative antibiotic drugs (n=3); length of hospital stay
(n=5); subsequent health care use episodes (n=4); and antibiotic medication use in
subsequent care episodes (n=3). The median cost of skin testing plus oral challenge
across six primary costing studies was USD 246 (range: 164, 514), which contrasts
with the USD 42-258 range of antibiotic cost savings during the initial hospital admis-
sion. Two studies presented evidence that penicillin allergy testing is cost-saving in
an outpatient setting over 3.5-4.5 years. One model-based study reported that testing
in inpatient settings is cost-saving. No reports on the effect of penicillin allergy testing
on health-related quality of life were found and the two cost-effectiveness studies that
accounted for this outcome employed the opinion of healthcare professional or an
assumption of a common generic value for adverse reactions.

Conclusions

While penicillin allergy testing shows promise in reducing antibiotic costs, the evi-
dence remains insufficient to definitively establish whether these savings consistently
outweigh testing costs across various healthcare settings.

Introduction

Penicillin and other beta-lactam antibiotics are the most frequent cause of medication
induced anaphylaxis [1-3] and 6% of people in England have a record of penicillin
allergy [4]. However, at least 9 out of 10 people who believe they are penicillin-allergic
are found not to be when tested, and so could safely take penicillins [5,6]. These
patients may be receiving less effective antibiotic treatments with additional long-term
health risks. Penicillin-allergy records (or label) drive prescribing towards alternative
broad-spectrum antimicrobials that contribute to increased antimicrobial resistance
(AMR) and may result in poorer patient outcomes. Research has found that macrolide,
tetracycline, cephalosporin and quinolone prescribing were all more common in patients
with a record of penicillin allergy, compared to those without, and that antimicrobial pre-
scriptions were almost twice as frequent in patients with a penicillin allergy label [4,7].
Antibiotic allergies, including penicillin allergy, have been associated with sub-
optimal antibiotic therapy, increased antimicrobial resistance, increased length of
stay, increased antibiotic-related adverse effects such as Clostridioides difficile
infection, intensive care unit (ICU) admission, death, as well as increased treatment
cost [8]. Antibiotic regimens deviate from the standard of care in approximately 40%
of patients who report a penicillin allergy [9,10]. The costs of the consequences
of sub-optimal antibiotic therapy due to reported penicillin allergy are likely signif-
icant, reaching far beyond the actual differences in antibiotic costs [11]. Given the
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significant proportion of incorrect penicillin allergy labels and their impact on healthcare costs and outcomes, it is critical to
evaluate the economic implications of penicillin allergy testing.

The standard assessment for penicillin allergy involves skin testing followed by intradermal tests and oral drug provoca-
tion testing (oral challenge test). Several recent studies have reported safe and effective testing for low-risk penicillin allergy
labels using a direct oral challenge in children and increasingly in adults [12—15]. Due to the prevalence of penicillin allergy
labels and the limited capacity of existing specialist allergy clinics, there is increasing interest in expanding access to peni-
cillin allergy testing through provision of non-allergy specialist delivered testing for low-risk patients. Evidence on the costs
and benefits of different models of penicillin allergy testing services that helps inform policy decisions and service design and
planning is limited, as existing reviews have looked at the associated costs of penicillin allergy labels rather than assess-
ments of testing models and predate the advent of penicillin allergy testing models for low risk patients by non-allergists [16].

The aim of this study was to review the published evidence on the cost-effectiveness of penicillin allergy testing and
impact on healthcare costs and health-related quality of life associated with removing a penicillin allergy label. This
evidence is intended to inform sustainable service delivery models for increasing access to penicillin allergy testing and
de-labelling of non-allergic patients.

Methods

This systematic review was conducted according to the Cochrane guidelines [17], and is reported in line with PRISMA
2020 [18] (S1 File). The review protocol is registered in PROSPERO (CRD42021231848).

Search strategy

The searches were designed and run by an information specialist in November 2020, then rerun in full on 14" November
2023 in Medline, Embase, Scopus, Web of Science, EconPapers (RePeC) and the International HTA Database (INAHTA).
Text words and database subject headings were used for two search concepts, penicillin allergy and economic evalu-
ations. The searches were not limited by date or language and were peer-reviewed by a second information specialist
using the PRESS checklist [19]. See S2 File for full details of the search strategies.

Eligibility criteria
We included all studies that had: i) patients with a recorded or self-reported penicillin allergy label; ii) used a test to delabel
the penicillin allergy; iii) contained one or more comparator groups; iv) measured both costs and health outcomes (full
economic evaluation) or either costs or quality of life outcomes (partial economic evaluation). Only peer-reviewed publica-
tions written in English were included.

We excluded studies that did not perform a penicillin allergy test, conference abstracts, short notes, comments, editori-
als and study protocols. Reviews that did not synthesise new cost effectiveness estimates were excluded; however, their
reference lists were screened for additional records.

Outcomes

The outcomes of interest were healthcare resource use, medical costs, and health-related quality of life for patients with a
penicillin allergy label and for patients with the label removed. In addition, reports on cost-effectiveness of interventions for
safely de-labelling individuals with an incorrect penicillin allergy label were reviewed.

Study selection

Two reviewers independently screened the title and abstract of each record using Rayyan software [20]. Full texts of
potentially relevant records were then reviewed against the eligibility criteria for study inclusion. Disagreements were
resolved by discussion with a third reviewer.
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Data extraction

Study characteristics were extracted from each included study, including publication details, the type of study conducted,
the population included in the study, the intervention and comparators. Any results reported on health outcomes and cost
measures, total or incremental costs were also extracted. Data was independently extracted by two reviewers, any dis-
crepancies were resolved by a third reviewer.

Quality and risk of bias assessment

In a slight deviation from the protocol, we evaluated the methodological quality of the included economic evaluations using
a published checklist designed for systematic reviews [21] instead of the CHEERS statement [22], which is a reporting
checklist as opposed to a quality assessment tool. Each study was appraised independently by two reviewers, with con-
flicts resolved by discussion. In addition, the ROBINS-I tool was used to assess risk of bias for each healthcare cost and
health outcome reported in observational studies [23].

Data synthesis

The narrative synthesis was structured according to study setting (primary or community, hospital outpatient and inpa-
tient, other), study design (prospective, retrospective or model based), and study type (costing study, cost of iliness, cost
comparison/minimisation analysis, cost effectiveness analysis). We also recorded whether the study was 1) a cohort study
with concurrent or retrospective controls, 2) a before-and-after study of provider organisation policy change or implemen-
tation, or 3) an individual counterfactual analysis of case series.

The analysis was based on data as reported in the original publications, except when sufficient data were reported to
calculate statistics for unreported outcomes of interest, e.g., mean cost differences on a per patient basis. Only complete
case analysis was conducted; i.e., no attempt was made to impute or otherwise adjust for missing data.

Cost estimates were presented in 2024 USD, using the latest purchasing power parities [24] and the US consumer
price index [25,26] for converting original published figures reported in different years and currencies.

Intervention effect on healthcare cost estimates from primary data reported by more than one independent study were
converted to percentage change units and summarised in terms of minimum, median and maximum mean reported values
across studies. Effect estimates for health-related quality of life and health outcomes from multiple independent primary
studies were summarised in their original units using the same statistics.

Results
Identified records and included studies

The search produced 2,117 records, with 1,312 unique records after de-duplication. Screening the title and abstracts led
to the exclusion of 1,227 records, with 79 records included for full-text screening. This yielded 35 unique articles reporting
on 36 studies (unlike the rest of the articles, which reported one economic evaluation study each, one published article
reported two economic evaluation studies) meeting the final inclusion criteria. Four review articles were identified [27-30];
we hand searched the references lists of these reviews but no additional articles were identified (Fig 1; see S3 File for list
of articles excluded at the full-text screening stage with reasons for exclusion).

Of the 36 included studies, 28 were observational studies and 8 were model-based evaluations. The majority of the
observational studies were cost impact analyses of two or more testing strategies (n=17), followed by studies limited to
measuring the costs of testing (n=6), and cost of therapy (‘cost of iliness’) studies (n=5 studies). Four of the modelling
studies were cost-effectiveness studies comparing costs and health outcomes of two or more testing strategies, with the
remaining four comparing only costs. The descriptive summary characteristics of observational studies are presented in
Table 1 and those of modelling studies in Table 2, and their reported cost measures in S1 Table.
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Fig 1. Study selection.
https://doi.org/10.1371/journal.pone.0337131.9001

Study quality

The median score across the 36 studies was 9 (range: 3—14) out of 19 items (Table 3). Whilst most studies clearly
described the population, the testing strategies under comparison and their study question, 50% (n=18) of studies
adopted a time horizon that was too limited to capture relevant costs and health outcomes to their study question (e.g.,
until discharge for studies of inpatients or until initial antibiotic course was complete). Only 1% (n=4) and 44% (n=16) of
studies adequately measured health outcomes and costs respectively (e.g., average antibiotic costs per day of regimen
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Table 3. Study Quality: CHEC checklist (Evers et al. date).

Item % studies (N=36)
meeting the item criteria
1. Is the study population clearly described? 100
2. Are competing alternatives clearly described? 89
3. Is a well-defined research question posed in answerable form? 97
4. |s the economic study design appropriate to the stated objective? 72
5. Is the chosen time horizon appropriate in order to include relevant costs and consequences? 50
6. Is the actual perspective chosen appropriate? 69
7. Are all important and relevant costs for each alternative identified? 44
8. Are all costs measured appropriately in physical units? 39
9. Are costs valued appropriately? 58
10. Are all important and relevant outcomes for each alternative identified? 1
11. Are all outcomes measured appropriately? 8
12. Are outcomes valued appropriately? 0
13. Is an incremental analysis of costs and outcomes of alternatives performed? 67
14. Are all future costs and outcomes discounted appropriately? 19
15. Are all important variables, whose values are uncertain, appropriately subjected to sensitivity analysis? 25
16. Do the conclusions follow from the data reported? 75
17. Does the study discuss the generalizability of the results to other settings and patient/client groups? 64
18. Does the article indicate that there is no potential conflict of interest of study researcher(s) and funder(s)? 39
19. Are ethical and distributional issues discussed appropriately? 3

https://doi.org/10.1371/journal.pone.0337131.t003

were reported as opposed to average per patient costs over a defined follow-up length), and 67% (n=24) clearly pre-
sented an analysis of costs and/or benefit differences. In 75% (n=27) of studies, no sensitivity analyses of assumptions
used in measuring or analysing costs or benefits were presented, and 36% (n=13) of studies did not discuss the gen-
eralisability of their findings beyond their local study setting. Almost two-thirds of studies reported conflicts of interest or
presented no information on whether such conflict existed (Table 3).

Costs measured in the studies

Costs of evaluating Beta-lactam allergy. Nine studies reported on the costs of testing, of which six evaluated skin

cost of ST with oral challenge at an outpatient allergy clinic was USD 246 (range: 164, 514), whilst DPC in an outpatient
allergy clinic was USD149 (range: 71, 253; S4 File). A prospective study in children reported that the cost of DPC
delivered by a nurse and supervised by a consultant amounted to USD 800 [31]. A second report of DPC delivered by
non-allergy specialists reported costs of USD 172 for low-risk patients tested by trained nursing, pharmacy or medical staff
in Australia [41] (Table 4; S4 Table).

Three studies investigated patient travel and work absenteeism costs associated with seeking and receiving testing, the
costs of which were as large as those of testing itself to the health system [38,39,41]. Two of these studies also reported
variation in costs according to test result, which was negligible. They also reported a cost comparison between patients
with immediate and patients with delayed reactions, with the latter being 50% larger than the former in adults [39] and
negligible in children [38].

Low-risk penicillin allergy de-labelling in an inpatient setting was found to cost less than attending an outpatient clinic
following discharge from hospital, whether only the direct healthcare costs or also patient and carer travel costs were
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Table 4. Direct cost of PAL testing.

Testing strategy Number of | Cost per patient (USD¥) Comments and sources
studies Median of Minimum of | Maximum of
study means | study means | study means
Skin Test (outpatient) 1 190.57 190.57 190.57 Trained nurse, pharmacist or medical staff [41]; skin prick and
intradermal testing
Sink Test (inpatient) 1 453.20 453.20 453.20 Nurse, pharmacist or medical staff [41]; skin prick and intrader-
mal testing
Skin test plus oral 6 245.78 164.32 514.38 Allergist [32,34,38,39,41,54]; one was a retrospective study [34];
challenge skin prick test+IDT, with one exception that did not use IDT [33]2
(outpatient)
Skin test plus oral 1 287.02 287.02 287.02 Pharmacist [42](skin prick test without IDT)
challenge
(inpatient)
Oral Challenge (non- 2 485.91 171.57 800.25 Outpatient. Trained nurse, pharmacist or medical staff [41];
allergy specialists) consultant-supervised nurse [31] ®
Oral Challenge (allergist) | 4 148.77 70.57 252.73 Outpatient [32,34,35,54]; two retrospective [34,35] ¢

*At year 2024 prices. 2No study reported measure of sampling uncertainty °No study reported measure of sampling uncertainty. °No study reported mea-
sure of sampling uncertainty. IDT: Intradermal test.

https://doi.org/10.1371/journal.pone.0337131.t004

included in the analysis [41]. This was due to the high proportion of patients missing their de-labelling appointments
(11%) and having separate visits for assessment and testing (17%) in the outpatient setting, whereas inpatients had
their allergy assessment, testing and communication of results within the index admission without needing further clinical
appointments.

Costs of antibiotic medication use. Antibiotic costs were the most commonly investigated outcome (reported in 19
of the included studies), with all studies documenting cost savings [7,33,36,40-47,49-56]. The ability to compare their
outcomes is low as studies varied widely in their methodology. In cohort studies of the index admission with concurrent
or historical controls [41,42,52], the median reduction of antibiotic costs associated with testing was 57% (range: 53,66),
and 52% (range 20,66) when extending the study set to include uncontrolled cohort studies [43,46] (Table 5; S4 File). Per
patient antibiotic cost savings in these studies, excluding the study in aztreonam users [42], ranged between USD 42-258
(S3 Table).

In contrast, uncontrolled studies of ‘potential impact’ compared the observed antibiotic costs in a group of inpatients
undergoing penicillin allergy testing with the counterfactual costs that would have been observed if those patients had not
had their PAL tested [7,51,55,56]. The median reported projected reduction in antibiotic costs with skin testing plus oral
challenge in the inpatient setting [7,51,55] was 57% (range: 29, 83).

Three studies [36,40,43] reported the effects on costs of antibiotic use in the community over a 1-year period after
testing, resulting in a median reduction of 52% (range 42,66). One study reported antibiotic cost savings per patient of
USD 22 associated with removing a PAL in 81 low-risk children attending the emergency department [40]. A second
study compared the total number of antibiotic courses in the year before with the year after intervention in 250 patients
at the imputed cost of the preferred prescribed antibiotic, which resulted in an antibiotic cost per day per patient that was
2.5 times greater in confirmed penicillin allergic patients than de-labelled patients [43]. A third study in 236 patient who
obtained a prescription medication from a health plan pharmacy reported USD 48 in cost savings [36].

Costs of healthcare resource utilisation. Four studies measured the impact of penicillin allergy de-labelling on
hospital length of stay (LOS), three were limited to initial admission LOS [33,41,53] and one looked at LOS for admissions
up to 6 months after testing [52]; two of these reported sufficient information to estimate the effect on costs [41,52]. Adult
inpatients with a type B penicillin allergy diagnosis requiring penicillin antibiotic treatment who were tested with DPC
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Table 5. Effect on healthcare costs of PAL testing (USD).

Healthcare | Number | % reduction in cost per patient Risk of Comments and sources
resource | of studies | yedian of | Minimum | Maximum | bias®
study mean | study study
differences | mean mean

Antibiotic 5 53 20 66 Moderate- | Median is clinical support tool intervention promoting PADL by pharmacist

use -initial Severe [42]; minimum is from study of Guideline intervention study for PST per-

therapy formed by allergist [46]; maximum is from a study of inpatients until hos-
pital discharge [52]; other are prospective study of inpatients until hospital
discharge [41] and study of inpatients whose result was not reported but
derived from reported median LOS times drug related costs per inpatient
in each arm [43]

Hospital 2 35 23 47 Moderate | Median: mid-point value of minimum and maximum. Minimum is from

LOS (Initial study report that DPC or SPT+OC reduced LOS by 23% among adult

hospital patients admitted with a diagnosis of type B Penicillin allergy that required

admission) penicillin-containing antibiotics (p<0.05 [52]); maximum is from study
report that DPC among low risk admitted adults reduced such costs by
47% (p=0.002 [41]).

Antibi- 3 52 42 66 Severe Median: estimate from an outpatient cohort over a 1 year follow up period

otic use (20% loss to follow-up) after testing including fixed pharmacy dispensing

(Community) costs [36]; minimum is from a 1 year follow-up study in children [40];
Maximum is from admitted adult patients with a PAL over 1 year follow-up;
derived from published study data on cost per day of regimen and number
of regimens and assumption of 5-day regimen duration [43].

2aROBINS-I tool V2 [23]. PAL: Penicillin allergy label. SPT: Skin prick test. DPC: Direct penicillin challenge. OC: Oral challenge. PADL: Penicillin allergy
delabelling.

https://doi.org/10.1371/journal.pone.0337131.t005

or ST+OC had a reduced LOS (23%, p<0.05) [52], whilst the costs of admission (emergency department and acute
including antibiotics) were reduced by 47% (p=0.002) among admitted adults who were low-risk and had a DPC [41]. The
respective cost savings of these studies were USD 4602 and 8012 (95% CI: 13,050-2975; S4 Table). One of the studies
that presented no cost data found no statistically detectable differences in LOS during index hospitalisation nor in length
of ICU stay [53].

In a retrospective study of insurance claim records, individuals with a penicillin allergy history attending an outpatient
allergy consultation for skin testing plus an oral challenge were subsequently observed to experience 0.55 fewer days
in hospital and 0.09 fewer outpatient visits than matched controls annually over 3.6 years [37]. In an economic model
of outpatient penicillin allergy testing [63], downstream cost savings offset testing costs, and were driven by an effect of
de-labelling of 3.05 (95% CI: 2.3, 3.8) fewer annual primary care visits over 4.5 years. This value was obtained from a
published estimate of the excess number of primary care visits in an observational study of a group of patients with a PAL
relative to matched controls without a PAL [65]. The estimated minimum de-labelling rate for skin testing with oral chal-
lenge to be cost-saving was 30-60% for inpatient and 10-50% for outpatient testing settings, and larger than for DPC
(15-30% and 5-30%, respectively [63]).

Two publications [46,54] (three evaluated service models) reported the costs of PAL testing and antibiotic costs but
lacked a control or comparable group and were based on hypothetical savings, resulting in a median net costs of USD 39
(range, -39, 167). One matched controlled study [37] reported sufficient data to calculate the costs of testing for PAL and
healthcare use over a 3.6 follow-up period after testing, resulting in cost savings of USD 8,811 (Table 6).

Health outcomes. Two studies reported health outcomes [52,53]. In a retrospective study of adults undergoing
inpatient hematopoietic stem cell transplantation in a single centre, no detectable difference in 90-day post-transplant
incidence of Clostridioides difficile nor mortality was observed (11% before and 7% after, p=0.34, in both outcomes) after
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Table 6. Cost difference in PAL testing and antibiotics costs between testing and not testing for PAL.

Healthcare Number | Cost difference (USD)? Risk of Comments and sources
resource of studies | \edijan of study | Minimum | Maximum | bPias®
mean cost
differences
Penicillin Tests & 2 31.83 -39.25 167.27 Critical Median: net costs reported by study of OC test performed by
Ab use (index hos- (SD 34.88) allergist [54]; Minimum: Guideline intervention study for PST
pital admisison) performed by allergist [46]; Maximum: SPT by allergist in
outpatient setting [54]
Penicillin test & OP | 1 -59.36 -59.36 -59.36 Moderate | Outpatient and a few inpatient tests, over 3.6 years
follow-up, P<0.001 [37]
Penicillin test & OP | 1 -808.06 -808.06 -808.06 Moderate | Outpatient and a few inpatient tests, over 3.6 years follow-up
& ED [37]
Penicillin test & OP | 1 -8811.03 -8811.03 -8811.03 | Moderate | Outpatient and a few inpatient tests, over 3.6 years follow-up
& ED & inpatient [37]
days

2At US prices of 2024. PROBINS-I tool V2 [23]. PAL: Penicillin allergy label. SD Standard deviation. Ab: Antibiotic. SPT: Skin prick test.

https://doi.org/10.1371/journal.pone.0337131.t006

mandatory implementation of ST+ OC [53](Risk of bias: Severe, before-cohort vs after-cohort study without concurrent
control). In a prospective case series study of 70 ST+ OC tested adult inpatients requiring penicillin, their rate of 6-month
hospital readmission was 43% versus 61% in matched controls (p <0.05), and the rate of newly acquired multi-resistant
organisms was 4 and 7% (p=0.50), respectively [52](Risk of bias: Moderate, cohort study with concurrently controls).

Health-related Quality of life. No study was found that reported evidence on the health-related quality of life of
individuals with a PAL. Only a couple of studies, both based on decision tree models, reported results in terms of quality-
adjusted life years (QALY's). One of them elicited health state utility values of treatment cure and failure in Staphylococcus
aureus endocarditis under skin testing with and without adverse reaction to penicillin or toxicity from second-line therapy
(vancomycin), and under no testing with and without vancomycin toxicity, from a nurse providing care for such inpatients
[58]. The other was a study of skin testing in S. aureus bacteremia which obtained values for a ‘post-septic episode with
no other issue’, ‘disutility for adverse event/adverse drug reaction’ independent of antimicrobial regimen and ‘disutility for
readmission’ from previous studies in patients with bacteremia [60].

Cost-effectiveness of de-labelling individuals with an incorrect penicillin allergy label. Four studies reported
results combining differences in costs and health benefits in cost-effectiveness analyses, all of them using decision
trees. One study compared skin prick testing (SPT) with no SPT over a 1-year time horizon, including the inpatient and
outpatient costs of antibiotic therapy and care for complicated infections and health-related quality of life losses associated
with readmissions and adverse events [60]. A second study modelled outcomes of SPT-guided management of patients
with S. aureus infective endocarditis followed up until hospital discharge and found it to have lower expected costs and
higher health-related quality of life (utilities) than the alternative of not testing and treating patients with vancomycin [58].
In contrast, SPT-guided vancomycin prophylaxis for cardiovascular surgery patients with a PAL had incremental costs per
anaphylactic case avoided above USD 400,000 and were not recommended for routine use instead of oral history-based
management [62]. The fourth study evaluated ST+ OC-guided intrapartum Group B Streptococcus (GBS) prophylaxis in
pregnant women, in which the costs were included for penicillin allergy and GBS sensitivity testing and antibiotics, resulting
in a cost per additional patient appropriately treated of USD 1360 relative to usual treatment according to the PAL [64].

Discussion

Of the 36 studies included in this review, the majority met less than half the methodology quality appraisal items required
to be considered a robust cost-effectiveness analysis. Most were cost analysis studies, focusing on antibiotic and direct
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healthcare costs before and after testing. Only a few studies evaluated the impact of testing and de-labelling outside a
hospital setting, and most of these included small inpatient populations, were confined to single specialties (e.g., joint

replacement surgery [61], and breast surgery [44]), and typically conducted in a single centre. Most studies were con-
ducted over a short period of time with only a few looking at impacts beyond a 1-year time period.

This review highlights several potential economic benefits of penicillin allergy testing, primarily its impact on antibiotic
acquisition cost during the index episode of care. Three studies explored the impact of allergy testing on LOS, and two
report associated cost reductions to the healthcare sector of 23—48% due to LOS reductions over an acute admission
alone or including repeat episodes over a 6 months period after testing. If confirmed by independent studies, this magni-
tude of effects on costs may offset the costs of the test, especially among low-risk patients timely screened for DPC after
admission. There were no studies that reported on the patient benefits of an earlier discharge from hospital, e.g., due to
switching from complex antibiotics to simpler oral penicillin administration [49,55].

A couple of studies documented the cost of immediate and delayed reactions to the test, but there were no studies
reporting the economic consequences of any potential reduction in the incidence of adverse events associated with using
narrower spectrum agents due to de-labelling, e.g., C. difficile infection. The impact of penicillin allergy delabelling on
antimicrobial acquisition costs in the community was measured in three studies; one followed children for a median of 12
months after being de-labelled at the ED [40]; another recorded costs of adult inpatients 12 months after testing [43]; and
a third followed an outpatient cohort of health plan members over a 1-year period (20% loss to follow-up) after testing [36].
Neither the costs of any downstream health care service use for subsequent or relapsing episodes of infection, nor their
associated health impacts were measured.

The median cost of skin testing plus oral challenge across six primary costing studies was USD 246 (range: 164, 514),
which was more than the associated median antibiotic acquisition cost reductions during the index hospital episode of
care (i.e. USD 74, range: USD 42-258, excluding a study in the highly selective population of patients on aztreonam [42]).
This finding is also evident in the three studies that have measured the cost of testing and antibiotic use during the index
hospital admission. Our study also summarises the reported unit costs of different testing strategies according to whether
testing is led by an allergy specialist or non-allergy specialists in an inpatient or outpatient setting. Our review reflects the
currently evolving recognition of the safety and feasibility of providing non-allergy specialist testing for penicillin allergy
using DPC led by trained nurses or pharmacists [66]. Although the information presented in published studies did not
always allow us to determine whether tested patients were of low, moderate or high risk, we found several reports involv-
ing high-risk populations, for example those undergoing hematopoietic stem cell transplant or the immunocompromised,
where SPT and oral challenge was done by allergists. Staicu et al. [56] reported a potential saving of $152 if the testing
was done by a non-allergist. A multi-test strategy of skin test plus an oral challenge was used in 18 out of 27 testing strat-
egies, with nine of those having a three-step process (skin test, intradermal test, and an oral challenge). Skin testing alone
was used in one study, and some studies estimated the cost of testing being carried out by non-allergists [31,41]. While
the summarised unit costs of DPC are lower than skin test plus an oral challenge overall, there is one report of low-risk
patients tested by nurse-led DPC plus remote doctor consultation (telemedicine) at a cost of USD 747, which is above
most of the other estimates of skin test plus an oral challenge reported by primary costing studies and suggests results
driven by differences in costing methodolgy rather than true costs.

Our study adds to a previous systematic review of the costs associated with a self-reported penicillin allergy label
[16], by focusing instead on studies evaluating the effect of penicillin allergy testing interventions. Like the previous
review, we found that the majority of studies are observational in nature and focused on inpatient populations. Our
study adds new evidence that de-labelling may reduce costs of hospital stay during the index episode of care, but the
magnitude of this effect may still not fully offset the costs of penicillin allergy testing and studies that track outcomes
over 3.5 years after testing may be required to capture important cost savings from hospital stays and outpatient atten-
dances [37].
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The heterogeneous findings across studies regarding the effect of penicillin allergy testing on the costs of antibiotic
use partly reflects the varying quality in this literature. For example, in measuring the impact of testing, study designs vary
from measuring antibiotic use in uncontrolled case series of tested patients or controlled tested cohorts. Several studies
report the difference between the costs of the observed antibiotic use in de-labelled patients and the ‘theoretical’ amount
of antibiotic that would have been used by these patients had they retained their PAL (i.e., cost avoidance studies).
Furthermore, some of these only measured costs for the subset of patients who are switched to a preferred penicillin or
beta-lactam after testing as opposed to the whole sample of patients undergoing testing [45,49].

We found a number of key areas for future research. In addition to health-related quality of life, there is lack of evidence
on long-term benefits of appropriate de-labelling to patients from avoiding delayed treatment of serious infections, e.g.,
sepsis or meningococcal meningitis. Further, none of the studies identified in this review sought to account for the popu-
lation health benefits of penicillin allergy delabelling from reducing antimicrobial resistance; those that recorded antibiotic
prescriptions over a one year or longer follow-up period post-testing found results consistent with reductions of 6% (p=0.5
[43]), 14% (p not available [37]), and 28% (p=0.0001 [36]), which suggest such potential benefits. Measurement of costs
associated with rare events leading to ICU care was almost absent from the reviewed studies, reflecting the single-site
nature of most of them. Multicentre controlled studies are needed to generate evidence on or adequate surrogates of
these key outcomes, which would then serve to inform cost-effectiveness and cost-utility studies that account for out-
comes relevant to patients as opposed to single provider institutions as in most of the received literature.

There are limitations of this review. First, we did not consider studies published in languages other than English. In
view of the growing awareness of the impact of penicillin allergy labels on patient and public health we are likely to miss
important emerging international evidence. Second, we excluded studies that reported quantities of resource use, such as
length of hospital say, without providing the associated costs. Future reviews may seek to expand the criteria for inclu-
sion to non-economic studies that report key outcomes, such as length of hospital stays, and apply a notional unit cost to
derive more precise and informative measures of economic impact than presented here. Third, there is heterogeneity in
reporting and costing methods used across studies, with some studies of ST only costing the test kit, whilst other studies
accounted for the costs of staff performing the test, test kits and materials for in vivo and in vitro (intradermal) tests, cost
of allergist and consultant time and capital costs of using the consultation room. We have mitigated against biases by
excluding studies that did not account for the costs of consultation but observed variation across studies that may reflect
differences in methods as opposed to variation in a consistent measure of unit cost of skin testing and an oral challenge
or DPC test.

Despite the limitations, the reviewed evidence suggests that the economic case for penicillin allergy delabelling may
be better made by carefully selecting patients on high cost antibiotics, such as admitted patients on aztreonam. Similarly,
outpatients may be selected for testing among frequent users of antibiotics.

Our study findings are also consistent with the view that efficient service delivery models that rely on trained non-allergy
specialists are required for the adoption of penicillin allergy testing to appeal to service managers and payers. Such adop-
tion would be easier and less costly for hospitals with robust electronic health record systems, telemedicine services and
established networks with allergy testing centres. Whilst pharmacists may have the training most suitable to lead in this
role of expanding access to testing services, they would cost more than suitably trained nurses or healthcare assistants.

Conclusions

There is limited evidence that penicillin allergy testing results in antibiotic costs savings, as published studies are obser-
vational, often uncontrolled and poorly reported. Whilst there is evidence of reduced antibiotic consumption in the com-
munity, little is known about the associated cost impact of de-labelling. Penicillin allergy testing is unlikely to recoup its
costs within the first year after testing. There is emerging observational evidence to suggest significant cost savings to
the health care system from reduced outpatient attendances and inpatient stays three to four years after testing. No
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evidence exists on the health-related quality of life impact of penicillin allergy testing. In order to identify optimal penicil-
lin allergy testing models and prove cost-effectiveness, randomised controlled trials with sufficiently long follow-ups and
power to detect meaningful impacts to patients and national health services are urgently required, particularly in high risk
and resource-constrained settings. Non-allergy specialist delivery models may offer an affordable way to expand allergy

testing service beyond the limited capacity of allergy testing centres.
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