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Introduction: Being labelled as allergic to different drugs results in patients receiving other
treatments, which are more toxic, less effective and more expensive. We aimed to analyze
different studies of the costs of drug hypersensitivity assessment.

Methods: A bibliographic search on studies regarding this issue was performed, including
the available scientific evidence up to June 2020. We searched three databases with terms
related to costs and allergy testing in drug hypersensitivity reactions.

Results: Our search revealed 1,430 publications, of which 20 met the inclusion criteria. In
the manuscript, prospective studies evaluating the costs of the evaluation of patients with
suspected allergy to beta-lactams or non-steroidal anti-inflammatory drugs are analyzed.
Also, comment is made on the costs associated with incorrect labeling as non-steroidal
anti-inflammatory drug or penicillin hypersensitivity.

Conclusions: Taking all costs into account, the study of drug hypersensitivity is not
expensive, particularly considering the economic and clinical consequences of labeling a
patient with hypersensitivity to drugs.

Keywords: beta-lactam, cost, delabelling, drug hypersensitivity, non-steroidal anti-inflammatory drug, penicillin,
drug allergy

INTRODUCTION

Drug allergy can affect 7–10% of the general population and constitutes a Public Health issue (Park
et al., 2011; Macy and Ngor, 2013; Sagar and Katelaris, 2013). Nevertheless, most patients that claim
to have drug hypersensitivity are not really allergic after an allergological study (Park et al., 2011;
Macy and Ngor, 2013; Sagar and Katelaris, 2013).
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Beta-lactams are one of the drugs most usually implicated in
adverse immunological reactions (Bedolla-Barajas et al., 2018).
An unverified penicillin allergy results in patients receiving
broader-spectrum antibiotics that are frequently less clinically
and economically effective. In addition, the unnecessary use of
alternative antibiotics leads to more adverse reactions, treatment
failures, and healthcare infections (MacLaughlin et al., 2000; Sade
et al., 2003; Shehab et al., 2008; Picard et al., 2013; Macy and
Contreras, 2014; McDanel et al., 2015; Barlam et al., 2016).

Regarding children, about 10% of parents state that their
children are allergic to drugs, especially to beta-lactams,
probably related to high prescription rates (Atanaskovic-
Markovic et al., 2019; Calamelli et al., 2019; Roduit, 2019).
Nevertheless, only a small proportion of them are true drug
allergic reactions (Macy and Ngor, 2013). In this sense,
different studies concluded that fewer than 10% of patients
claiming to be allergic really are, so most children are
mislabeled as drug allergic (Seitz et al., 2011; Abrams et al.,
2016; Mill et al., 2016).

Non-steroidal anti-inflammatory drugs (NSAIDs) are one of
the most frequent drugs causing hypersensitivity reactions with a
prevalence of 1–3%.This is higher in patients with chronic
rhinosinusitis, nasal polyposis, asthma, or chronic urticaria,
rising to 30% (Wöhrl, 2018). The importance of its evaluation
is because the necessity of NSAIDs for analgesic/anti-
inflammatory or antiplatelet therapy (Modena et al., 2017).

Nevertheless, the costs associated with the evaluation of
patients claiming to be allergic to drugs should be considered.
In this review, the costs of evaluating drug hypersensitivity in
beta-lactam antibiotics and NSAIDs are analyzed.

Thus, the review aims were to analyze different studies of the
costs of drug hypersensitivity assessment, particularly prospective
studies of the evaluation of beta-lactam allergy in adults and
children patients, NSAID hypersensitivity in adults, and other
studies revealing the clinic and economic consequences and the
importance of delabelling.

METHODS

Literature Search
A bibliographic search on studies regarding this issue was
performed including the available scientific evidence up to
June 2020. The primary sources for the search included
PubMed, SCOPUS, and EMBASE.

The search terms for PubMed included (“costs and cost
analysis” [MeSH Terms] OR “cost-benefit analysis” [MeSH
Terms]) AND “allergy testing” [Other Term]) OR “allergy tests”
[Other Term]) OR “allergy evaluation” [Other Term]) OR
“delabelling” [Other Term]) AND “penicillin” [Other Term])
OR “beta-lactam” [Other Term]) OR “nsaid” [Other Term].
Similar terms and methods were used for the other databases.

Inclusion and Exclusion Criteria

Only original articles or systematic reviews were selected.
Non-systematic reviews, comments, and other types of articles
were not selected.

Only articles in English were considered.
Only articles explicitly dealing with hypersensitivity reactions
were included.
No age restriction was considered.
At least two blinded researchers independently reviewed titles
and abstracts from the initial search, and eligibility criteria
determined their inclusion or exclusion.

Prospective studies about the costs of evaluating patients
labeled as allergic to different drug such as beta-lactam in
adults (Blumenthal et al., 2018; Sobrino-García et al., 2019)
and children (Sobrino et al., 2020) or NSAIDs (Sobrino-García
et al., 2020) drive this field forward prioritized.

RESULTS

Firstly, database searches showed 1,430 results. After removing
duplicates and articles without abstracts, 1,233 abstracts
remained for screening. Articles not peer-reviewed, conference
proceedings, editorials or commentaries to review articles were
excluded after abstracts were evaluated. Other articles were
excluded because they did not explicitly analyze costs in drug
allergy. After applying inclusion and exclusion criteria, 20 articles
were included in the review (Figure 1).

Assessment of Costs
We only found three prospective articles evaluating patients with
suspected beta-lactam allergy, two of them performed in adults, and
one in children. There was also a prospective study evaluating the
costs of the evaluation of hypersensitivity to NSAIDs in adults.
Direct and indirect costs as explained by Soto-Álvarez (2020) were
systematically recorded in only a few studies(Blumenthal et al.,
2018; Sobrino et al. 2020; Sobrino-García et al., 2019; Sobrino-
García et al., 2020). Direct health costs were calculated by
Blumenthal et al. (2018), who analyzed personnel costs,
consumables and space costs. Moreover, other studies (Sobrino
et al., 2020; Sobrino-García et al., 2019; Sobrino-García et al., 2020)
considered the number of consultations and all the diagnostic tests
performed. Direct non-health costs (Sobrino et al., 2020; Sobrino-
García et al., 2019; Sobrino-García et al., 2020) were calculated
taking into account the number of consultations and the distance
from their homes to the Allergy service. Finally, indirect costs
(Sobrino et al., 2020; Sobrino-García et al., 2019; Sobrino-García
et al., 2020) were calculated considering the absenteeism of patients.

In the US, Blumenthal et al. (2018) prospectively calculated the
cost of evaluating beta-lactam allergy in outpatients and found a
cost of $220 (€209.37) for a case that included penicillin skin tests
and a drug provocation test (DPT) in one step with amoxicillin.
In cases where more resources were used, assessment of penicillin
allergy costs were around $540 (€482.45). In Europe (Spain,
Sobrino-García et al., 2019) performed a prospective, one-
year-long study in 296 patients (46 positives), obtaining an
average cost of €187.49, with a maximum cost of €789.96.

In children, the only prospective study (Sobrino et al. 2020),
performed in Europe and one year lasting, evaluated 40 children
with suspected beta-lactam allergy (with only three children
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finally diagnosed with beta-lactam allergy). The mean cost was
€275.27 with a maximum cost of €746.78.

Concerning NSAIDs the only prospective elective study (Sobrino-
García et al., 2020) included 233 patients (43 positives at the end of the
study), with an average cost of €185.30 (maximum €1,055.96).

DISCUSSION

Prospective studies concerning the costs of the elective evaluation
of drug allergy are scarce. Thus, two studies evaluated the costs of
the elective evaluation of adult patients labeled with beta-lactam
allergy (Blumenthal et al., 2018; Sobrino-García et al., 2019)
Another study evaluated such costs in children (Sobrino et al.
2020) and yet another analyzed the costs of the elective evaluation
of adults labeled as hypersensitive to NSAIDs (Sobrino-García
et al., 2020). One of them was performed in the United States
(Blumenthal et al., 2018) and the other three in Europe (Sobrino
et al., 2020; Sobrino-García et al., 2019; Sobrino-García et al., 2020).

Beta-Lactam Studies in Adults
European studies (Sobrino et al., 2020; Sobrino-García et al.,
2019; Sobrino-García et al., 2020) were performed following the
ENDA/EAACI protocols (Torres et al., 2003; Kowalski et al.,
2011; Moreno et al., 2016). According theses protocols in beta-
lactam allergy evaluation included the anamnesis followed by
STs. When negative, patients underwent DPT.

In one of the beta-lactam allergy studies (Sobrino-García et al.,
2019) performed, additional visits for challenging with alternative
beta-lactams were done. All consultations were prospectively
collected. In the prospective beta-lactam study performed in
the United States, Blumenthal et al. (2018) (United States),
who studied 30 outpatients with suspected beta-lactam allergy,

the mean cost was $220 (€209.37) for the base case (skin tests with
beta-lactam and DPT with amoxicillin). In cases where more
resources were used and testing was expanded, assessment of
penicillin allergy would only cost about $540 (€482.45).

The results of both studies are not entirely comparable for
several reasons (World Bank, 2019): i) per capita income of the
United States and Spain are very different (€53,341 and €25,900,
respectively, in 2018), ii) there are apparent differences between
both countries regarding their National Health System (mainly
private in the United States and predominantly public in Spain);
iii) the differences between protocols, and iv) the exchange rate
between the euro and the dollar, which means that amounts
obtained require a conversion to be able to compare them (1 EUR
� 1.1250 USD). Thus, another study (Sousa-Pinto et al., 2020a)
designed an online questionnaire to study the practice and cost
perceptions of diagnostic tests used in beta-lactam allergy
evaluation. They concluded that there is a great deal of
diversity in performing beta-lactam allergy studies and
reported cost estimates, with median values ranging from €50
for SPT to €190 for DPT and providing information on the need
for context-based cost assessments and when these studies can be
economically effective. Sobrino-García et al. studied different
factors that influenced the costs of their studies (Sobrino et al.,
2020; Sobrino-García et al., 2019; Sobrino-García et al., 2020). In
the study of beta-lactams in adults (Sobrino-García et al., 2019),
the costs in patients with immediate reactions (€152.64 ± 106.73)
and delayed reactions (€220.48 ± 171.79), were significantly
different (p < 0.001). This fact was mainly related to the mean
number of visits (1.95 ± 0.90 and 2.76 ± 1.30, respectively, p <
0.001). For patients who worked and did not work for hire, wages
were also different (p < 0.001), with a mean loss of income of
€364.12 ± 156.38 and €121.28 ± 68.18, respectively.

Moreover, Sousa-Pinto et al. (2020b) concluded in a recent
study that penicillin allergy evaluation was cost-saving in twenty-
four base case decision models. For models evaluating the
performance of skin tests and DPT, allergy testing involved an
average savings of $657 for inpatients (USA: $1,444; Europe:
$489) and $2,746 for outpatients (US: $256; Europe: $6,045).

The main advantages of conducting an elective study of drug
allergy are delabelling false allergic patients, who are more
numerous than true allergy sufferers, and the correct diagnosis
of patients with true hypersensitivity. In addition, there are other
advantages, apart from economics.

Regarding beta-lactam antibiotics, patients mislabeled as
allergic to beta-lactams receive alternative drugs which are
generally less effective and less efficient. In this sense, Picard
et al. (2013) observed additional costs over a year in 1,738 patients
with suspected allergy to beta-lactams because of the use of other
antibiotics for more than $15,000. Sade et al. (2003) identified a
38% increase in costs in terms of antimicrobial prescribed at
discharge. Similarly, (MacLaughlin et al., 2000) showed that the
mean cost of antibiotic treatments prescribed to patients labeled
as allergic to beta-lactams ($26.81) was significantly higher
compared to patients without allergy to these antibiotics
($16.28). In Spain, (Sastre et al., 2012) evaluated 505
hospitalized patients with a history of drug hypersensitivity
and concluded that changes in treatments increased the mean

FIGURE 1 | Flow diagram for search methods.
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cost of treatment four-fold (€273.47 per patient per day of
hospitalization). Macy and Ngor (2013)) concluded that
patients labeled as allergic to beta-lactams required 9.9% more
days of hospitalization (0.59 days: 95% CI, 0.47–0.71) compared
to controls. In addition, Chen et al. (2017) evaluated 252 patients
labeled as allergic to penicillin who were hospitalized for other
reasons and concluded that, after the allergy evaluation, a
penicillin allergy label was removed in 228 subjects (90.5%).
Another cross-sectional case-control study of hospitalized
patients also concluded that antibiotic costs doubled in
patients labeled with penicillin allergy (Borch et al., 2006).
Moreover a penicillin allergy (Rimawi et al., 2013). In the US,
an antimicrobial administration program at a tertiary hospital
observed that evaluating beta-lactam allergy, removing the label
in 145 of the 146 cases, resulted in an annual savings of $82,000
(Rimawi et al., 2013). Mattingly et al. (2018) observed that
patients with penicillin allergy had direct drug costs during
inpatient admission ranging from no difference to an
additional $609 per patient respect patients without penicillin
allergy. Moreover, outpatient prescription costs were estimated
from $14 to $193 per patient higher for penicillin allergic patients.
Moreover, in the case of allergy to beta-lactams, patients with
selective hypersensitivity have different degrees of cross-
reactivity, being able in these cases to check tolerance to other
beta-lactam antibiotics that can be used as an alternative in
certain situations. In fact, Sobrino-García et al. (2019), showed

that of patients with selective hypersensitivity to amoxicillin who
underwent a DPT with cephalosporins and carbapenems
(82.76%), all tolerated alternative beta-lactams. Therefore,
most patients could benefit from treatment with other beta-
lactams. In addition to the economic consequences, treatment
with non-beta-lactam antibiotics has multiple clinical
implications. These include a higher incidence of infection by
Clostridium difficile, Vancomycin-resistant Enterococcus, or
methicillin-resistant Staphylococcus aureus, which are
associated with greater number of days of hospitalization
(Macy and Contreras, 2014) and readmissions. Furthermore,
alternative antibiotics are often less effective than beta-lactams
(vancomycin treatment for methicillin-sensitive S. aureus
bacteremia is associated with more significant frequency of
worsening of the disease (Barlam et al., 2016; McDanel et al.,
2015) and more frequently leads to adverse reactions, which may
contribute to the readmission of patients (Shehab et al., 2008).
Suspicion of a penicillin allergy already has a direct impact on the
choice of alternative antibiotics and entails the use of broader-
spectrum and less effective antimicrobials, often associated with
antimicrobial resistance (Shehab et al., 2008; Torres et al., 2019).
In this sense, Bermingham et al. (2020) investigated the impact of
being labeled as allergic to penicillin in a cohort of patients with
sepsis. Their results showed that these patients frequently receive
second-line antibiotics. Furthermore, they observed that the cost
of alternative antibiotics in patients with suspected penicillin

TABLE 1 | Studies concerning the costs of the evaluation of drug allergy.

Study Costs

Beta-Lactams (adults)
Blumenthal et al. (2018) $220 for the base case and $540 with more resources needed
Sobrino-García et al. (2019) Mean cost of the elective evaluation of patients with suspected

allergy to NSAIDs €187.49 ± 148.14, with a maximum of €789.96
Picard et al. (2013) Additional costs over a year in 1,738 patients for more than

$15,000
Sade et al. (2003) 38% increase in costs in terms of antimicrobial prescribed at

discharge
MacLaughlin et al. (2000) $26.81labeled as allergic vs. $16.28
Sousa-Pinto et al. (2020a) Mean savings of $657 for inpatients and $2,746 for outpatients
Sousa-Pinto et al. (2020b) Wide diversity in penicillin allergy testing practice (median values

ranging from €50 for SPT to €190 DPT)
Sastre et al. (2012) €273.47 per patient with a history of drug allergy per day of

hospitalization
Rimawi et al. (2013) Removing the label resulted in an annual savings of $82,000
Bermingham et al. (2020) The cost of alternative antibiotics in patients with penicillin allergy

labels was 2.61 times higher
Beta-Lactams (children)
Sousa-Pinto et al. (2018) Hospitalization costs were higher (2,071 vs. €1,798) in children

with this label
Au et al. (2019) Mean cost per patient was $8,171, compared to $6,278 in

patients without this label
Sobrino-García et al. (2019) Mean cost of the elective evaluation of patients with suspected

allergy to BL: €275.27 ± €164.70, with a maximum of €746.78
NSAIDs (adults)
Cubero et al. (2017) Annual increase in the cost of using alternative drugs such as

clopidogrel or trifusal instead of AAS: 218.13 vs. €17.64 and
134.56 vs. €17.64, respectively

Sobrino-García et al. (2020) Mean cost of the elective evaluation of patients with suspected
allergy to NSAIDs: €185.30 ± 146.77, with a maximum cost of
€1,055.96
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allergy was 2.61 times higher. Another aspect that influences the
lower efficiency of antibiotic treatment in these patients is the fact
that there is a delay in administering the first dose of the antibiotic
(Conway et al., 2017). For its part, The United Kingdom Sepsis
Trust estimates that there are about 250,000 episodes of sepsis in
the United Kingdom per year. According to published data,
around 20% (Mirakian et al., 2015) are associated with
penicillin allergy labels that could be ruled out in 95% of cases
(Shenoy et al., 2019).

Delabelling penicillin allergy is associated with greater use of
penicillins and other beta-lactams. A systematic review andmeta-
analysis (Sacco et al., 2017) of inpatient penicillin allergy testing
that included 24 studies demonstrated increase penicillin
utilization (9.9–49%) after skin testing. Penicillin allergy
testing in outpatient settings is also associated with
significantly less health care utilization and greater use of
penicillins and cephalosporins (Macy and Shu, 2017). There
are regional differences in approaches for delabelling patients
allergic to beta-lactams. A precise diagnosis is mainly based on
skin tests and DPT tools that are time-consuming and are not
without risks Torres et al., 2019. In the US, in recent years, there
has been a growing interest in the development of risk
stratification using a computerized clinical decision support
system or a multidisciplinary antibiotic stewardship program
with or without evaluation by an allergy specialist (Torres
et al., 2019). It has been suggested performing DPT without
previous skin tests in patients with low risk (Abrams et al., 2019;.
In this sense, Li et al., 2019 concluded that penicillin allergy
evaluation performing a DPT without previous STs might be
feasible for adult patients with a history of type B reactions to
penicillins without a history of anaphylaxis within the last ten
years or a type 2, 3, or 4 (severe) hypersensitivity reaction. There
is a consensus about this practice in children (Abrams et al., 2019;
Stone et al., 2020).

Beta-Lactam Studies in Children
In the case of children, it is necessary to consider that the
percentage of positive results for beta-lactam antibiotics after
the allergological evaluation is less than 10% (prevalence of 6%
(Ibáñez and Olaguibel, 2015)), so delabelling acquires more
significant importance in this population group. In this sense,
Abrams et al. (2016) proposed a diagnostic protocol for children
who are labeled as allergic to beta-lactams and insisted on the
importance of correctly labeling the allergy to beta-lactams in the
pediatric population, given its low prevalence (Seitz et al., 2011;
Abrams et al., 2016; Mill et al., 2016; Roduit, 2019). Sousa-Pinto
et al. (2018) identified 1,718 hospitalizations corresponding to
children with suspected allergy to beta-lactams. These children
had more extended days of hospitalization and a higher
comorbidity rate. Hospitalization costs were also higher
(€2,071 vs. €1,798), nevertheless, in this case, there was not a
significant difference. Also, Au et al. (2019) estimated the costs of
antibiotics used throughout their lives by patients labeled as
allergic to penicillin before ten years of age compared to those
who were not allergic to penicillin. Thus, they found that in the
first group, the mean cost per patient was $8,171, compared to
$6,278 in patients without this label.

In the study of children with suspected beta-lactam allergy
(Sobrino et al.), indirect costs were higher than those of adult
studies (Sobrino-García et al., 2019; Sobrino-García et al.,
2020) due to the significant number of legal guardians who
went to the Allergy Service and were employed, reaching 60%
of cases. In the prospective study of costs of beta-lactams in
children (Sobrino et al.) who went to the Allergy Service with a
legal guardian who worked for hire, total costs were
significantly higher (€352.70 ± 167.98) than in those whose
legal guardian did not work for hire (€159.13 ± 57.29),
p < 0.001.

NSAIDs Studies
Concerning NSAIDs, Aspirin® and other drugs in this group
represent one frequent cause of hypersensitivity reactions,
which affect 1–3% of the population (Stevenson et al., 2001;
Sánchez-Borges et al., 2010; Doña et al., 2012; Kowalski and
Stevenson, 2013; Park et al., 2013; Demir et al., 2015; Kowalski
and Makowska, 2015; Lipscomb et al., 2019). This percentage
increases to 30% in patients with other pathologies, Szczeklik
and Stevenson (2003) and there are even studies in which
NSAIDs are the drugs most frequently involved in
hypersensitivity reactions (Doña et al., 2011). Regarding the
economic cost of hypersensitivity to NSAIDs, some studies
have evaluated the costs associated with the use of alternative
drugs and desensitization. In Spain, Cubero et al. (2017)
confirmed that annual increase in the cost of using
alternative antiplatelet agents such as clopidogrel was
1,142.12% (€218.13 vs. €17.64) and with trifusal was
662.76% (€134.56 vs. €17.64). In turn, Shaker et al. (2008)
performed an economic analysis of desensitization to
acetylsalicylic acid in aspirin-exacerbated respiratory disease
(AERD), concluding that ambulatory desensitization is cost-
effective in patients with moderate to severe AERD and that it
continues to be a less expensive option for secondary
cardiovascular prophylaxis.

In the only prospective study of costs of NSAID
hypersensitivity (Sobrino-García et al., 2020), mean costs in
patients with or without a final diagnosis of hypersensitivity
were €239.53 ± 140.59 and €173.02 ± 145.71, respectively (p �
0.004). This difference was related to the mean number of visits
necessary to reach the diagnosis: 4.23 ± 1.46 in patients diagnosed
with hypersensitivity to NSAID and 3.34 ± 1.42 in whom allergy
was discarded (p < 0.001).

In this case, being employed, or not, significantly increased the
cost: €304.10 ± 172.55 in patients who worked for hire compared
to €14.93 ± 62.55 in those who did not, p < 0.001.

Recently, the importance of correct labeling and delabelling of
patients with a possible hypersensitivity to drugs (Macy, 2020;
Solensky, 2020; Vyles et al., 2020) has also been highlighted in the
context of SARS-CoV-2 Castells, 2020 infection. In health alert
situations such as the present pandemic, it becomes more relevant
to know when there is a real hypersensitivity to a drug that
prevents its use, and when there is not. Thus, it is essential to
study patients with a suspected reaction to a drug, carry out
correct labeling and delabelling and, thus, reduce the risk for
patients (Castells, 2020).
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This review’s main limitations were the paucity of prospective
studies about the topic and the fact that the same group
performed three of them (Sobrino et al., 2020; Sobrino-García
et al., 2019; Sobrino-García et al., 2020). Another limitation is that
the studies’ results are not comparable due to how the studies
were performed. Thus, the American studyl (Blumenthal et al.,
2018) did not include indirect costs, whereas the European
studies (Sobrino et al., 2020; Sobrino-García et al., 2019;
Sobrino-García et al., 2020) did. Table 1 shows a summary of
the costs in the studies discussed in the review.

CONCLUSION

An allergy evaluation in patients with suspected drug
hypersensitivity is essential to establishing a correct diagnosis.
Allergy testing allows for delabelling in a substantial percentage of
patients with suspected drug allergy. The elective evaluation of
beta-lactams and NSAID hypersensitivity is affordable and
permits using more effective first-line drugs, which generally
involves cost savings. In prospective European studies (Sobrino
et al., 2020; Sobrino-García et al., 2019; Sobrino-García et al.,
2020), the average cost of evaluating beta-lactam allergy in adults
and children was €187.49 and €275.70, respectively, and the

average cost of NSAID evaluation hypersensitivity was
€185.30. In the prospective American study21, the average cost
was $220 (€209.37) for a case and $540 (€482.45) when more
resources were used. In this sense, several recent studies have
shown that drug allergy evaluation is cost-saving in patients with
suspected hypersensitivity to beta-lactams or NSAIDs.

Finally, we believe that all patients labeled as allergic to beta-
lactams or NSAIDs should undergo an allergy study due to
critical clinical and economic consequences. However, more
prospective studies are needed for comprehensive cost-
effectiveness analyses of this crucial issue.
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