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a b s t r a c t

Background: Most hospitals use electronic health records (EHR) to warn health care professionals of drug
hypersensitivity (DH) and other allergies. Indiscriminate recording of patient self-reported allergies may
bloat the alert system, leading to unjustified avoidances and increases in health costs. The aim of our
study was to analyze hypersensitivities documented in EHR of patients at Lausanne University Hospital
(CHUV).
Methods: We conducted a retrospective study on patients admitted at least 24 h to CHUV between 2011
and 2021. After ethical clearance, we obtained anonymized data. Because culprit allergen could be either
manually recorded or selected through a list, data was harmonized using a reference allergy database
before undergoing statistical analysis.
Results: Of 192,444 patients, 16% had at least one allergy referenced. DH constituted 60% of all allergy
alerts, mainly beta-lactam antibiotics (BLA) (30%), NSAID (11%) and iodinated contrast media (ICM) (7%).
Median age at first hospitalization and hospitalization length were higher in the allergy group. Female to
male ratio was 2:1 in the allergic group. Reactions were limited to the skin in half of patients, and
consistent with anaphylaxis in 6%. In those deemed allergic to BLA, culprit drug was specified in 19%,
‘allergy to penicillin’ otherwise. It was impossible to distinguish DH based on history alone or resulting
from specialized work-up.
Conclusions: Older age, longer hospital stays, and female sex increase the odds of in-patient allergy
documentation. Regarding DH, BLA were referenced in 4% of inpatient records. Specific delabeling pro-
grams should be implemented to increase data reliability and patient safety.
© 2023 Japanese Society of Allergology. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The World Health Organization (WHO) defines adverse drug
reactions (ADR) as harmful, unintended reactions to medicines that
and Allergy, Department of
CHUV), Rue du Bugnon, 44,

gwald).
ety of Allergology.

ublished by Elsevier B.V. This is an
occur at doses normally used for treatment. Amongst others, drug
hypersensitivity (DH, or simply drug allergy in everyday use) is the
leading cause of ADR. In the United States of America (USA), up to
one over 300 patients dies from an ADR, with DH implication
around 10%.1 DH can be further classified according to their path-
ophysiological mechanisms. DH can be either of immune type (drug
allergy) or of non-immune type (pharmacological effects for
example). Frequency of the later can be reduced by using preven-
tive methods such as reducing the infusion rate in vancomycin
administration (vancomycin is known to induce mast cell
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degranulation, historically called the “red man syndrome”). Iodin-
ated contrast media (ICM) reaction can be prevented in most cases
by antihistamine premedication.2

Nowadays, the most frequently reported drugs responsible for
hypersensitivity reactions are beta-lactam antibiotics (BLA) and
non-steroidal anti-inflammatory drugs (NSAIDs). Back in 2018, an
American survey estimated drug hypersensitivity prevalence as
high as 13%, with hypersensitivity to penicillin accounting for 30%
of cases.3 In 2014, a European consortium assumed a prevalence of
drug hypersensitivity close to 7% in general population. Most
publications agree on the fact that drug hypersensitivity is a major
public health issue.4e8

Since 2010, Lausanne University Hospital (CHUV), which is a
tertiary health care center, uses electronic health records (EHR) in
order to document patients’ medical records. An allergy alert sys-
tem allows users to integrate information on potential allergies that
are reported by the patients themselves or obtained from their
medical files. Besides the culprit substance responsible for allergies,
other information such as type and severity of the reactionmay also
be reported. This tool is meant to prevent contact with allergens
such as latex during hospital stay, as well as alert during pre-
scription of drugs to which the patient is allergic. However, such
numeric alert systems present intrinsic and extrinsic flaws. Our
daily practice reminds us how difficult it is to obtain precise and
detailed past medical events during patient history. Correct
assessment of the severity and the type of reaction by untrained
personnel is often difficult. Finally, correct documentation of hy-
persensitivity reactions in EHR is tricky, as is the integration of
alerts in modules for electronic prescription. An American study
indicates that medical staff simply ignored 90e95% of system alerts
related to electronic prescription.9

It is important not to re-expose a patient to a drug that has
previously elicited hypersensitivity, unless there is no other
choice and precautionary measures such as tolerance induction or
pre-medication are in place. Thus, incorrect documentation of
hypersensitivities can have various consequences. On the one
hand, if a previous hypersensitivity reaction remains undocu-
mented, a patient might be re-exposed to the culprit drug and
experience recurrent hypersensitivity. On the other hand, un-
qualified reporting of poorly documented adverse events may
lead to unjustified avoidance of first-line drugs, with use of
second-line or third-line treatment, responsible for increase in
health costs, adverse events and, in case of BLA avoidance for
example, to increased antibiotic resistance. The same is true with
radiocontrast agents, were incorrect documentation of hyper-
sensitivity reactions may result in delay or avoidance of important
diagnostic procedures.

As authorities and health care providers struggle to find a so-
lution to integrate data on hypersensitivity in the planned elec-
tronic patient health record, we decided to analyze the allergy data
included during the past decade in CHUV. The aim of our study is to
analyze type and severity of allergies in patients hospitalized at
least 24 h on the last ten years in CHUV, focusing mainly on drug
hypersensitivity.

Methods

Population studied

Single-center retrospective study on patients hospitalized in
CHUV for at least 24 h between June 2011 and June 2021. Soarian®
(formerly Siemens AG, now Cerner, North Kansas City, Missouri,
USA) is used as EHR since 2010 in CHUV. It allows documentation of
medical records for in- and outpatients. Any health care profes-
sional involved in management of in-patients has access to the EHR
with the possibility of recording allergies. The local ethics com-
mittee (CER-VD 2021-01784) approved the study.

Source data

In order to document an allergy in the EHR, the user (physician/
nurse) has to go through three steps, or scrolling menus. The first
scrolling menu selects the culprit in a defined compound list, the
second the clinical symptoms presented (cutaneous reaction,
eczema, urticarial, asthma, angioedema, gastrointestinal symp-
toms, rhino conjunctivitis and anaphylactic shock) and the third the
severity of the reaction (mild/moderate/severe). Of note that the
severity of the reaction is suggested by the system but can be
overruled by user. When an EHR is generated, no mandatory action
is needed regarding the allergy alert system. It is set by default as
“no known allergy”. It relies upon the contributors to the EHR to
inquire and document known allergies, as per good clinical prac-
tice. The Soarian® drug database allows for introduction of multi-
ple choices corresponding to the same active principle according to
the International Common Denomination (ICD), for example, terms
as ‘Bactrim 200/40 syrup’, ‘BACTRIM’, ‘Bactrim forte 800/160 cpr’ or
‘sulfamethoxazole with trimethoprim’. Some may be listed as
‘XXXX’. It is also possible to list the culprit as free text, if the textual
keyboard input is not present in the reference list (e.g., ‘Vampire’ or
‘Penizilin’). Free text entries are not taken over to the reference list.
In addition, drugs entered as free text in the EHR do not trigger an
alert when further electronically prescriptions are made (interac-
tion analysis process, treatment duration …).

Data obtained from the EHR were: age of subjects, number and
length of hospitalization stays over the analyzed period, medical
ward and administrative responsibility, frequency of documented
allergy, substances involved, type of reaction and severity.

Data processing

We compared the extracted raw allergy data to a reference
harmonized allergy database containing only ICD using a Python
script. The algorithm replaced free text entries of drugs in the EHR
by their ICD equivalent if Levenshtein distance (comparing mini-
mum number of character editing) was �1 or if the later character
chain was contained in the former.10

Date and time variables were transformed to a uniform format
(yyyy/mm/dd). Date unit was years, rounded up to the next integer.

For each patient fulfilling the inclusion criteria, we obtained
data from all hospitalizations situated within the time frame of the
study. Patients that were admitted to the Emergency Room (ER) for
24 h or more and then left the hospital were considered as having
ER stays. Those merely transiting through the ER to a hospitaliza-
tionward were considered as having one stay in the givenward. For
a better understanding, patients having allergies referenced in their
medical records will be referred to as “the allergic group”, while
those without allergies as “the non-allergic group”.

Substances typically eliciting respiratory symptoms such as
grass or tree pollens, molds, house dust mites (HDM) and other
allergens such animal dander were attributed to the aeroallergen
group.

Statistics

Data analysis was performed using IBM® SPPS Statistics (Chi-
cago, IL) and its Python add-on module. General statistics (mean,
median, standard deviation, Chi-squared test and p-values) were
obtained with IBM® SPPS Statistics (Chicago, IL).

Microsoft Excel and GraphPad-Prism were used to obtain data
graphical representation.
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Descriptive statistics

Descriptive statistics were conducted using IBM® SPPS Statistics
(Chicago, IL). Because our values were not distributed on a normal
distribution, we performed a non-parametric test using a
ManneWhitney U test. Mean, median and values as interquartile
range (IQR) were used for further comparison. Finally, all data were
compute using a binary logistic regression process.

We performed a logistic regression using the same software. The
single binary variable was whether the patient was referenced as
allergic or not (0: non-allergic, 1: allergic). Independent variables
were patient sex (0: male, 1: female) age at first hospitalization
(expressed as years), the total number of hospitalized days and
finally whether the patient transited only through the emergency
room or was transferred to another ward (0: transit through ER to
another inward service, 1: ER only).

Results

Of the 279,952 patients screened, 192,244 fulfilled the inclusion
criteria (Fig. 1). Of these, 30,942 (16%) had at least one allergy alert,
while no allergy was mentioned in 161,302 (84%).

Demographic and epidemiological characteristics of both
allergic and non-allergic patients are shown in Table 1. Median age
at first hospitalization was 53 (33e78) years old in the allergic
population vs 36 (9e64) years in the non-allergic group (p < 0.005).
Female tomale ratio was 2:1 in the allergic group vs 1:1 in the non-
allergic group (p < 0.005). The median number of hospitalizations
per patient was 2 (1e3) in allergic vs 1 (1e2) in non-allergic pa-
tients (p < 0.005). The median duration of hospitalization was
higher in the allergic group, being 4.25 days (3e9.25). In the non-
allergic group, the median was 3 days and the corresponding IQR
4 (3e7) days. Of note, mean duration of hospitalizationwas slightly
higher in allergic group (7.62 vs 7.39 days). ER was the most
frequent hospitalization ward in both groups. The other frequent
hospitalization wards are listed in Table 1.

The 51,044 substances listed in the 30,942 allergic patients were
categorized in five main groups: drugs (including contrast medias
used for diagnostic purposes), respiratory allergens (pollens, ani-
mal dander), insect venom (hymenoptera venom), foods (or edible
Eligible hospitalized 
pa�ents

N = 192,244

Without men�on of 
allergies

N = 161,302 (84%)

With men�on of one or 
more allergies

N = 30,942 (16%)

Hospitaliza�ons
N = 296,595

Hospitaliza�ons
N = 88,344

Hospitalized pa�ents
N = 279,952

Fig. 1. Study flowchart. The inclusion period runs from June 2011 to June 2021. Eligible
patients were hospitalized at least 24 h in CHUV.
substances), and contact allergens (including metals and fra-
grances). Substances that did not fit into the five categories were
classified as ‘Other’. Substance categories are listed in Figure 2. The
most frequently listed allergens are displayed in Table 2.

Of the 30,942 allergic patients, 35% had more than one allergy
referenced. There were no double entries. The most frequently
referenced secondary allergens were pollens (16%), NSAIDs (5%),
opioids, penicillin and bandage adhesives (4% each).

Drug hypersensitivity

Molecules
Drugs represented the largest category of allergens listed; ac-

counting for 59% of allergy alerts (Fig. 2). BLA constitutes the most
important group of drug allergens, listed in 28% of individuals with
allergy alerts and 4% of all hospitalized patients. Most patients were
tagged as being ‘allergic to penicillin’, without distinction, whether
it applied to the molecule or a BLA subfamily. In 19% cases, specific
molecules other than penicillin were listed (Table 3).

Hypersensitivity to NSAID is mentioned in 10% of all allergic and
1.5% of all hospitalized patients. Of note, only two generic terms
were used, being ‘NSAID’ and ‘salicylates’. Concerning ICM, it rep-
resented 6% of allergic and 1% of hospitalized patients. The generic
term ‘ICM’ is used inmore than 80% of cases, while in the remaining
cases the commercial denomination is mentioned (e.g., Visipa-
que™, Accupaque™, etc.). Finally, opioid analgesics (including
morphine, fentanyl, and tramadol) were found in 5% of the allergic
and 1% of all hospitalized patients.

Reaction types
‘Cutaneous symptoms’ is by far the most frequently listed

symptom complex in the EHR, accounting for 40% of cases. Sub-
categories were listed in half of cases and encompass ‘cutaneous
reaction’ in 72%, ‘exanthema’ in 11%, ‘eczema’ in 9%, ‘urticarial rash’
in 8%. Angioedema is defined as a swelling beneath the skin or the
mucosa, resulting from various etiologies and referenced in 2% of
patients having ‘cutaneous symptoms’, In patients tagged as
allergic to BLA, NSAID and ICM, ‘Cutaneous symptoms’ (as symptom
complex) were described in more than 60% of cases (Fig. 3).

‘Anaphylactic shock’ was listed in 2647 alerts (7% of all DH re-
actions, Fig. 3). Leading causes of anaphylactic shock were ICM (11%
of cases), penicillin (7% of cases) and NSAIDs (7% of cases).

Non-drug hypersensitivity

Allergens
Respiratory allergens were the second largest substance cate-

gory, accounting for 22% of allergy tags. The main allergens were
pollens (either tree or grass pollen, without further specifications),
corresponding to 19% of allergic patients. Other frequent allergens
encountered were cat and HDM (4.5% and 3.6% of allergic patients,
respectively).

Food allergens accounted for 11% of allergy tags. Fruits (sic) were
mentioned in 4% of allergic patients, followed by shellfish (2%).
Contact allergens were listed in 5% of allergy tags (adhesives, latex
and nickel in general). Finally, 1.5% had allergy to insect venom,
mainly to honeybee and wasp stings.

Reaction types
Rhino conjunctivitis (3% of patients) and asthma (2% of patients)

were the twomain respiratory symptoms listed. In both conditions,
pollens were the leading cause of symptoms. The generic term
‘Gastrointestinal symptoms’ was referenced in 3178 patients (1% of
patients). The type of symptoms was not specified.



Table 1
Characteristics of 192,244 patients admitted for at least 24 h in Lausanne University Hospital between 01.06.2011 and 30.06.2021.

All (N ¼ 192,244) Without documented
allergies (N ¼ 161,302)

With documented
allergies (N ¼ 30,942)

p-value

Females, no. (%) 101,449 (52) 81,605 (51) 19,844 (64) <0.005
Age at first hospitalization, median (IQR) years 40 (49) 36 (54) 53 (35) <0.005
Duration of hospitalization, median (IQR) days 3 (7) 3 (4) 4.25 (6.25) <0.005
Hospitalizations, no. (median, IQR) 384,939 (2, 2) 296,595 (1, 77) 88,344 (2, 84) <0.005
Ward type, no. (%)
Emergency room 68,286 (18) 51,340 (17) 16,946 (19)
Obstetrics 56,107 (14) 49,508 (17) 6599 (8)
Pediatrics 21,957 (5) 19,494 (6) 2463 (3)
Orthopedics 23,307 (6) 16,449 (5) 6858 (8)
Visceral surgery 16,414 (4) 10,909 (4) 5505 (6)
Internal Medicine 15,248 (4) 10,591 (4) 4657 (5)
Other 183,620 (49) 138,304 (46) 45,316 (51)
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Severity score

For each allergy referenced in the EHR, one can chose the
severity of the reaction between ‘severe’, ‘moderate’, and ‘mild’. As
previously mentioned, the reaction severity is suggested by the
system (referred to as ‘Default’) and has to be validated by user.
Apart from the cutaneous (unspecified) category, users did not
change the system suggestion. Around 10% reactions did not bear
any severity grade (Table 4).

Free text and codified information

Roughly, 5600 various substances are listed in the allergy tags.
Precise proportion of free text entry is unknown as no dedicated
Fig. 2. Allergy categories according to 51,044 allergy tags found in 30,942 hospitalized pat
health record allergy module. The outer circle shows principal allergens by category. Contr
label exists. By looking at metadata, it seems around 20e30% of
entries were manually saved and were more frequently docu-
mented in early version of EHR system. As we could not access
earlier versions, our estimations could not be confirmed.

Logistic regression analysis

Patients were grouped according to the median age at first
hospitalization (0: age at first hospitalization inferior to 40 years
old, 1: age at first hospitalization superior to 40 years old). Being a
woman increased the risk of being tagged as allergic by an OR of 1.9
(95% CI 1.85e1.95, p < 0.05). In addition, older age at first hospi-
talization increased the risk of being allergic by an OR of 2.1 (95% CI
2.06e2.17, p < 0.05). The longer the hospital stay, the greater the
ients. The inner circle corresponds to allergen categories as defined by the electronic
ast media such as iodinated contrast media are listed under ‘drugs’.



Table 3
Beta-lactam antibiotics listed as responsible for drug hypersensitivity in 30,627
hospitalized patients.

Beta-lactam designation Percentage of
BLA-allergic

Percentage within
all reported

patients (N ¼ 9237) allergies (N ¼ 30,627)

‘Penicillin’ 81 25
Amino-/Ureido-penicillinsy 12 4
Cephalosporinsz 6 2
Carbapenemsx 0.9 0.2
Monobactam 0.01 <0.001

y Includes: amoxicillin, amoxicillin-clavulanate, piperacillin-tazobactam and
flucloxacillin.

z Includes ceftriaxone, cefuroxim, cefepim, cefpodoxim, cefazolin, ceftazidim,
cefaclor and the generic term ‘cephalosporins’.

x Includes: imipenem, meropenem, ertapenem and the generic term ‘carbape-
nem’. BLA, Beta-lactam antibiotics.

Table 2
The top ten allergens listed as alerts in the electronic health records of 30,942 patients.

Allergen Category Number (%) of allergy
alerts (51,044)

Number (%) of allergic
patients (30,942)

Percentage of all
patients (192,244)

Beta-lactam antibiotics Drugs 9237 (18) 8621 (28) 4%
Pollens Respiratory allergens 6770 (13) 6013 (19) 3%
NSAID Drugs 3371 (7) 3035 (10) 2%
Iodinated contrast media Drugs 2094 (4) 1995 (6) 1%
Opioids Drugs 1517 (3) 1306 (4) <1%
Cat Respiratory allergens 1405 (3) 1364 (4) <1%
Bandage adhesives Contact allergens 1401 (3) 1376 (4) <1%
Fruits Edible substances 1251 (2) 1224 (4) <1%
House dust mites Respiratory allergens 1061 (2) 1021 (3) <1%
Shellfish Edible substances 919 (2) 895 (3) <1%
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chance of being tagged as allergic, with an OR of 1.002 (95% CI
1.002e1.003, p < 0.05) per hospitalization day. Besides being of
shorter duration, ER hospitalizationwere independently associated
with a lower risk of allergy tags, with an OR of 0.833 (95% CI
0.807e0.860, p < 0.05).

Discussion

We found that 16% of inpatients had at least one allergy tag.
Independent risk factors for allergies were older age, female sex
and longer hospital stays. These findings are consistent with the
literature.11

Repeated exposure to drugs in the outpatient and hospital
setting may bear the risk of becoming allergic. This may explain the
observation that allergies are more frequent with longer hospital-
ization. Another explanation could be the repeated use of the EHR
in this patient and the increase of chances to document allergies. In
this regard, we question the utility to set ‘no known allergies’ by
default in an EHR, without requiring confirmation by the doc-
umenting health care professional. Being older also increases the
probability of allergies in particular to drugs and this is a known
issue in an ageing population. The increased incidence of anaphy-
laxis in females and drug allergy in general is multifactorial. Hor-
monal and genetic factors, epigenetic may account for this
difference. Some of these assumptions have already been made in
past studies.12 Estrogens for example are believed to enhance mast
cells activation and imbalance the immune system.13,14 Data on the
female preponderance in anaphylaxis/drug allergies is rather scare
and further studies are needed.15

DH represents 60% of total labeled allergies, with BLA being the
most frequent. Around a quarter of patients with allergy tags were
listed as being allergic penicillin, representing 4% of the in-hospital
patient population. This observation is similar to a Belgian study
relating the prevalence of antibiotic allergy labels in a tertiary
center.16 The prevalence of confirmed BLA after specialized work-
up is much lower.17 Among all in-hospital patients with allergies,
less than 5% benefited from an appointment in our allergy outpa-
tient ward over the same 10 years period. Unfortunately, we do not
have data regarding specialized work-up performed in private
practice or other hospitals.

DH was responsible for the vast majority of cutaneous reaction,
angioedema and anaphylactic shock. Cutaneous reactions may
reflect immediate-type hypersensitivity (e.g., IgE-mediated) or
delayed reactions (T cell-mediated), the latter being much more
frequent. Unless the cutaneous reaction was documented by qual-
ified observers at the time of occurrence, it is most of the time
impossible to differentiate in retrospect between immediate- and
delayed-type hypersensitivity. The information on the culprit
substance and the time between exposition and symptom onset is
more easily obtained in an outpatient setting, while in inpatient
hypersensitivity reaction often occur after exposure to multiple
new drugs, which makes identification of the culprit and time of
exposure more complicated.18

The reported food allergies were mostly to fruits, suggesting
pollen-food syndrome in population with high prevalence of
sensitization to pollen allergens.19 Frequently reported allergies
were to fish and shellfish, which is in accordance with other ob-
servations in the country.20,21 One could argue on the utility to list
food allergies in allergy alerts in an EHR for in-hospital patients.
This would make sense if the information were transmitted to the
meal providers, in order to avoid exposure of in-patients to known
food allergens. However, the information regarding food allergies is
not collected systematically in the EHR, nor is information about
dietary restrictions shared with dieticians and hospital chefs.
Integration of such alerts should lie within the scope of future EHR.

Concerning allergic rhinitis and/or conjunctivitis, prevalence is
around 20% in Switzerland, compared to the 3% listed in our
records.22e24 We would argue that information on allergic rhino-
conjunctivitis is of little value in hospitalized patients. However,
would this information be systematically registered in the EHR, it
could help distinguish food allergens as likely part of cross-
reactions to aeroallergens and characterize potential asthma
triggers.

Severe asthma is indeed an important risk factor for hypersen-
sitivity reactions within the hospital setting, especially if uncon-
trolled.25e27 Prevalence of asthma is around 7% in Western
Switzerland.23 This contrasts with the observed prevalence of 2% in
our study population. Together with the observed frequency of
other respiratory and food allergies in our population, these low
prevalence rate of asthma hints at unsystematic history taking.

Anaphylaxis and severe anaphylaxis (anaphylactic shock) are
life-threatening conditions that need immediate medical care such
as adrenaline administration and supportive measures. Over the



Fig. 3. Reaction types according to the ten more frequently listed allergens in 30,627 hospitalized patients. For better visibility, reaction types listed as ‘cutaneous (unspecified)’,
‘urticaria’, ‘exanthema’, ‘eczema’, as well as ‘angioedema’ were regrouped in a single ‘cutaneous’ category. HDM, house dust mite; NSAID, nonsteroidal anti-inflammatory drugs; ICM,
iodinated contrast media.

Table 4
Severity grading according to the reported reaction type in 30,627 hospitalized
patients.

By default Mild Moderate Severe Total

Cutaneous
(unspecified)

Severe 2033 (13%) 5779 (40%) 6972 (46%) 14,784

Angioedema Severe 178 (3%) 846 (13%) 5433 (84%) 6457
Anaphylactic shock Severe 37 (1%) 149 (6%) 2453 (93%) 2639
Unknown reaction Severe 207 (9%) 562 (25%) 1356 (60%) 2125
Urticaria Moderate 121 (8%) 1408 (82%) 152 (9%) 1681
Exanthema Moderate 170 (7%) 1968 (84%) 201 (9%) 2339
Eczema Moderate 150 (10%) 1455 (85%) 93 (5%) 1698
Rhinoconjunctivis Mild 4830 (80%) 1108 (18%) 140 (2%) 6078
Asthma Moderate 438 (10%) 3570 (80%) 447 (10%) 4455
Gastrointestinal

symptoms
Moderate 383 (10%) 2956 (76%) 542 (14%) 3881

Missing Unknown 4907

Information on reaction severity was missing in 4907 allergy tags.
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ten years period, severe anaphylaxis was tagged in 2647 patients. It
is not known whether the tag corresponds to the current hospital
stay or from a previous medical record. By considering, all ‘sever
anaphylaxis’ to have happened during hospital stays, a calculated
pseudo-prevalence could be around 9/1000 patients/year. Rate
varies between studies from 3.2 per 100,000 per year to as high as
one per 100 per year in general population.28e31 Our data seems
highly overestimated but prevalence of severe anaphylaxis in
hospitalized patients is unknown. Our starting hypothesis is
certainly wrong, meaning most patients experienced severe
anaphylaxis before their hospital stays. Selection bias could also
explain this difference.

Regarding the severity of hypersensitivity reactions, the infor-
mationwas found to be subject to system- and user-based bias. We
were unable to obtain information concerning the type of health
care provider documenting allergies in the EHR (physicians, nurses,
other health care providers), which would have been interesting to
compare. Upon entering the type of reaction, the system suggests a
severity grade in the adjacent field. The person entering the in-
formation in the allergy alert has the option to change the proposed
severity grading in a scrolling menu, but is not obligated to do so in
order to record the allergy alert. Another issue is the severity
grading in listed allergies. More than 30% of all allergy tags (not
limited to DH) were listed as ‘severe’ hypersensitivity. This is in
contrast with most reactions being listed as cutaneous, which in
our clinical experience are only rarely severe. Listing reported hy-
persensitivity by default as severe may reflects apprehension of
patients and non-specialist health care provider regarding the risk
of in-hospital allergic reactions. On the other hand, the system used
did not allow specifying a history of severe delayed-type drug re-
actions, such as drug reaction with eosinophilic and systemic
symptoms (DRESS), acute generalized exanthematous pustulosis
(AGEP), Stevens-Johnson syndrome (SJS) and toxic epidermal nec-
rolysis (TEN). In our opinion, a history of severe delayed-type re-
actions deserves as much attention in an EHR allergy alert system
than prior anaphylaxis.

It is also impossible to distinguish within the allergy alert sys-
tem of the EHR whether patients with allergies had been subject to
a specialized work-up.We estimate this number to be very low. BLA
features among the most frequent DH and is a major public health
issue. Indiscriminate avoidance of BLA increases health costs and
microbial resistance. A specialized work-up including skin testing,
in vitro assays and challenges to the alternative drugs is need to de-
labeling unjustified allergy warnings. Such programs may be cost-
effective.32,33 In order to implement a de-labeling program, it is
important to identify patients with DH that were not subject to a
specialized work-up. Thus, implementing within the EHR whether
a specialist assessed the reported allergy would not only improve
the accuracy of the information gathered, but also pave the way to
systematic work-up after the hospital stay.

Our studyhas several limitations, linked to its retrospectivedesign
and potential biases. Our analysis is limited to in-hospital patients,
whichwere the ones having theirmedical data integrated in the EHR.
We cannot extrapolate the findings to the outpatient population. We
also applied a Levenshtein distance algorithm to identify allergens
that were misspelled. Extensively misspelled substances may not be
identified by thismethod. This however underlines the importance of
avoiding free-text entries for substance-based allergy alerts in EHR,
which is a major recommendation based on our findings. While the
extracted data did not offer the possibility to discriminate between
substances chosen from the integrated drug database or entered as
free text, it appeared that a substantial number of substances were
not referenced. When applying the algorithm to exclude simple
misspells in free-text entries, we observed up to 400 entries for the
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samedrug compound.Weestimatedmanual input to account for 20%
of listed substances, and probably the same amount within the drug
category. Non-referenced allergens, that is not listed within the in-
tegrated database and introduced as free text in the allergy tag may
not trigger alerts. This is an important issue for integrated prescrip-
tion systems,whichneed toprevent administrationof listed allergens
to inpatients.

Pharmacopoeia varies from country to country, as does national
institutions and corresponding laws. There is a need of standard-
ized and simplified drug databases (i.e., only one possible choice for
each molecule) which suits regional and international needs.

The strength of our study lies in the large number of patients
included and the detailed information obtained by the EHR allergy
alert system.

In our opinion, a modern allergy alert system should take into
account groups of substances that are known to trigger cross-
reaction in a sensitized subject. Thus, we believe that it is impor-
tant to include a hierarchical classification of drug substances, in
order to organize compounds according to their chemical structure
and/or known allergic cross-reactivity. As mentioned earlier, the
most frequently listed allergen is ‘penicillin’. In the vast majority of
cases, it is not possible to determine whether the term ‘penicillin’
refers to the molecule itself, the subfamily of amino-penicillin or
the BLA in general. Today, allergic cross-reactivity between peni-
cillin and other BLA is known to be limited and it appears important
to list the specific culprit, whenever possible.34 It is not only
important to distinguish between single molecules and substance
classes in drug hypersensitivity reactions according to Gell &
Coombs, but also in other types of hypersensitivity. For example,
angioedema induced by Angiotensin-converting enzyme inhibitors
warrants avoidance of all representatives of this drug family.35

Another example is NSAID exacerbated respiratory disease
(NERD), in which all non-selective cyclooxygenase-inhibitors
should be avoided.36 Future substance databases implemented in
an EHR should be able to search not only for single substances, but
also for substance groups. These alerts should be enforced by al-
gorithms taking into account the risk of cross-reactions and warn
prescribers accordingly. Comorbidities such as asthma, cardiac
failure and systemic mastocytosis should also be taken into account
in risk stratification. A comprehensive user interface with scroll-
down menus, an up-to-date list of allergens and indications
whether an allergy was subject to work-up should improve the
quality of stored information and generated alerts.

Allergic reactions are notoriously difficult to document, most of
the time due to the absence of information regarding the type,
severity and culprit involved. However, guidelines on how to
recording hypersensitivity reactions and guidance by the EHR
during the documentation process could improve the quality of
information gathered by non-specialists. Accurate data are essen-
tial for algorithms preventing exposure to culprit allergens or cross-
reactive substances in integrated prescription systems. Systemati-
cally recorded food allergies and dietary restrictions in the EHR and
transmission of this information to meal providers could further
improve in-patient safety. National implementation of electronic
patient records (EPR) encounters difficulties in many countries,
related to various issues such as the choice of interchangeable data
format, confidentiality and third-party implementation. We believe
that hospitals and their EHR providers should play a leading role in
improving allergy documentation, which ultimately will extend to
the EPR. Our next steps would be to compare our findings with
other tertiary health centers and to agree on common practices in
recording allergies, including EHR and EPR developers. Ultimately,
patient-reported allergies not subject to a specialized work-up
could benefit from de-labeling programs, which were shown to
reduce health costs and other issues with unjustified second-choice
treatments.

Conclusion

We retrieved data of 192,444 hospitalized patients over a 10-
year period, of which 16% had an allergy alert in electronic medi-
cal record. We showed older age, long hospital stays and female sex
to be major independent odds factors for in-patient allergy docu-
mentation. Among allergy alerts, ‘drugs’ was the major category
representing 60% of allergy alerts. Within this category, BLA scored
first, being referenced in 4% of studied population. Specific delab-
eling programs should be implemented to increase data reliability
and patient safety, as well as decreasing health costs. Indeed, self-
reported allergy triggers unnecessary avoidance and increase mi-
crobial resistance in the case of BLA.
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