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A B S T R A C T

Background: Penicillin allergy is commonly reported, but only a minority of claimants has a confirmed di-
agnosis. Nevertheless, patients labeled as having penicillin allergy are treated with second-line antibiotics,
which are more expensive and less effective, possibly increasing the risk of drug-resistant infections.
Objective: To compare hospitalizations with and without registration of penicillin allergy concerning their
morbidity and hospital resource use.
Methods: We analyzed a national administrative database containing a registration of all Portuguese hos-
pitalizations from 2000 to 2014. All episodes occurring in adults with a penicillin allergy registration were
compared with an equal number of hospitalizations without such registration and matched for inpatients’
age, sex, and main diagnosis. We compared those episodes concerning their length of stay, hospital price
charges, comorbidities, and frequency of drug-resistant infections. Differences between medical and surgi-
cal hospitalizations were explored.
Results: Hospitalizations with registration of penicillin allergy (n = 102,872) had a longer average length of
stay than the remainder episodes (8 vs 7 days; P < .001) and higher hospital charges (3,809.0 vs 3,490.0 USD;
P < .001). Inpatients with penicillin allergy registration also had a higher mean Charlson Comorbidity Index
(0.91 vs 0.76; P < .001) and a significantly higher frequency of infections by several agents, including methicillin-
resistant Staphylococcus aureus, Enterococcus species, and Escherichia coli. Among surgical episodes, septicemia
was 1.2-fold more frequent among penicillin allergy cases.
Conclusion: Hospitalizations with registration of penicillin allergy are associated with increased economic
costs and frequency of infections by drug-resistant agents, reinforcing the need to establish a correct diag-
nosis of penicillin allergy.

© 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction

Drug hypersensitivity reactions represent 15% of all adverse drug
reactions.1 When these reactions are immunologically mediated, they
consist of drug allergies, which can present with a wide range of
clinical manifestations and with different levels of severity.2,3 Drug
allergy is commonly reported; although estimates vary among dif-
ferent populations, the frequency of self-reported drug allergy has

been found to be higher than 30% by some investigators.4,5 The
β-lactam class of antibiotics is one of the drug classes patients most
often claim to be allergic to; it is estimated that 8% of Americans
are labeled as being allergic to penicillins, but fewer than 5% of them
have a confirmed diagnosis.6 Therefore, although some true aller-
gic reactions might remain unidentified, overdiagnosis appears to
be a much more common phenomenon. Overdiagnosis of penicil-
lin allergy might be explained by several factors, such as the diversity
of clinical manifestations, misdiagnosis with other adverse reac-
tions or infectious rashes, and underperformance of confirmation
tests.7,8 In addition, in patients who are truly allergic to penicil-
lins, loss of sensitization over the years might occur.9

Overdiagnosis of penicillin allergy can have several clinical con-
sequences. Inpatients with such a label often receive second-line
treatments (such as vancomycin and fluoroquinolones), which are
less effective and associated with a higher risk of antibiotic-
resistant infections than penicillins.10,11 Those second-line antibiotics
also are more expensive and, in addition to the increased
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frequency of hospital readmissions, account for the higher costs ob-
served in the treatment of inpatients labeled with penicillin
allergy.10,12,13 Although the clinical and health care repercussions of
penicillin allergy labeling have been studied in the United States,
this issue remains poorly studied in Europe and nationwide studies
are lacking. In a previous study performed in children (under review),
we observed a significant association between having a registra-
tion of penicillin allergy and having more comorbidities and longer
hospitalizations. Therefore, we aimed to complement this assess-
ment by comparing the frequency of antibiotic-resistant infections,
length of stay, comorbidities, and hospitalization charges in adult
inpatients with and without registration of penicillin allergy on a
nationwide basis and over a period of 15 years. We also aimed to
assess whether there were differences between surgical and medical
hospitalizations for having a penicillin allergy label.

Methods

We analyzed a database that contains a registration of all hos-
pitalizations occurring in public hospitals in mainland Portugal from
2000 to 2014. Hospitalizations were defined as (1) episodes with
hospital stays lasting at least 24 hours and (2) shorter episodes in
which the inpatient dies, is transferred, or leaves against medical
advice. This database was provided by the Portuguese Central Health
System Administration (Administração Central do Sistema de Saúde)
and contains, for each episode, information about the main diag-
nosis (corresponding to the diagnosis that, at discharge, was deemed
responsible for the inpatient’s admission), up to 19 other accom-
panying diagnoses, and up to 20 external causes of injury and
poisoning (including drug-induced allergic reactions). Diagnoses and
external causes were coded using International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) codes.

All hospitalizations of adult patients (≥18 years old) with a reg-
istration of penicillin allergy were compared with an equal number
of randomly chosen episodes without such registration for pa-
tients’ sex, age, and main diagnosis. Penicillin allergy was identified
by the V14.0 code as the main or accompanying diagnosis, or by
the E930.0 code as external cause of injury and poisoning (corre-
sponding, respectively, to “personal history of allergy to penicillin”
and “penicillins causing adverse effects in therapeutic use”). The main
diagnosis was previously classified into 259 clinically homoge-
neous and mutually exclusive categories, as defined by the Clinical
Classification Software.14

Hospitalizations with registration of penicillin allergy were sub-
sequently compared with an equal number of cases without such
registration matched by sex, age, and main diagnosis by propen-
sity score matching. The 2 groups were compared for their length
of stay, comorbidities (assessed using the Charlson Comorbidity
Index15), in-hospital mortality, and hospital charges. The latter were
calculated indirectly using a classification system based on the Di-
agnosis Related Groups (DRG) system16 and mostly reflect associated
diagnoses, performed procedures, and inpatients’ demographic char-
acteristics. Hospital charges were converted into US dollars (USD)
using an exchange rate of 1 € equals 1.236 USD. This rate was the
mean of the 2000 to 2014 average yearly exchange rates.

Matched episodes with and without penicillin allergy registra-
tion also were compared for the frequency of infections with agents
with enhanced surveillance in the most recent epidemiologic report
on antimicrobial resistance and healthcare-associated infections pub-
lished by the European Centre for Disease Prevention and Control.17

In particular, we assessed the frequency of infections with Staph-
ylococcus aureus (038.11, 041.11, 482.41, 038.12, 041.12, 482.42,
V12.04; the last 4 ICD-9-CM codes concern methicillin-resistant S
aureus [MRSA]), Escherichia coli (ICD-9-CM codes 008.0, 038.42, 041.4),
Klebsiella pneumoniae (041.3, 482.0), Pseudomonas species (008.42,
038.43, 041.7, 482.1), Enterococcus species (041.04), and Streptococ-

cus pneumoniae (041.2). We could not assess the frequency of
Acinetobacter infections, because these do not have a specific ICD-
9-CM code. In addition, we compared the frequency of Clostridium
difficile infections (008.45), drug-resistant infections other than MRSA
(V09.x), and septicemia (038.x).

Subgroup analyses were performed by comparing surgical and
medical episodes. According to the DRG system, episodes had been
classified as “surgical” or “medical” based on whether a surgical pro-
cedure was or was not performed. In addition, we performed
subgroup analyses aiming to assess differences in length of stay and
hospital charges according to inpatients’ sex, age, occurrence of drug-
resistant and/or enhanced surveillance infections, and episode
severity (the latter was based on the patients’ DRG, but only data
from 2011 to 2015 were available).

Statistical analyses were performed using IBM SPSS Statistics 22
(IBM Corp, Armonk, New York), using .05 as the level of signifi-
cance. Continuous variables were characterized using medians,
means, and percentiles. Absolute frequencies and percentages were
used for categorical variables. Continuous variables were com-
pared using the Mann-Whitney U test, and the χ2 test was used for
categorical variables. This study was exempted from institutional
review board approval, because the analyzed data had been pre-
viously anonymized.

Results

From 2000 to 2014, we identified 102,872 hospitalizations with
registration of penicillin allergy in adults, corresponding to 0.9% of
all hospitalizations in adults (n = 11,482,091) that occurred within
the same period in mainland Portugal public hospitals. Those epi-
sodes were initially compared with an equal number of episodes
without such registration. The proportion of women was signifi-
cantly larger in the penicillin allergy group compared with cases
without reported penicillin allergy (71.4% vs 57.3%; P < .001). The par-
ticipants’ median age was similar in the 2 compared groups (60 years).
The frequency of hospitalizations with infections as the main diag-
nosis was similar in the 2 compared groups (10.6%) as was the
frequency of episodes with a diagnosis of septicemia (1.1%). Never-
theless, among hospitalizations with registration of penicillin allergy,
we observed a significantly higher frequency of urinary tract infec-
tions, skin and subcutaneous tissue infections, and acute and chronic
tonsillitis and a significantly lower frequency of pneumonia (eTable 1).

Then, we compared hospitalizations with and without registra-
tion of penicillin allergy matched by age, sex, and main diagnosis.
The mean length of stay was significantly longer for episodes with
registration of penicillin allergy vs those without such label (8 vs
7 days; P < .001), despite similarities in the median value (4 days;
Table 1). Thus, the total number of hospitalization days was 8.7%
larger for penicillin allergy episodes (805,429 days) compared with
the remainder (741,045 days; Fig 1). A significantly higher mean
Charlson Comorbidity Index also was found for hospitalizations of
patients with penicillin allergy (0.91 vs 0.76; P < .001; Table 1).

Mean hospitalizations charges were significantly higher for pen-
icillin allergy episodes compared with episodes without such record
(3,809.0 vs 3,490.0 USD; P < .001). The sum of hospitalization charges
for penicillin allergy episodes was more than 391.8 million USD,
which was 9.1% higher than the 359.0 million USD for the remain-
ing cases (corresponding to a difference >32.8 million USD over the
15-year period; Fig 1). eTable 2 lists the results of subgroup anal-
yses performed comparing differences in length of stay and hospital
charges. We observed a greater effect of having a penicillin allergy
label in some subgroups; for example, in inpatients with more severe
conditions, having a label of penicillin allergy was associated with
an increase of 23.5% in length of stay and of 10.2% in hospital charges.
These values increased to 49.1% and 27.1%, respectively, in the sub-
group of patients no older than 30 years (eTable 2).
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Table 1
Demographic, Clinical, and Economic Characteristics of Hospitalizations Occurring in Adults With and Without Registration of Penicillin Allergy (Matched According to Pa-
tients’ Age, Sex, and Main Diagnosis; 2000–2014)

Hospitalizations with penicillin allergy label
(n = 102,872)

Hospitalizations without penicillin allergy label
(n = 102,872)

P value

Sex, n (%)
Men 29,399 (28.6) 30,307 (29.5) <.001a

Women 73,473 (71.4) 72,565 (70.5)
Age (y), mean (SD) 57.4 (19.2) 57.4 (19.5) .423b

Length of stay (days) <.001b

Mean (SD) [95% CI] 7.8 (10.9) [7.8–7.9] 7.2 (12.0) [7.1–7.3]
Median (IQR) 4.0 (7) 4.0 (6)
Total 805,429 741,045

Charlson Comorbidity Index <.001b

Mean (SD) [95% CI] 0.91 (1.6) [0.90–0.92] 0.76 (1.6) [0.75–0.76]
Median (IQR) 0 (1) 0 (1)

Hospitalization charges (USD) <.001b

Mean (SD) [95% CI] 3,809.0 (4,432.2) [3781.9–3836.0] 3,490.0 (4,079.5) [3465.0–3514.9]
Median (IQR) 2418.3 (2055.5) 2285.3 (2035.3)
Total 391,835,492.5 359,020,533.1

Frequency of in-hospital deaths, n (%) 3,065 (3.0) 4,691 (4.6) <.001 a

Abbreviations: CI, confidence interval; IQR, interquartile range.
aBy χ2 test.
bBy Mann-Whitney U test.

Figure 1. Differences in (A) mean and total length of stay, (B) mean and total hospital charges, and (C) and mean Charlson Comorbidity Index when comparing hospital-
izations with vs hospitalizations without a label of penicillin allergy.
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Significantly more S aureus, MRSA, E coli, K pneumoniae, Entero-
coccus, S pneumoniae, and drug-resistant infections other than MRSA
were found among hospitalizations of patients with penicillin allergy
(Table 2). Enterococcus and MRSA infections were 1.7 and 1.5 times,
respectively, more frequent among penicillin allergy episodes,
whereas overall S aureus infections, E coli, and K pneumoniae were
each 1.3-fold more common. Conversely, significantly lower in-
hospital mortality was observed for episodes with registration of
penicillin allergy (3.0% vs 4.6% in remainder cases; P < .001). No sig-
nificant differences were found concerning the frequency of
septicemia and infections with Pseudomonas species or C difficile.

We also performed a subgroup analysis comparing results of
medical vs surgical episodes (eTable 3). A significantly lower in-
hospital mortality among penicillin allergy cases was found among
medical episodes (5.0% vs 7.6%; P < .001), but not among surgical
cases (1.2% vs 1.2%; P = .464). Moreover, we observed a signifi-
cantly higher frequency of septicemia among surgical
hospitalizations with registration of penicillin allergy compared with
hospitalizations without such record; this significant difference was
not found in the medical episodes group. Conversely, in the medical
but not in the surgical subgroup, S pneumoniae and drug-resistant
infections other than MRSA were found with significantly higher
frequency among hospitalizations of patients with penicillin allergy.
No other differences were found in this subgroup analysis.

Discussion

In this study, we analyzed a database containing a registration
of all hospitalizations occurring in Portuguese public hospitals. From
2000 to 2014, we observed that 102,872 hospitalizations had a reg-
istration of penicillin allergy. These episodes were found to be longer,
costlier, and associated with a higher frequency of drug-resistant
infections (and septicemia among surgical episodes) than those
without label of penicillin allergy, even after adjusting for pa-
tients’ age, sex, and main diagnosis. These differences might result
from the increased use of less effective and costlier second-line an-
tibiotics in patients reporting to be allergic to penicillins.10,12 In fact,
we found that hospitalizations with registration of penicillin allergy
were, on average, 8.7% longer and with 9.1% more hospital charges
than the remainder. The reported significant associations between
having a penicillin allergy label and worse outcomes were ob-
served even after adjustment for the Charlson Comorbidity Index
by multivariable analyses (data not shown).

This suggests that penicillin allergy is associated with higher
health care costs because of longer stays and because of inpa-
tients having costlier diagnoses and procedures performed. We could
not assess the proportion of hospitalizations in which penicillin
allergy was confirmed. However, if we assume that 10% of labeled
episodes had “true penicillin allergy” (a conservative estimate6,18),

we can estimate that de-labeling of patients without allergy could
prompt annual decreases of up to 3,863 admission days and up to
1.9 million USD in hospital charges. In some subsets of episodes,
the relative impact of having a penicillin allergy label appeared to
be higher (eg, inpatients <30 years old and with more severe con-
ditions), reaching increases of up to almost 50% in length of stay
and up to 27% higher hospital charges. Thus, these results of sub-
group analyses might identify subsets of patients in whom
performing confirmation tests might be particularly cost-effective.

Surprisingly, we observed lower in-hospital mortality among
medical episodes with registration of penicillin allergy. Although
this finding is intriguing, it might result from lack of assessment
of allergy history in patients with more severe and acute condi-
tions. In fact, among medical hospitalizations, the in-hospital
mortality of episodes lasting no longer than 1 day surpassed 30%.
However, although in non-allergic medical cases almost 20% of in-
hospital deaths occurred in episodes within that duration, this
percentage reached only 12% among the allergic cases. In con-
trast, a history of drug allergy is frequently assessed before surgical
procedures, which might explain why in-hospital mortality was not
significantly different between episodes with and without regis-
tration of penicillin allergy. In accordance, we found that the
frequency of penicillin allergy registration was twice as high for sur-
gical as for medical episodes (1.0% vs 0.5%, respectively).

Nevertheless, in what appears to be the main limitation of our
study, the overall frequency of episodes with registration of pen-
icillin allergy (<1% of all hospitalizations) was well below those of
previous studies, which estimated the frequency of self-reported
drug allergy among inpatients to range from 7.5% to 23.5%.19 This
discrepancy is consistent with previous studies performed using ad-
ministrative databases and is probably more the result of
incompleteness of the clinical registries and of the analyzed data-
base than of a selective registration of cases with confirmed diagnosis
of penicillin allergy.20 Another important limitation concerns the
impossibility to assess the frequency of inpatients who had an al-
lergic reaction to penicillins during their hospital stays vs those with
a history (or claimed history) of penicillin allergy before admis-
sion. In addition, we could not assess the percentage of cases in
which the diagnosis of penicillin allergy had been confirmed. The
frequency of hospitalizations with occurrence of drug-resistant in-
fections also appears to be underestimated; in fact, only one-
third of all hospitalizations with an associated diagnosis of S aureus
infection had a registration indicating methicillin resistance, al-
though Portuguese surveillance data indicate that more than 50%
of invasive S aureus isolates are resistant to methicillin.17 In addi-
tion, Portugal has one of the highest frequencies in Europe of K
pneumoniae with combined resistance, fluoroquinolone-,
aminoglycoside-, or carbapenem-resistant Acinetobacter species, and
aminoglycoside- or vancomycin-resistant Enterococci species,17

Table 2
Frequency of Infections by Drug-resistant and Enhanced Surveillance Agents Occurring in Hospitalizations With and Without Registration of Penicillin Allergy (Matched
According to Patients’ Age, Sex, and Main Diagnosis; 2000–2014)

Frequency of infections, n (%) Hospitalizations with penicillin
allergy label (n = 102,872)

Hospitalizations without penicillin allergy
label, (n = 102,872)

P value

Staphylococcus aureus 923 (0.9) 689 (0.7) <.001a

Methicillin-resistant Staphylococcus aureus 323 (0.3) 211 (0.2) <.001a

Escherichia coli 2,056 (2.0) 1,552 (1.5) <.001a

Klebsiella pneumoniae 637 (0.6) 506 (0.5) <.001a

Pseudomonas sp 571 (0.6) 509 (0.5) .059a

Enterococcus sp 460 (0.4) 274 (0.3) <.001a

Streptococcus pneumoniae 376 (0.4) 309 (0.3) .010a

Clostridium difficile 121 (0.1) 111 (0.1) .511a

Other drug-resistant infections 117 (0.11) 84 (0.08) .020a

Septicemia 1,160 (1.1) 1,147 (1.1) 0.785a

aBy χ2 test.
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suggesting that the frequency of drug-resistant infections other than
MRSA is underreported in the database. In the identification of epi-
sodes with registration of penicillin allergy, we used a combination
of external cause and personal history diagnosis ICD-9-CM codes.
Although this approach aimed to increase the sensitivity of the case
identification process,21 the validity of the V14.0 code has not been
assessed. For the E930 code, we performed a validation study by
chart review of the same administrative database and found that
the positive predictive value of the E930 code was 80.8% (unpub-
lished data).

This study also has several strong points, because it analyzed all
public hospital admissions occurring in a nationwide scope and over
a 15-year period. Such an assessment would be very expensive and
time consuming to perform using other methodologic approaches,
such as chart review or prospective studies, supporting adminis-
trative databases as potentially valuable instruments in the
epidemiologic assessment of allergy reactions.22,23 Another strong
point of our study concerns the strategy to match hospitalizations
with and without registration of penicillin allergy, ensuring that these
2 groups were similar for inpatients’ sex, age, and main diagnosis.

In conclusion, in this study, we analyzed a national database con-
taining a registration of all public hospital admissions in a 15-
year period. We confirmed that hospitalizations with registration
of penicillin allergy are associated with increased length of stay, eco-
nomic costs, and frequency of infections by drug-resistant agents.
Intriguingly, we also found lower in-hospital mortality among
medical allergy episodes (but not among surgical ones), a finding
that merits further investigation in future studies. To mitigate the
negative impact of having a penicillin allergy registration, it is par-
amount to ensure that only patients with true allergy are labeled
as such and that a penicillin allergy diagnosis is based on a de-
tailed clinical history and confirmation tests.

Supplementary Data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.anai.2017.11.022.
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Supplementary Data

eTable 1
Frequency of Infections as Main Diagnosis in All Hospitalizations Occurring in Adults With a Penicillin Allergy Label (n = 102,872) Compared With an Equal Number of Ran-
domly Selected Hospitalizations Without This Label (Mainland Portugal; 2000–2014)

Hospitalizations with penicillin
allergy label (n = 102,872)

Hospitalizations without
penicillin allergy label (n = 102,872)

P value

All infections, n (%) 10,924 (10.6) 10,895 (10.6) .836
Pneumonia, n (%) 3,937 (3.8) 4,352 (4.2) <.001
Urinary tract infections, n (%) 1,820 (1.8) 1,675 (1.6) .013
Skin and subcutaneous tissue infections, n (%) 1,449 (1.4) 899 (0.87) <.001
Acute bronchitis, n (%) 891 (0.87) 817 (0.79) .072
Otitis media and related conditions, n (%) 336 (0.33) 291 (0.28) .072
Acute and chronic tonsillitis, n (%) 285 (0.28) 235 (0.23) .028
Other infections, n (%) 2206 (2.1) 2626 (2.6) <.001

eTable 2
Relative Differences in Length of Stay and Hospital Charges for Hospitalizations With Registration of Penicillin Allergy vs Hospitalizations Without Such Label Among Dif-
ferent Subgroups of Episodes

Sex Age group Type of episode Severitya Infectionb

Women Men 18–30 y 31–60 y ≥61 y Medical Surgical Low Intermediate High No Yes

Sex
Women — — +6.7%c +8.4%c +11.1%c +6.8%c +14.0%c +4.2%c +7.7%c +28.9%c +6.3%c +13.1%c

— — +5.3%d +9.3%d +8.6%d +2.2%d +8.4%d +2.0%d +7.1%d +16.0%d +7.5%d +13.4%d

Men — — +2.4%c +7.5%c +11.0%c +8.9%c +8.7%c +7.4%c +6.0%c +16.4%c +5.4%c +8.3%c

+10.0%d +10.6%d +11.5%d +4.6%d +7.7%d +4.8%d +4.7%d +3.0%d +10.5%d +6.0%d

Age group
18–30 y +6.7%c +2.4%c — — — +4.7%c +5.9%c +13.9%c −17.4%c +49.1%c +3.2%c −5.9%c

+5.3%d +10.0%d — — — +3.6%d +5.7%d +6.6%d −5.8%d +27.1%d +4.4%d +9.6%d

31–60 y +8.4%c +7.5%c — — — +7.8%c +11.2%c +5.0%c +6.1%c +1.9%c +5.4%c +11.2%c

+9.3%d +10.6%d — — — +2.6%d +8.1%d +3.0%d +3.6%d +4.3%d +9.5%d −0.5%d

≥ 61 y +11.1%c +11.0%c — — — +8.7%c +14.4%c +1.8%c +8.6%c +36.5%c +7.5%c +12.8%c

+8.6%d +11.5%d — — — +3.4%d +6.7%d +2.4%d +7.5%d +11.7%d +8.1%d +17.8%d

Type of episode
Medical +6.8%c +8.9%c +4.7%c +7.8%c +8.7%c — — +6.4%c +5.4%c +27.6%c +4.4%c +5.9%c

+2.2%$ +4.6%d +3.6%d +2.6%d +3.4%d — — +0.7%d +1.3%d −3.0%d +1.1%d +5.5%d

Surgical +14.0%c +8.7%c +5.9%c +11.2%c +14.4%c — — +4.6%c +2.8%c +5.2%c +9.0%c −1.3%c

+8.4%d +7.7%d +5.7%d +8.1%d +6.7%d — — +1.6%d −1.7%d +10.0%d +7.4%d −9.1%d

Severity
Low +4.2%c +7.4%c +13.9%c +5.0%c +1.8%c +6.4%c +4.6%c — — — +4.3%c +0.2%c

+2.0%d +4.8%d +6.6%d +3.0%d +2.4%d +0.7%d +1.6%d — — — +2.6%d +11.2%d

Intermediate +7.7%c +6.0%c −17.4%c +6.1%c +8.6%c +5.4%c +2.8%c — — — +4.0%c +8.6%c

+7.1%d +4.7%d −5.8%d +3.6%d +7.5%d +1.3%d −1.7%d — — — +5.7%d +6.3%d

High +28.9%c +16.4%c +49.1%c +1.9%c +36.5%c +27.6%c +5.2%c — — — +22.4%c +13.3%c

+16.0%d +3.0%d +27.1%d +4.3%d +11.7%d −3.0%d +10.0%d — — — +10.2%d +6.2%d

Infection
No +6.3%c +5.4%c +3.2%c +5.4%c +7.5%c +4.4%c +9.0%c +4.3%c +4.0%c +22.4%c — —

+7.5%d +10.5%d +4.4%d +9.5%d +8.1%d +1.1%d +7.4%d +2.6%d +5.7%d +10.2%d — —
Yes +13.1%c +8.3%c −5.9%c +11.2%c +12.8%c +5.9%c −1.3%c +0.2%c +8.6%c +13.3%c — —

+13.4%d +6.0%d +9.6%d −0.5%d +17.8%d +5.5%d −9.1%d +11.2%d +6.3%d +6.2%d — —
Total +9.3%c +8.0%c +5.2%c +7.8%c +10.9%c +7.0%c +12.5%c +5.1%c +7.1%c +23.5%c +5.7%c +10.7%c

+8.6%d +11.0%d +6.0%d +9.7%d +9.4%d +2.5%d +8.3%d +2.8%d +6.2%d +10.2%d +8.2%d +9.6%d

aData only available for 2011 through 2015.
bCorresponding to drug-resistant infections and infections by enhanced-surveillance agents (Staphylococcus aureus, methicillin-resistant Staphylococcus aureus, Escherichia
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterococcus species, Streptococcus pneumoniae, and Clostridium difficile).
cDifferences in length of stay in days.
dDifferences in hospital charges in US dollars.
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eTable 3
Comparison of Demographic, Clinical, and Economic Characteristics of Medical vs Surgical Hospitalizations Occurring in Adults With and Without Registration of Penicillin
Allergy (Mainland Portugal; 2000–2014)

Surgical hospitalizations (n = 104,393) Medical hospitalizations (n = 101,351)

Hospitalizations with
penicillin allergy label
(n = 54,958)

Hospitalizations
without penicillin
allergy label
(n = 49,435)

P value Hospitalizations with
penicillin allergy label
(n = 47,914)

Hospitalizations
without penicillin
allergy label
(n = 53,437)

P value

Sex, n (%) .082a <.001a

Men 15,341 (27.9) 13,561 (27.4) 14,058 (29.3) 16,746 (31.3)
Women 39,617 (72.1) 35,874 (72.6) 33,856 (70.7) 36,691 (68.7)

Age (y), mean (SD) 55.9 (17.4) 55.2 (17.7) <.001b 59.1 (21.0) 59.3 (20.8) <.001b

Length of stay (d), median (IQR) 4.0 (6) 4.0 (5) <.001b 5.0 (7) 5.0 (8) <.001b

Charlson Comorbidity Index, median (IQR) 0 (1) 0 (0) <.001b 0 (2) 0 (1) <.001b

Hospitalization charges (USD), mean (SD) 4,751.5 (5,357.2) 4,386.8 (5,149.3) <.001b 2,727.8 (2,659.1) 2,660.4 (2,465.0) <.001b

Frequency of in-hospital deaths, n (%) 652 (1.2) 611 (1.2) .464a 2,413 (5.0) 4,080 (7.6) <.001a

Frequency of infections, n (%)
Staphylococcus aureus 351 (0.6) 195 (0.4) <.001a 572 (1.2) 494 (0.9) <.001a

Methicillin-resistant Staphylococcus aureus 114 (0.2) 46 (0.09) <.001a 209 (0.4) 165 (0.3) .001a

Escherichia coli 384 (0.7) 186 (0.4) <.001a 1,672 (3.5) 1,366 (2.6) <.001a

Klebsiella pneumoniae 149 (0.3) 90 (0.2) .003a 488 (1.0) 416 (0.8) <.001a

Pseudomonas sp 155 (0.3) 106 (0.2) .029a 416 (0.9) 403 (0.8) .043a

Enterococcus sp 147 (0.3) 77 (0.2) <.001a 313 (0.7) 197 (0.4) <.001a

Streptococcus pneumoniae 16 (0.03) 15 (0.03) .908a 360 (0.8) 294 (0.6) <.001a

Clostridium difficile 31 (0.06) 17 (0.03) .098a 90 (0.2) 94 (0.2) .656a

Other drug-resistant infections 15 (0.03) 11 (0.02) .606a 102 (0.2) 73 (0.1) .004a

Septicemia 307 (0.6) 229 (0.5) .031a 853 (1.8) 918 (1.7) .449a

Abbreviation: IQR, interquartile range.
aBy χ2 test.
bBy Mann-Whitney U test.
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