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ABSTRACT

Background: Mislabeling patients as allergic to beta lactams poses an increased risk of
morbidity, healthcare costs, and even mortality. This study aimed to define the accuracy of medical
history, taken by a specialist, in diagnosing immediate reaction to beta lactams.

Methods: All patients labeled as allergic to beta lactam were interviewed by a specialist in allergy
and clinical immunology and defined as suspected of having a history of immediate or non-
immediate reaction. When indicated, skin tests to major and minor determinants and oral
graded challenge to the culprit drug were performed.

Results: A total of 909 patients were evaluated. A total of 798 (87.7%) were labeled as allergic to
penicillin. In 108 (11.9%) cases, the allergist suspected an immediate reaction based on clinical
history. Skin test or challenge proven diagnosis of IgE-mediated allergy to beta lactam were
significantly more prevalent in the group with an allergist's suspicion of an immediate allergy
(23.1% vs. 5%, p < 0.01). The sensitivity and negative predictive values of an anamnesis of im-
mediate reaction were high (0.9 and 0.95, respectively), but the specificity and positive predictive
value were low (0.37 and 0.23, respectively).

Conclusion: Medical history taken by an allergist can exclude immediate hypersensitivity reac-
tion, but it is not specific enough to confirm the diagnosis. Skin testing and graded challenge in
suspected cases of immediate hypersensitivity reaction are indicated.

Keywords: Beta lactam allergy, Penicillin allergy, Immediate allergy, Clinical history, IgE medi-

ated allergy
INTRODUCTION thorough clinical history, skin tests (ST) to BLs
Mislabeling patients as allergic to beta lactam
(BL) antibiotics has a major impact on morbidity,
health economics and even mortality.1,2 In order to
properly diagnose or exclude penicillin allergy, a
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major and minor determinants, and/or graded
challenge tests are needed.3 Although
mandatory, these tests, are technically
demanding, time consuming and not commonly
available.4 In cases where the clinical history is
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compatible with non-immediate allergy, the
negative predictive value is very high and oral
challenge can be performed safely with no need
for ST.5–7 Nevertheless, the accuracy of focused
clinical history, when immediate reaction to BL is
suspected, has not been evaluated previously.

The aim of this study was to determine the
predictive value of a clinical anamnesis, performed
by specialists in allergy and clinical immunology, in
the diagnosis of immediate allergy to BL.
METHODS

Patients and skin tests

All patients referred for evaluation of BL hyper-
sensitivity in our clinic underwent a thorough
anamnesis, performed by a physician specializing
in allergy and clinical immunology, which con-
sisted of a series of predefined clinical questions.
According to the information obtained from the
interview, the patients were defined as possibly
having immediate, late benign, or late severe
reactions.
Fig. 1 Study design
Patients with suspected immediate or late
benign reactions underwent prick and intradermal
ST with 0.04 mg/ml penicilloyl-poly-lysine (1:10
and 1:1), 0.5 mg/ml minor determinants mixture
(1:10 and 1:1), 20 mg/ml amoxicillin (1:10 and 1:1)
(all produced by Diater, Madrid, Spain), and
10,000 U/ml penicillin G (Teva, Israel). If the culprit
BL was different, patients were also tested (prick
and intra-dermally) with the relevant drug: 20 mg/
ml amoxicillin-clavulanic acid (Augmentin by GSK,
Brentford, UK), 2 mg/ml cefuroxime (Zinnat by
GSK), 2.8 mg/ml ceftriaxone (Rocephin, Hoffman-
La Roche, Basel, Switzerland), and 1 mg/ml cefa-
zolin (Kefazin, Vitamed, Israel). Histamine phos-
phate (histatrol 2.75 mg/ml for intradermal ST and
0.275 mg/ml for prick ST, by ALK, Washington, NY)
and phenol saline (ALK) served as positive and
negative controls, respectively. ST was considered
positive when the largest diameter wheal was
�3 mm of the negative control in the presence of
flare.

Patients who had a clinical history consistent
with a late severe reaction (ie, Stevens-Johnson
syndrome, toxic epidermal necrolysis, drug-
related eosinophilia with systemic symptoms, or
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acute generalized exanthematous pustulosis) or
fixed drug eruption were excluded from the study.
They did not undergo ST or oral challenge and
were advised to avoid BL.

Oral challenges

After written consent from the patient or care-
giver was received, challenge was done with the
culprit BL. In cases where the initial culprit BL was
unknown, challenge was done with amoxicillin.

According to their weight, patients were given
1/10 of the calculated single dose. One hour after
the initial dose, they were administered the full
calculated single dose and were observed for 2 h.
Age 23.8 � 27.70
<1 18 (1.9%)
1–18 572 (63%)
>18 319 (35.1%)

Male sex 421 (46.3%)

Culprit drug
Penicillin (76.2%)693
Amoxicillin-clavulanic acid (11.5%)105
First generation cephalosporin (3.7%)34
Second generation
cephalosporin

(4.1%)38

Third generation cephalosporin (0.9%)8
Unknown (4.6%)42
More than one drug (1.3%)12

Time from reaction to evaluation
(years)
Mean � SD 7.2 � 12.6
<1 (41.3%) 375
1-10 299 (32.9%)
10> (25.8%) 235

Type of reaction by clinical history
Immediate (11.8%)108
Late or unknown 801 (88.2%)

Clinical signs and symptoms
Rash 760 (83.6%)
Gastrointestinal 16 (1.7%)
Dyspnea 45 (4.9%)
Loss of consciousness 3 (0.3%)
Unknown 102 (11.2%)

Immediate allergy to beta lactam 65 (7.1%)

Delayed type allergy to beta
lactam

123/780
(15.7%)

Table 1. Demographics, clinical data and outcomes (N ¼ 909)
When clinical history was compatible with a non-
immediate reaction, oral challenge was per-
formed regardless of ST results (Fig. 1). When the
clinical history was suspicious for immediate
allergic reaction and positive ST, oral challenge
was not performed.

Challenges and ST were performed in the Al-
lergy Unit where trained personnel, as well as
medication and equipment to treat anaphylactic
reactions, were available at all times.

The study was approved by the local ethics
committee.

Statistical analysis

Results are expressed as frequency and per-
centage or mean and standard deviation, as
appropriate. Differences between groups were
analyzed using chi-square test for categorical data,
t-test for continuous, normally distributed variables
and Mann-Whitney test for continuous parameters
that did not have a normal distribution (for com-
parison between two groups). Differences among
3 groups were analyzed with Kruskal-Wallis non-
parametric test. P values <0.05 were considered
statistically significant. Data were analyzed using
SPSS-23 software (IBM SPSS, Armonk, NY).
RESULTS

Demographic and clinical characteristics

A total of 912 patients referred for BL allergy
evaluation to the Allergy and Clinical Immunology
Unit at Meir Medical Center from 2011 to 2018
were evaluated. Three patients with suspected late
severe reactions to BL were excluded (Fig. 1).
Demographic data are summarized in Table 1.
The mean age was 23.8 � 27.7 years. Eighteen
patients (1.8%) were younger than 1 year old and
319 (35.1%) were over 18. Most patients reported
reactions to penicillins (798, 87.7%) and 80
(8.8%) reported sensitivity to cephalosporins.
Forty-two patients (4.6%) did not remember the
culprit drug and 12 (1.3%) reported allergy to
more than one drug. Mean interval from the re-
action to clinical evaluation was 7.2 � 12.6 years.
However, 375 patients (41.3%) were referred for
evaluation less than 1 year after the suspected
allergic reaction. The most common clinical
complaint (760, 83.6%) was a rash after taking a BL.
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Based on clinical history, the physician who
examined the patient defined the response as
immediate in 108 cases (11.8%). All were referred
for ST and when ST did not show sensitivity, they
proceeded to challenge. Skin tests showed sensi-
tivity in 15 (13.8%) and immediate reaction to
challenge was observed in an additional 10 pa-
tients (10.7%) (Fig. 1).

In 801 patients suspected by history of experi-
encing a non-immediate reaction, oral challenge
was recommended regardless of ST results. A total
of 789 patients consented and were challenged.
Among them, an immediate reaction was diag-
nosed in 40 (5%) (Fig. 1).

Overall, immediate allergy to beta lactam was
diagnosed in 65 cases (7.1%). A total of 780 pa-
tients (85.8%) completed a 5-day challenge. Of
Variable
Immediate reactio

history
N ¼ 10

Age 24.2 � 2

Male sex 44 (40.7

Culprit drug
Penicillin 75 (69.4
Amoxicillin-clavulanic acid 14 (12.9
First generation
cephalosporin

9 (8.3%

Second generation
cephalosporin

13 (12.0

Third generation
cephalosporin

3 (2.7%

Unknown 5 (4.6%

Time from reaction to
evaluation

5.8 � 11

Clinical signs and symptoms
Rash 86 (79.6
Gastrointestinal 5 (4.6%
Dyspnea 26 (24.0
Loss of consciousness 1 (0.9%
Unknown 27 (25%

Positive skin test 15 (13.8

Positive oral challengea 10/93b (10

Immediate allergy to beta
lactam

25 (23.1

Table 2. Comparison according to clinical history findings. a. When clinic
was performed regardless of skin test results. b. In patients with clinical history of
patients refused oral challenge
these, 123 (15.7%) had a late rash and were
diagnosed with a delayed allergy to beta lactam.
Comparison between patients with immediate or
late response based on clinical history

Based on clinical history, the response was
defined as immediate in 108 (11.9%) patients and
non-immediate in the remaining 801. The differ-
ence between these 2 groups is summarized in
Table 2. Patients with an immediate-response type
of reaction according to clinical history tended to
be older, but this difference did not reach statisti-
cal significance (24.2 � 24.6 vs. 20.2 � 23.8 years
old, p ¼ 0.1). Symptoms of shortness of breath
(24% vs. 2.3%, p < 0.01) or gastrointestinal com-
plaints (4.6% vs. 1.3%, p ¼ 0.03) prompted the
physician to suspect an immediate reaction.
n by clinical

8

Late reaction by clinical
history
N ¼ 801

P-
value

4.6 20.2 � 23.8 0.1

%) 377 (47%) 0.2

%) 618 (76.4%) <0.01
%) 91 (11.3%)
) 25 (3.1%)

%) 25 (3.1%)

) 5 (0.6%)

) 37 (4.6%)

.1 7.3 � 12.8

%) 674 (84.1%) 0.2
) 11 (1.3%) 0.03
%) 19 (2.3%) <0.01
) 2 (0.2%) 0.3
) 75 (9.3%) <0.01

%)

.7%) 40/789c (5%) 0.03

%) 40 (5%) <0.01

al history was not compatible with an immediate reaction, oral challenge test
immediate reaction and positive ST, oral challenge was not performed. c. 12
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Likewise, when the clinical history was not clear
enough, and when the culprit drug was a cepha-
losporin, the physician tended to define the reac-
tion as immediate (25% vs. 9.3%, and 23% vs. 6.8%,
respectively, p < 0.01 for both comparisons).

Positive ST and oral challenge were significantly
more common in the group that the specialist
defined as having a history of an immediate reac-
tion (13.8% vs. 4.1%, and 10.7% vs. 5%, respec-
tively, p < 0.01).When combining the results of the
2 procedures, a diagnosis of IgE mediated allergy
to beta lactam was significantly more prevalent in
the group with a clinical history of immediate al-
lergy (23.1% vs. 5%, p < 0.01).
Comparison between immediate response by
clinical history and results of evaluation

We compared the 108 patients with a clinical
history compatible with an immediate reaction
according to the final diagnosis obtained after skin
test and oral challenge (Table 3). As noted, 25
(23.1%) with suspected immediate response by
history were eventually diagnosed as having IgE
mediated allergy to BL. The sensitivity of the
clinical history was 0.37, with a specificity of 0.9.
The positive predictive value of immediate
Variable
Positive skin

challen
N ¼ 2

Male sex 9 (36

Age >18 15 (60

Culprit druga

Penicillin 16 (52
Cephalosporin 9 (36
Amoxicillin-clavulanic acid 8 (32
Unknown 0

Time from reaction to evaluation <1
year

15 (60

Clinical signs and symptoms
Rash 22 (88
Gastrointestinal 1 (4%
Dyspnea 9 (36
Loss of consciousness 0
Unknown 1 (4%

Table 3. Immediate reaction by clinical history compared to diagnosis
reactions to more than one drug
response by anamnesis was 0.23, while the
negative predictive value was 0.95. In patients
over the age of 18 (60% vs. 36.1%, p ¼ 0.03),
and when the suspected drug was amoxicillin-
clavulanic acid (32% vs. 7.2%, p ¼ 0.003), the
physician's impression of immediate reaction was
more accurate. When less than a year had
passed from the reaction to the clinical
evaluation, the physician's conclusion according
to the anamnesis was more accurate, but this
difference did not reach statistical significance
(60% vs. 39.7%, p ¼ 0.1).
DISCUSSION

This study focused on the efficacy of the initial
clinical history intake taken by a specialist in allergy
and clinical immunology for the diagnosis of im-
mediate allergy to BL. When the allergy expert did
not suspect an immediate reaction, in most cases
the diagnosis was in accordance with the objective
results of ST and challenge. On the other hand, not
surprisingly, the percentage of cases in which the
test results were positive for IgE mediated allergy,
although low, was found to be significantly higher
when the physician suspected that it was an im-
mediate allergy.
test/oral
ge
5

Negative skin test/oral
challenge
N ¼ 83

P-
value

%) 35 (42.1%) 0.6

%) 30 (36.1%) 0.03

%) 59 (71%) 0.6
%) 16 (19.2%) 0.1
%) 6 (7.2%) 0.003

5 (6%) 1

%) 33 (39.7%) 0.1

%) 64 (77.1%) 0.4
) 4 (4.8%) 1

%) 17 (20.4%) 0.1
1 (1.2%) 1

) 26 (31.3%) 0.004

after testing. a. Five patients in each group reported having allergic
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To date, few studies have discussed the efficacy
of clinical history intake by a specialist, regarding
drug allergies in general, and BL allergy in specific.
Green et al found poor efficacy of anamnesis for
allergy to penicillin in a large group of patients with
penicillin allergy labeling.8 However, they did not
differentiate between immediate and non-
immediate allergy, and in most patients, the suspi-
cionwas not provenwith an oral challenge. Another
retrospective work found no correlation between
focused anamnesis and ST results or oral chal-
lenges in a small group of patients with penicillin
allergy.9 Accordingly, the accepted approach was
that in cases of BL allergy labeling, the clinician
cannot rely on the clinical history alone, and ST
followed by oral challenge are mandatory.3 Lately,
this approach has been reevaluated, especially in
the pediatric population with a clinical history of
non-immediate reactions to BL.5–7,10,11 Results of
a large prospective study conducted in our
institution that focused on patients with a clinical
history of non-immediate reaction to BL were
recently published. In this population of children
and adults, we found that there is no need to
perform ST, and a direct oral challenge is safe and
efficient.5 In line with these findings, Gruchalla and
Pirmohamed proposed performing a direct graded
oral challenge in cases compatible with a delayed
maculopapular rash by clinical history.12 In a
recent report, Krishna and Misbah suggested
using a computerized system to evaluate the risk
of patients with suspected penicillin allergy
according to a predefined algorithm,13,14 which
differentiates between low- and high-risk patients,
based on clinical history. It has been suggested that
this system will assist non-specialist healthcare
workers. The proposed algorithm was based on a
cohort study with 231 patients that showed, as we
did in the current study, high negative predictive
values — 94% in low-risk patients and 83% in high-
risk patients.

In accordance with our findings, a recent review
on penicillin allergy in the New England Journal of
Medicine, noted that a detailed history, taken by
physicians specializing in allergy and clinical
immunology, is proposed as a pivotal step in the
diagnosis and evaluation of BL allergy.15

In this paper, we focused on a group of patients
about whom a physician specialist in allergy and
clinical immunology was convinced their clinical
history is compatible with immediate reaction to
BL.We found that the positive predictive value and
specificity related to the physician's conclusion
were very low. However, the 0.95 negative pre-
dictive value and the 0.9 sensitivity were very high.

The findings presented here support the notion
that while a clinical history compatible with an
immediate allergy to BL is not sufficient for diag-
nosis, the absence of such anamnesis almost
completely negates the likelihood that the patient
has an immediate type allergy to BLs.

The current study reinforces our previous rec-
ommendations5 and shows that in cases where the
clinical history does not indicate the likelihood of
an immediate response, the risk of performing a
direct challenge is minimal.

The low positive predictive value and speci-
ficity found in our study can be explained in
several ways. The clinical impression was found to
be less accurate when a longer period had
elapsed from the initial reaction to the clinical
workup. The passage of time tends to obscure the
details the patient delivers to the physician. It is
also known that allergic reactions to BL tend to
decrease with time.16 The clinical conclusion was
found to be more accurate in adults. It can be
hypothesized that, when anamnesis is delivered
directly by the patient and not by the caregiver,
clinical data tend to be more exact. In addition,
when the culprit drug was amoxicillin-
clavulanate or a cephalosporin, the clinical
impression was more precise. One can assume
that when the culprit drug is a less commonly
prescribed medication, the impression of the re-
action is more memorable and clinical data tend
to be more accurate.

In order to confirm an allergy to drugs in gen-
eral and to define its specific nature, a graded
challenge must be performed. In this study, pa-
tients with a clinical history of an immediate reac-
tion and positive ST, were not challenged due to
safety and ethical reasons. One can assume that a
portion of these patients may not be allergic,
which might bias our results. However, because
only a few patients had a positive ST, this is unlikely
to substantially affect our conclusions.

The main advantages of the data presented
here are that we prospectively evaluated a large
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cohort of patients labeled as allergic to BL and that
the evaluation was done systematically, by spe-
cialists in allergy and clinical immunology.

In conclusion, this study presents the results of
an evaluation of a large cohort of patients labeled
as allergic to BL. A focused clinical intake, done by
a specialist in allergy and clinical immunology, is
not sufficient for diagnosis but can safely exclude
patients with an immediate allergy to BL. Skin
testing and graded oral challenges are still the
gold standard methods for diagnosing an imme-
diate reaction to BL.
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BL, Beta lactam; ST, Skin tests.
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