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Abstract

Objective: To assess the safety of penicillin allergy evaluation and testing in obstetric patients utilizing oral drug challenges with or without
prior penicillin skin testing (PST) depending on characteristics of the patient’s medication reaction, and to determine whether removal of the
drug allergy label led to an increased use of guideline-recommended antibiotic prophylaxis for group B Streptococcus (GBS).

Design and Setting: This retrospective cohort study evaluated obstetric patients cared for at the University of Iowa Health Care who were
identified as having a penicillin allergy label between June 1, 2021 and July 1, 2023.

Patients: A total of 728 patients were identified to have a penicillin allergy and 299 patients were seen in the drug allergy clinic (DAC) for
allergy evaluation.

Results: Of patients seen in the DAC for allergy evaluation, 270 (90.3%) had their allergy de-labeled after undergoing an oral drug challenge
with or without PST. No patients experienced an IgE-mediated anaphylactic reaction to an oral drug challenge. Patients received penicillin G
more often for GBS prophylaxis during labor when they had their drug allergy removed in the DAC compared to those who were not seen for
allergy evaluation (87.5% vs 24.5%, P< 0.001).

Conclusions: This study supports the safety of drug allergy testing in obstetric patients. Most patients are appropriate candidates for a direct
oral challenge only or PST followed by an oral challenge. Identifying and testing penicillin allergic obstetric patients prior to delivery resulted
in an increase in use of first-line guideline-recommended antibiotic prophylaxis for GBS during labor.

(Received 19 December 2024; accepted 12 April 2025)

Introduction

Penicillin allergies are reported by approximately 10% of patients.
However, clinically significant IgE-mediated penicillin hyper-
sensitivity reactions are found in <5% of patients.1 True
IgE-mediated allergic reactions to penicillin often present with
rapid onset of urticaria, respiratory distress, angioedema, and/or
hypotension after exposure, and may lead to anaphylaxis. Many
patients are inappropriately labeled as penicillin allergic for various
reasons, including experiencing an adverse drug effect such as
nausea, vomiting, or diarrhea, rather than an allergic reaction.

Additionally, approximately half of patients with a true
IgE-mediated penicillin allergy lose sensitivity five years after
reacting, and 80% lose sensitivity in 10 years.1,2 There are many
barriers and limitations to addressing penicillin allergy labels,
including accessibility of formal drug allergy evaluations, provider
time constraints, lack of education, insufficient training, and
patient hesitation to challenging their drug allergy label.3 Thus,
providers generally avoid prescribing beta-lactam antibiotics if a
penicillin allergy label is present.1,4

The American College of Obstetricians and Gynecologists
(ACOG) recommends the use of intravenous penicillin G for
intrapartum group B Streptococcus (GBS), a common gram-
positive organism that colonizes the genitourinary tract.5 Women
are screened for this between 36- and 37-weeks gestational age. It is
estimated that 10% to 30% of pregnant women are colonized at any
given time, which increases the risk of intraamniotic infection,
endometritis, preterm labor, and stillbirth. Additionally, GBS can
be transmitted to the fetus at the time of labor and delivery
resulting in infection of the newborn. This can lead to
complications such as apnea, need for blood pressure support
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and need for neonatal intensive care, as well as neonatal death.6

Antibiotic prophylaxis with intravenous penicillin G during labor
reduces the likelihood of transmission of GBS to the fetus.
Penicillin G is preferred due to its narrow spectrum of activity
against gram-positive bacteria, which reduces the likelihood of
resistance by other vaginal organisms.5 For women with a listed
penicillin allergy, cefazolin is the preferred alternative. Although
cefazolin is also a beta-lactam antibiotic, its structure creates a low
risk for cross-sensitivity and updated guidelines support the use of
cefazolin for patients with a penicillin allergy label, regardless of
their reaction history.1 However, this is a fairly new concept and
some obstetricians may feel more comfortable using clindamycin
or vancomycin for patients with a more severe penicillin allergy.5,7

As these agents provide broad spectrum coverage, antibiotic
resistance and the potential for adverse drug reactions are a
concern.1,4

Given the large percentage of patients that may be able to
tolerate a penicillin despite having a penicillin allergy label, allergy
evaluation and testing is now recommended for pregnant women.8

As this practice has grown over the last fifteen years, literature is
available regarding rates of allergy de-labeling in pregnancy.8–13 At
our healthcare system, the allergy/immunology division has
worked with obstetricians, the antimicrobial stewardship team,
and pharmacy to address evaluating penicillin drug allergies in
obstetrics patients. In June 2021, through a joint effort that also
included representatives from the hospital information technology
team, an electronic medical record (EMR) best practice advisory
(BPA) was implemented to recommend and assist with referral of
obstetric patients who report a penicillin allergy to an outpatient
drug allergy clinic (DAC) (Figure 1). The purpose of this study was
to evaluate the safety of penicillin allergy evaluation and testing in
obstetric patients utilizing oral drug challenges with or without

prior penicillin skin testing (PST) depending on characteristics of
the patient’s medication reaction, and to determine whether
removal of the drug allergy label led to an increased use of first-line
guideline-recommended antibiotic prophylaxis for group B
Streptococcus (GBS).

Methods

We conducted a single-center, retrospective cohort study of
obstetric patients identified by an EMR BPA to have a penicillin
allergy label between June 30, 2021 and July 1, 2023. Approval to
conduct the study was obtained from the University of Iowa
Institutional Review Board.

In the DAC, patients were asked to provide a detailed history of
their reaction to the penicillin derivative. If the characteristics of
the drug reaction suggested a recent or severe IgE-mediated allergy,
it was recommended that the patient undergo PST with penicillin
G and Pre-Pen® (benzylpenicilloyl polylysine). If testing was
negative, the patient underwent a subsequent single-dose oral drug
challenge to amoxicillin or a penicillin derivative, with observation
for 30 minutes. Patients with a lower risk allergy, defined as a
benign cutaneous reaction, such as amorbilliform drug eruption or
isolated urticaria, that occurred more than 5 to 10 years earlier,
were offered the option to undergo a direct drug challenge to a
penicillin with observation for 60 minutes, without prior skin
testing. This practice is supported by literature and the 2022
updated Drug Allergy Practice Parameter.1 Although this
parameter was released during the period of study, clinicians in
the DAC used this as a practice standard for several years
beforehand. The type of testing employed was determined by the
type and severity of reaction, time since the reaction occurred, and
patient preference. If the patient had a negative PST and

Figure 1. Best Practice Advisory. The best practice advisory (BPA) created at our institution to alert obstetric staff of a pregnant patient’s penicillin allergy.
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subsequent direct drug challenge with no reaction, tolerated a
supervised direct drug challenge alone, or if based on history alone
the label was deemed not to be an allergy, the allergy label was
removed from the patient’s medical record. Patients who reported
a cephalosporin allergy in addition to a penicillin allergy
underwent evaluation of the cephalosporin allergy, generally
during a second appointment. The focus of this study, however,
was the results of the penicillin allergy evaluation. Patients who
were not seen in the DAC were categorized based on the penicillin
drug allergy label that was recorded in the EMR.

GBS status prior to delivery and information about labor and
delivery was collected from the EMR for all patients for whom the
BPA alert was triggered by July 1, 2023 and who delivered by
November 1, 2023 if these details were known. Labor and delivery
information included the date and type of delivery, the choice of
prophylactic antibiotic(s) and reason(s) for use, any adverse drug
reactions for chosen antibiotics, and newborn culture results
within 7 days of delivery. For women who had more than one
delivery in the two-year time frame, only the first delivery that
occurred after being evaluated in the DAC was included. We
compared the antibiotic prophylaxis used during labor and
delivery by patients who were seen in the DAC and de-labeled,
those who were seen but not de-labeled, and those for whom the
BPA fired but were not seen in the DAC. We also calculated a
validated PEN-FAST Score to help stratify the risk of a patient’s
drug allergy.13

The primary outcome was the percentage of obstetric
patients seen in the DAC with a reported penicillin allergy
who safely underwent oral drug challenge with or without prior
PST. Secondary outcomes included the percentage of patients
seen in the DAC who were able to have their penicillin allergy
removed and the percentage of patients able to use first-line
guideline-recommended therapy for GBS prophylaxis because
of allergy label removal by the DAC. Additionally, we assessed
the rate of neonatal GBS colonization or infection in the first
7 days of life.

Data were collected utilizing Microsoft Excel and analyzed with
IBM SPSS Statistics (Version 29). We used Student’s t-test, Chi-
Squared as well as Fischer’s exact tests for data analysis. A P value
of ≤0.05 was considered statistically significant.

Results

During the study period, the BPA fired for 728 patients who were
seen in one of the seven obstetric clinics within our health care
system. The demographics and allergy history of the patients seen
in the DAC and those who were not seen were similar (Table 1). A
referral was placed for 549 (75.4%) patients for whom the BPA
fired, and 299 (41.1%) were seen in the DAC, while 429 (57.4%)
were not seen in the DAC for various reasons (Appendix 1). Most
of the patients seen in the DAC were in the third trimester of
pregnancy, had a reaction during childhood, and were at low risk
for a positive penicillin allergy test based on their PEN-FAST score
(Table 2).

Of the 299 patients evaluated in the DAC, the majority of
patients were able to undergo direct oral challenge (Figure 2).
Thirty-two patients (10.7%) did not undergo further evaluation
for various reasons, the most common being the ability to rule
out an IgE-mediated reaction based on history. A total of 108
PSTs were performed and 105 (97.2%) were negative. One
hundred of the patients with a negative skin test went on to do
an oral drug challenge and 5 patients declined an oral drug

challenge with plans to return for testing after pregnancy due to
personal preference or time constraints. Two hundred fifty-nine
patients underwent an oral challenge with amoxicillin (95.4%),
amoxicillin/clavulanate (4.2%), or penicillin VK (0.4%). Two
hundred fifty-six (98.8%) patients had no reaction to the
challenge and 3 (1.2%) patients had an observed reaction after
the challenge. None of the patients that had a reaction to the oral
challenge had anaphylaxis and thus, no patient required
epinephrine. Two hundred seventy (90.3%) patients had their
drug allergy label removed after being seen in the DAC. Twenty-
nine patients were not de-labeled for various reasons (Table 3),
including 3 with a positive skin test, and 3 that had an immediate
reaction to the oral challenge (Table 4).

Screening results for GBS were obtained for 615 of the 728
BPA-identified patients. There were 113 patients with unknown
GBS status at the time of delivery due to various reasons,
primarily early delivery prior to GBS testing or late pregnancy
care at an outside hospital. One hundred and one (16.4%)
required GBS prophylaxis due to GBS PCR positivity or
unknown GBS status at delivery. This excludes patients who
underwent planned cesarean delivery as GBS prophylaxis was
not indicated. Of the 48 patients requiring GBS prophylaxis who
were previously seen in DAC, 42 (87.5%) received penicillin G.
Significantly more patients seen in the DAC compared to those
not seen in the DAC received penicillin G (87.5% vs 24.5%,
P < 0.001). The majority of patients not seen in the DAC
received cefazolin (54.7%) for GBS prophylaxis and 10 received
second-line antibiotics including vancomycin (17%) or clinda-
mycin (1.9%). It should be noted that 14 patients not seen in the
DAC received a penicillin (Figure 3). The reasons for ordering a

Table 1. Demographics

Demographics
Seen in DAC

n= 299
Not Seen in DAC

n= 429 P-value

Mean Age – Years (Range) 30 (18–44) 29 (16–47) 0.46

Medication Allergy – n (%)

Amoxicillin 92 (30.8) 132 (30.8) 1.0

Amoxicillin/clavulanate 27 (9.0) 30 (7.0) 0.31

Dicloxacillin 1 (0.3) 0 0.41

Penicillin 157 (52.5) 104 (24.2) <0.001

Piperacillin/tazobactam 2 (0.7) 1 (0.2) 0.57

Unknown penicillin derivative 20 (6.7) 162 (37.8) <0.001

Reaction – n (%)

Anaphylaxis 4 (1.3) 17 (4.0) 0.04

Angioedema 22 (7.4) 37 (8.6) 0.54

Dizziness 2 (0.7) 4 (0.9) 1.0

Erythema 6 (2.0) 1 (0.2) 0.02

Urticaria (Hives) 131 (43.8) 176 (41.0) 0.45

Nausea/vomiting/diarrhea 16 (5.4) 43 (10.0) 0.02

Pruritis 39 (13.0) 14 (3.3) <0.001

Rash 126 (42.1) 149 (34.7) 0.04

Respiratory 13 (4.3) 7 (1.6) 0.03

Other 21 (7.0) 14 (3.3) 0.02

Unknown 26 (8.7) 43 (10.0) 0.55
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penicillin derivative despite the allergy label are unknown. No
patients had a drug allergy reaction after administration of an
antibiotic during labor. Additionally, none of the infants of
mothers who were GBS positive had cultures that were positive
for GBS in the first 7 days of life.

Discussion

The purpose of this study was to evaluate the safety of penicillin
allergy evaluation and testing in obstetric patients utilizing oral
drug challenges with or without prior penicillin skin testing (PST)
depending on characteristics of the patient’s medication reaction,
and to determine whether removal of their drug allergy label led to
an increased use of guideline-recommended antibiotic prophylaxis
for GBS if indicated. Our study supports the concept of penicillin
allergy testing and adds to the literature on the safety of drug
allergy testing during pregnancy specifically. The rate of allergy de-
labeling was consistent with other studies.8,10–13 In September
2022, the updated Drug Allergy Practice Parameter was released
and de-emphasized skin testing prior to oral challenge.1 While this
practice was undertaken in the DAC prior to the Parameter release,
an increase was seen after the release; in this study, 68% of patients
underwent a direct oral challenge after the release, compared to
33.3% of patients seen prior to the release. This was a unique
feature of our study, with over half (53.2%) of patients undergoing
a direct oral challenge without prior PST over the entire study
period. We did not see a difference in the type of allergy testing
completed based on trimester of pregnancy. Only 6 of our patients
had a true penicillin allergy after evaluation, 3 with positive skin
testing and 3 with a reaction after the oral challenge. Only 2
received antihistamines in clinic, and none developed anaphylaxis
or required hospitalization. Additionally, none of the patients who
required GBS prophylaxis had an allergic reaction to the antibiotic
during labor and delivery.

Our results demonstrate that the use of first-line antibiotic
prophylaxis for GBS was increased in patients who were seen in the
DAC, as most patients who reported penicillin allergies were not
truly penicillin allergic or had lost sensitization through time decay.
In our study, 270 (90.3%) patients were de-labeled after consultation
in the DAC. As a result, 42 of the 48 patients whose penicillin
allergies were de-labeled and for whom GBS prophylaxis was
indicated received penicillin G at delivery and 1 received another
type of penicillin. Notably, the most frequently administered
medication for patients not seen in clinic was cefazolin, which is a
cephalosporin and beta-lactam antibiotic. Based on literature
demonstrating an extremely low cross-reactivity rate, and changes
to guidelines, our institution approved an update to our institutional
beta-lactam allergy guideline in September 2021.1,9 The guideline
suggested that cefazolin can be utilized in the setting of a penicillin
allergy, regardless of the severity of the reaction. This was
communicated hospital-wide, with particular targeting of surgical
staff. This likely contributed to an increase in cefazolin utilization in
our patient population and a decrease in the use of clindamycin and
vancomycin. These results indicate that de-labeling patients prior to
delivery does increase the use of first-line prophylaxis. The reduction

Table 2. Allergy information for those seen in drug allergy clinic

n= 299 (%)

Trimester of Pregnancy

First (wk 1–13) 2 (0.7)

Second (wk 14–27) 121 (40.5)

Third (wk 28–40) 176 (58.9)

Age Reaction Occurred

<10 yr old 194 (64.9)

10 to 17 yr old 34 (11.4)

≥18 yr old 50 (16.7)

Unknown 16 (5.4)

Never exposed 5 (1.7)

Years Since Reaction

<6 yr 16 (5.4)

6 to 10 yr 22 (7.4)

>10 yr 240 (16)

Unknown 16 (5.4)

Never exposed 5 (1.7)

Time into Antibiotic Course

<2 h 22 (7.4)

2 to 23 h 34 (11.4)

24 to 48 h 14 (4.7)

>48 h 42 (14.0)

PEN-FAST Score*

0 (very low risk) 63 (21.1)

1-2 (low risk) 178 (59.5)

3 (moderate risk) 51 (17.1)

4-5 (high risk) 6 (2)

*PEN-FAST Score: 0 (very low risk of positive penicillin allergy test <1%), 1-2 (low risk of
positive penicillin allergy test 5%), 3 (moderate risk of positive penicillin allergy test 20%),
4-5 (high risk of positive penicillin allergy test 50%)13

Figure 2. Testing done in the drug allergy clinic. Testing completed during drug
allergy evaluation. PST: Penicillin Skin Testing.

Table 3. Reason patient was seen but not de-labeled (n= 29)

Reason Patient Was Seen But Not De-labeled Number of Patients (%)

Patient declined testing 10 (34.5)

Patient deferred evaluation 6 (20.7)

Possible type IV reaction 5 (17.2)

Positive PST 3 (10.3)

Reaction to oral challenge (<6 h) 3 (10.3)

Patient request to leave as allergy 2 (6.8)
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Table 4. Patients with positive oral challenge or penicillin skin testing results

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Age 20 28 27 20 31 24

Trimester 2 2 2 1 2 2

Medication Allergy Amoxicillin/Clavulanate Penicillin Penicillin Amoxicillin Penicillin Amoxicillin/
Clavulanate

Age Reaction
Occurred

11 to 17 <10 <10 <10 <10 Unknown

Years Since
Reaction

1 to 5 >10 >10 >10 >10 Unknown

Initial Reaction Itchy and tight throat,
hives, pruritis

Hives Shortness of breath, hives Angioedema,
respiratory
symptoms,
hives

Hives Hives, rash

Time into
Antibiotic

2 to 24 <2 >48 <2 Unknown Unknown

Medications
Required for
Treatment of
Initial Reaction

Antihistamines Antihistamines Unknown Unknown None Antihistamines

Similar Antibiotic
Taken Since Initial
Reaction

No Yes – Amoxicillin and had
same reaction

No No No Yes –
Amoxicillin
and had same
reaction

PEN-FAST Score 5 (High Risk) 1 (Low Risk) 3 (Moderate Risk) 5 (High Risk) 0 (Low Risk) 3 (Moderate
Risk)

Testing Completed PST and subsequent
amoxicillin 500 mg oral
challenge with planned
30 min observation;
kept for an additional
30 min

Amoxicillin 500 mg oral
direct challenge with
planned 1 h observation;
kept for additional 30 min

Amoxicillin 500 mg oral direct
challenge with 1 h observation;
kept for additional 30 min due
to abdominal cramping

PST only PST only PST only

Results of PST Negative N/A N/A Prick Testing
• Pre-Pen:
positive

• Penicillin G:
negative

Prick Testing
• Pre-Pen:
negative

• Penicillin G:
positive

Prick Testing
• Pre-Pen:
negative

• Penicillin G:
negative

Intradermal
Testing†

• Pre-Pen:
positive

• Penicillin G:
negative

Reaction to Oral
Challenge

Singular 10 mm hive
during 60 min
observation. No
treatment given.*

Singular hive during 60
min observation and a
few more that evening.
She took
diphenhydramine and it
resolved by the morning.

Allergy removed, but reported
severe itching, facial rash, eye
swelling, and vomiting ∼30 min
after leaving clinic. Went to the
local ED and got
diphenhydramine. Called the
next day reporting itchiness and
a dry/numb throat, but no
respiratory distress.
Recommended ED visit with no
record of evaluation. Saw OBG
the following day who
re-labeled the allergy.

N/A N/A N/A

Allergy Label Updated to reflect true
allergy

Updated to reflect true
allergy

De-labeled, then re-labeled to
reflect true allergy

Updated to
reflect true
allergy

Updated to
reflect true
allergy

Updated to
reflect true
allergy

GBS Screening
Result

Positive Negative Negative Unknown Negative Unknown

GBS Treatment
Used

Not indicated due to
cesarean delivery and
so received cefazolin

N/A N/A Unknown N/A Vancomycin

*Patient had a negative skin test and still developed 1 round lesion on her palm in the 30 min observation.
†She experienced a wheal to skin prick testing to both penicillin G and Pre-Pen, however, she also had a wheal with her negative control (though not as impressive as the antibiotic component).
Given this, we opted to proceed with intradermal testing (non-duplicative). This returned positive to Pre-Pen. This is indicative of continued sensitization to penicillins.
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in the use of second-line antibiotics is important because, although
these agents can be effective for prophylaxis, they have toxicities
such as ototoxicity and nephrotoxicity. These toxicities can lead to
longer hospital stays and readmissions. Additionally, the use of
broader spectrum antibiotics can lead to antibiotic resistance which
can lead to difficulty treating infections later in life. However, these
antimicrobial stewardship efforts to support the use of cefazolin for
penicillin allergic patients was a potential confounder during the
study period. In addition to decreasing the use of broader spectrum
antibiotics, it may have decreased the obstetrician’s desire to place a
DAC referral, given that they could give cefazolin to penicillin
allergic patients for GBS prophylaxis or for cesarean delivery
prophylaxis. Regardless of the antibiotics used, we saw no cases of
early-onset neonatal GBS.

One limitation of our study is that it was likely underpowered to
see an impact on the incidence of neonatal GBS colonization. A
second limitation was that we only could rely on the description of
the allergy label in the EMR for patients who were not seen in the
DAC. A third limitation is the majority of patients referred to the
DAC were not seen for various reasons, most of which were
unknown. Some reasons include no-shows, cancelling appoint-
ments, and inability to schedule patients (either due to limited clinic
availability prior to delivery or personal conflicts with the DAC
schedule). Additionally, we are a referral institution from other
remote obstetric offices formore complex patients, which is a barrier
for a DAC visit. Lastly, the current workflow in the DAC does not
include any steps to remove a patient’s drug allergy from outside
EMRs and pharmacy dispensing systems. If our patients were to
deliver at another hospital, they may not receive penicillin G or
cefazolin due to the drug allergy remaining on their local chart.
Patients are given a drug allergy wallet card to show their providers
and pharmacies that they no longer have a penicillin allergy, but this
may not always be done. It could be beneficial to call or fax a patient’s
primary care provider and pharmacy after their appointment to
discuss removing the drug allergy in their system.

Our study reinforces the safety of drug allergy testing in
obstetric patients. Most patients are appropriate candidates for a
direct oral challenge only or PST followed by an oral challenge.
Most of these patients (90.3% in our study) will have their drug

allergy label removed and only a small number will have evidence
of a true IgE-mediated reaction (2.0% of the patients seen for drug
allergy testing in our study). Additionally, the likelihood of
anaphylaxis in response to drug allergy testing or with subsequent
penicillin use during labor and delivery after de-labeling is rare
(affecting no patients in our study). Overall, evaluation in the DAC
led to increased use of first-line GBS prophylaxis. This study
highlights the work of an interdisciplinary team to create and
implement a BPA that assisted in effecting a change in practice.
This required collaboration between obstetricians, allergists,
infectious diseases specialists, pharmacists, nurses, medical
assistants, and healthcare information technologists to succeed.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ash.2025.10033.
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