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80 ABSTRACT
81 Background: Penicillin and other beta-lactam antibiotics aeommended for Group Btreptococcus
82 (GBS) and Caesarian section prophylaxis, but apmprabely 10% of pregnant patients report a penicilli

83 allergy.

84 Objective: To assess the safety and impact of proactive flenallergy evaluation in pregnant patients.

85 Methods: This was a retrospective electronic health receview of obstetrician-ordered

86 Allergy/Immunology (Al) electronic consultations-¢ensults) from September 20, 2017 through

87 December 31, 2019. For patients whose e-consutrrer=nded an in-person Al evaluation, testing

88 outcomes were determined, and multivariable lagigtgression models were used to compare antibiotic

89 use between patients who did and did not receiva-person Al evaluation.

90 Results. Of 389 obstetrician-ordered e-consults, 363 (98%¢dmmended an in-person Al evaluation; of
91 these, 222 (61%) patients received an in-persoevAluation. Of 220 (99%) patients skin tested, 209
92  (94%) had their penicillin allergy label safely remed. Compared to patients who did not receivenan i
93 person Al evaluation despite it being recommended41), patients with in-person Al evaluation had
94  reduced peripartum vancomycin (aOR 0.07 [95% C1,00083]), clindamycin (aOR 0.17 [95% CI 0.08,
95  0.34]), and gentamicin (aOR 0.39 [95% CI 0.19, ]).d8e and increased penicillin (aOR 17.95 [95% CI
96 6.30, 51.16]) use. The fully Al evaluated patiemasl increased first-line antibiotic prophylaxis @GBS

97 (aOR 26.87 [95% CI 6.32, 114.33]) and CesareanosedOR 1.94 [95% CI 1.06, 3.52)).

98 Conclusion: In a sample of 220 pregnant patients with peimcéllergy histories and in-person Al
99 evaluation, penicillin allergy testing was safe asdociated with significantly reduced broad-spaatr

100 antibiotic use and increased first-line beta-lactantibiotic use.

101
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HIGHLIGHTSBOX

What isalready known about thistopic?
First-line treatments for many infections in pregoyaare beta-lactam antibiotics, particularly palivic

Although 10% of patients have a reported penicdliergy, >90% of them are not allergic.

What doesthisarticle add to our knowledge?

Following 389 electronic-consults, 222 (57%) pregrnaatients with a penicillin allergy history had a
in-person Allergy/lImmunology evaluation, and 209%® had their penicillin allergy label removed.
Compared to patients who did not receive an ingeefslergy/Immunology evaluation despite it being
recommended by electronic-consult, fully evalugiatients had reduced broad-spectrum antibiotic use

and a 27-fold increased first-line penicillin prgfaxis for Group BStreptococcus

How does this study impact current management guidelines?
Penicillin allergy evaluation was safe in the thiichester of pregnancy and was associated with an

increased use of recommended antibiotics.
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INTRODUCTION

Although 32 million Americans report penicillin etyy, less than 0.1% of these patients see an
allergist for penicillin allergy evaluatior?. Penicillin allergy evaluation, which includes toig/-
appropriate penicillin skin testing and/or oral agdlin challenge, is safe in the general populati
removal of the penicillin allergy label (“delabedii) is possible in up to 95% of patients with
unconfirmed penicillin allergy histories and is@sated with shifts in antibiotic use towards pdliis
and other beta-lactam antibiotit5Previously, concerns about the safety of penicilkin testing,
anaphylaxi$,and epinephrine uSe pregnancy precluded allergy testing in pregmestnen. However,
severe allergic reactions, such as anaphylaxisaae® and initial studies demonstrated tolerance of
penicillin skin testing and subsequent penicillge in pregnant womett’ However, the safety of
penicillin skin testing followed by oral challengepregnant patients has only been evaluated il sma
cohorts to date.

A history of penicillin allergy in pregnant patieris associated with increased exposure to broad-
spectrum antibiotics, increased cost of care, agtieh rates of adverse outcomes, such as new &dvers
drug reactions and longer hospitalizatichBeta-lactam antibiotics are first-line agentsdatibiotic
prophylaxis and treatment during the peripartuniogeiGroup BStreptococcu$GBS) is the leading
cause of infection in newborni&the primary risk factor for GBS infection is colpation of the
genitourinary tract of the mother, which occurd @ to 30% of womef** Since guidelines were
introduced to use penicillin antibiotics to tred@&in the mother, neonatal infection rates declimgd
80%: Similarly, in 2018, approximately one-third of ikeries in the United States (US) were by
Caesarian section (C-sectidi¥or which cefazolin is recommended to prevent Baigite infections
because of its saféfy*’ and effectivenes$:*® Because the use of penicillin and other beta-tastis
important for pregnant patierf§3*the American College of Obstetricians and Gynegists (ACOG)
encourages penicillin allergy testing in pregnaattgmts with a reported penicillin allergy.

The Massachusetts General Hospital (MGH) Departmoiedtstetrics and Gynecology delivers

more than 3,500 babies per year, and 12.8% ofratie our hospital system have a reported peimicill
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allergy?* As such, we designed a feasible program to roytared proactively evaluate obstetric patients
with a reported penicillin allergy. In this studye present our electronic consultation (e-congutipram
design and assess the safety and effectivenesspefson Allergy/Immunology (Al) assessment on

peripartum antibiotic utilization.

METHODS
MGH Al Program for Penicillin Allergy AssessmenfObstetrics

E-consults are asynchronous, clinician-to-clinicéchanges that rely exclusively on information
in the patient’s electronic health record (EHRElare designed to provide focused, patient-specifi
clinical guidance for non-urgent questions. THermréing provider enters an order in the EHR, whiikch
transmitted directly to the “In basket” of the sjadist. The specialist reviews the clinical questin the
order as well as relevant information in the pdteeEHR and provides recommendations in the form of
an EHR note. The referring provider is ultimatedgponsible for the patient’s care, including
incorporating e-consult recommendations.

MGH Al began e-consults in August 2038n September 2017, a new e-consult template was
established to launch a new program evaluatingebispatients with reported penicillin allergidsl
pregnant patients with a reported penicillin allevgere eligible to receive an e-consult, which tmabe
requested by their obstetrician. E-consults werepteted by a board-certified allergist (ARW, AB,
KGB) who, based on the patient’s allergy historgiable in the EHR, determined eligibility for in-
person Al evaluation and conveyed antibiotic rec@ndations. The e-consult system was the only
system for MGH Obstetrics to refer to MGH Al.

E-consult recommendations for obstetric patientk @ireported penicillin allergy followed a
structured approach. Referring obstetricians wdwisad that penicillin could be used, if indicated,
without need for Al assessment for patients wittistory of penicillin intolerances, such as
gastrointestinal side effects, headaches, or fatiBeferring obstetricians were advised to avdideth-

lactams for patients who experienced a severeiogastich as Stevens-Johnsons Syndrome or drug
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reaction with eosinophilia and systemic symptomsgourrent reactions to penicillins/beta-lactaf.
patients with a potentially immunoglobulin (Ig)E-digted reaction, such as hives, angioedema,
anaphylaxis, respiratory complaints, or any typeash, within the last 5 years, referring obst&tris
were advised to avoid penicillin. Patients withademtially IgE-mediated reaction greater than Syea
ago were advised to proceed with in-person Al eatéda for history-appropriate penicillin skin tewdi
and drug challenge in the third trimester. Patigntis unknown reactions that occurred 5 or morayea
ago were also advised to come for in-person Alatadn. Regardless of whether patients presented fo
the recommended in-person Al evaluation, the e«dbnscommendation for patients with potentially
IgE-mediated reactions more than 5 years ago eagedrcefazolin use, if needed, by direct
challengef/test dose proceddteFive years was chosen as the time period worihvestigation of the
allergy history given: 1) the waning natural higtof penicillin allergy?’? 2) lack of minor determinants
available for penicillin skin testifgand 3) the goal to improve quality and safetyriegmant women
given that testing was offered and performed iraade of antibiotic need. The e-consult note was
posted in the EHR and routed to the patient’s dtisi@n; if an in-person Al evaluation was
recommended, the e-consult note was routed to k@At desk pool to facilitate direct patient
scheduling during the recommended time-frame.

The in-person Al evaluation included history-appiaie skin testing, percutaneous followed by
intradermal (if negative), with penicilloyl-polylise and diluted Penicillin G ampicillin 20 mg/mL
was added as an additional skin test reagent inga2p19>% Patients with negative skin tests
completed an amoxicillin challenge (500 mg PO ariblixi x 1, 60 minutes of observation). Following
in-person Al assessment, the detailed consultaiida@ with updated penicillin allergy label in thellE

was routed to the patient’s referring obstetrician.

Data Collection and Definitions
We performed a retrospective study of all Obstgtenicillin allergy e-consults from September

20, 2017 through December 31, 2019. Data wereegadhfrom manual EHR review performed by
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trained research assistants (CMM, WA) with allergigersight (ARW). Study data were collected and

managed using REDCap electronic data capture {dls.

Demographics included age, race, and body masg (&M, related to risk of pre-eclampsia
and gestational diabetes). Advanced maternal agedefined as 35 years or greater. Obstetricrigisto

(i.e., gravidity, parity) was obtained from obsie#&ncounters.

The exposure was a patients’ in-person Al evalaatatus, comparing patients who received an
in-person Al evaluation after their e-consult togé for whom the e-consult recommended an in-person
Al evaluation but who did not receive a formal exion.

Our primary outcome was use of antibiotics presdtifputpatient) and/or administered
(inpatient) in the peripartum period, defined asfrthe first obstetrician visit through 6 weekstpos
partum. We assessed use of beta-lactam alterrattitgotics (vancomycin, clindamycin, and
gentamicin) and narrow-spectrum beta-lactam antdsigpenicillin, cefazolin, and cephalexin). Weal
assessed first-line antibiotic use: penicillin @BS and cefazolin for C-section prophylaxis. Wsoal
divided the peripartum period into three distirictd periods: during pregnancy (from first obstéaric
visit to admission for labor and delivery), durilagpor and delivery, and post-partum (from labor and
delivery encounter through 6 weeks post-partum).

We assessed secondary safety-related outcomeandhated allergic reactions, term delivery (37
weeks or more), and C-section delivery, determinauh labor and delivery records.

This project was approved by the Partners Institati Review Board protocol number

2012P002458.

Data Analysis
Data are presented as numbers with frequenciesfegorical data and means with standard
deviation (SD) or medians with interquartile ran@€R) for continuous variables, as indicated. We

compared patients’ demographics by exposure stétinsperson Al evaluation using chi-squared tests.
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We examined the relation of patients’ in-persoredluation status to the prevalence of each of the
outcome variables (i.e., antibiotic use, term deljy C-section delivery) using logistic regressioodels.
In the multivariable logistic regression model, ajusted for age, race, BMarity, and reaction to
penicillin of angioedema, shortness of breath,napaylaxis. All analyses were performed in SAS

(version 9.4, Cary, NC, USA).

RESULTS
Allergy Evaluation and Outcomes

Of 389 obstetric patients with a history of petiigibllergy, 363 (93%) recommended in-person
Al evaluation and 222 (62%) patients received irspe Al evaluationKigure 1). There were 141
patients who were only evaluated with an e-coratibugh an in-person evaluation was recommended.
The reasons in-person evaluation was not compleeed largely unknown (52%), although 24 (17%)
patients delivered before their scheduled appointrard 21(15%) canceled their appointments. There
were 26 (7%) patients for whom e-consult did neabmmend an in-person Al evaluation: 12 (46%)
patients who had a penicillin intolerance only,(48%) who had a recent, severe, or recurrent pimici
reactions, 1 (4%) who had selective aminopenicéllargy, and 1 (4%) who was delabeled based on
history alone.

Of 222 patients receiving an in-person Al evalat220 patients (99%) underwent penicillin
skin testing: 217 patients (99%) had a negative &st, 2 patients had a positive penicillin skistt and
1 patient described subjective throat and tonguadlismy during skin testing. 210 of the 217 (97%ins
test negative patients had negative oral amoxidiliallenge. There was 1 patient with a non-uitita
rash within 1-hour and 2 patients with delayed ri@mapular exanthema after oral amoxicillin challeng
4 patients did not undergo oral challenge. Of th2 2atients who presented for in-person Al evatumati

209 (94%) ultimately had their penicillin allerggblel removed at their visit.

Demographic Characteristics
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Obstetric patients had mean age 33y [SD 4y] ane Veegely white (75%), without differences
by in-person Al evaluation statudble 1). The median gravity was 2 [IQR 1,3] and mediartpavas 1
[IQR 0,2], without notable differences between aatibn status.

Penicillin reaction histories included: rash (47%fjcaria (39%), angioedema/swelling (9%),
and gastrointestinal symptoms (4%). 306 (84%)tieas occurred 5 or more years ago; in-person Al
evaluated patients had remote (>5 years ago) oeaanore frequently when compared to patients not
evaluated in-person (94% vs 70%). 332 patients {3124 a reported allergy to penicillin only; 26
patients (7%) had one other reported drug alle&sgatients (1%) had two or more other drug allexgie
23 (6%) reported a concomitant cephalosporin afle@ther drug allergies were not different by in-

person Al evaluation status.

Primary Outcome: Antibiotic Utilization

Peripartum antibiotics were used for 133 (60%)quati who received in-person Al evaluation
compared to 86 patients (61%) who were not evallat@erson after e-consukigure 2). Compared
to patients who were not evaluated in-person bypAtients who were evaluated in-person were less
likely to receive beta-lactam alternatives (15%86%6) including peripartum vancomycin (1% vs 11%),
clindamycin (6% vs 27%), but were more likely togive narrow beta-lactams specifically peripartum
penicillin (34% vs 3% able 2).

After adjusting for potential confounders, compat@g@atients who were not evaluated in -person
by Al, patients who received in-person Al evaluatiad decreased beta-lactam alternative antihistc
(multivariable adjusted odds ratio (aOR) 0.29 [96%©.17, 0.50]) and increased narrow beta-lactams
(aOR 2.42 [95% CI 1.52, 3.84]). Specifically, comgzhto patients who were not evaluated in-person,
patients who received in-person Al evaluation hacrgased vancomycin (aOR 0.07 [95% CI 0.01, 0.33])
clindamycin (aOR 0.17 [95% CI 0.08, 0.34])), andtgenycin (aOR 0.39 [95% CI 0.19, 0.78]) use.

Fully evaluated patients had increased penicikie (aOR 17.95 [95% CI 6.30, 51.16]).
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GBS was present in 60 (27%) of patients who coregl@i-person Al evaluation compared to 30
(21%) patients who did not complete in-person Adleation Figure 3). C-section delivery was
performed for 57 (26%) of patients who completegé@nson Al evaluation compared to 37 (26%) who
did not complete in-person Al evaluation. FirsteliGBS prophylaxis (penicillin) and C-section
prophylaxis (cefazolin) was higher in evaluatedgras (46% vs 16%/[ able 2). After adjusting for
potential confounders, compared to patients whewet evaluated in-person, in-person Al evaluation
was associated with an increased use of firstdintéiotic prophylaxis (aOR 5.36 [95% CI 3.05, 941
Specifically, there was an increased first-lingkdatic prophylaxis for GBS (penicillin) (aOR 26.87
[95% CI 6.32, 114.33]) and C-section prophylaxistézolin) (aOR 1.94 [95% CI 1.06, 3.52])gble 2).

One patient who had been evaluated in-person @aftAt e-consult and who had negative testing
experienced a delayed rash after amoxicillin treanfior a urinary tract infection during pregnancy;

other reports of drug allergy were identified.

Secondary Outcomes: Allergy Assessment Safetydgn&nt Women

No treatment except for antihistamines was reduine any patient who received an in-person Al
evaluation. Compared to patients not evaluatqekiison (and excluding the 24 patients who delivered
before appointment, Séégure 1), patients who received in-person Al evaluatiod team deliveries
with similar frequency (93% vs 91%, p=0.38, datastmwn). After adjusting for potential confounsler
compared to patients who were not evaluated, ingreAl evaluation was associated with no difference
in term delivery (aOR 1.54 [95% CI 0.64, 3.71])heTfrequency of C-section was similar by in-perdbn
evaluation status (26% vs 26%, p=0.90, data nawsjian the adjusted model, there was no differénce
rate of C-section delivery (aOR 1.09 [95% CI 0.884]) between pregnant patients who were evaluated

in-pe rson versus not.
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DISCUSSION

We used e-consults to identify and triage 389 alistpatients with reported penicillin allergy in
a large northeastern academic medical center; ale@ed 222 pregnant patients in-person in thd thir
trimester with resultant delabeling of 94% of theithout any severe reactions or discernable impact
related to timing or mode of delivery. To our knedge, this study is at least twice as large as any
penicillin-allergic pregnant cohort that has unaerg penicillin allergy evaluation in the literatuoe
date'®' Compared to the patients who were recommendeahfan-person Al evaluation but did not
complete the in-person Al evaluation, patients @atd in-person had large and significant ovesl@-f
reduction in broad-spectrum beta-lactam-alternaiugbiotic use, which included an approximately 17
fold lower odds of vancomycin use, over 6-fold loweds of clindamycin use, and an over 2.5-fold
lower odds of gentamicin use. These reductionsrapeaied an 18-fold increased odds of penicillin use
with first-line GBS prophylaxis with penicillin imeasing 27-fold. Although both in-person evaluaad
not evaluated patients had the same e-consult meedencouraging cefazolin use if needed during
delivery, in-person Al evaluation was still asseethwith an almost 2-fold increased odds of finsé |
cefazolin use for C-section prophylaxis.

We performed penicillin allergy assessment in paegrvomen as a quality improvement
initiative, with e-consults in the 1st trimestedan-person evaluations in th& 8imester, notably prior
to GBS identification and with delivery mode (vaglins C-section) largely unknown. Given that GBS i
a known penicillin indication, prior studies of petin allergy in pregnancy have tested patiems$/o
with known GBS>*® In our study, we tested 60 patients (27%) whionaitely had GBS and, of these,
most (93%) had first-line penicillin administerexd GBS treatment. In our adjusted analysis, irsqer
Al evaluation was associated with a 27-fold incegiasfirst-line penicillin use for GBS. Likewise ew
evaluated 57 patients (26%) who ultimately had se€ion and more than 90% of these evaluated
patients received cefazolin as C-section prophglexreduce the risk of surgical site infectioreyBnd
these two primary indications, beta-lactam antibfoare also considered first-line treatments forary

tract infections, peripartum fevers, mastitis, aneterm premature rupture of the membranes, where
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penicillin and macrolides are associated with al8-feduced risk of endometriiSWhile it is notable
that a majority (more than 60%) of pregnhant paiettimately received antibiotics at some pointhieir
pregnancy or the immediate post-partum period, sgessed many patients whose penicillin allergy
testing results did not immediately inform antibgirescribing during their pregnancy or the post-
partum period. However, safe removal of an uniegtipenicillin allergy was potentially still worthhite
given other potential benefitslthough to examine this would require a longdpfe-up period.
Beta-lactam antibiotic prophylaxis has been assediaith a reduced risk of surgical site
infection after C-section, with an adjusted oddraf 0.43 [95% CI 0.22, 0.83f}. Because cefazolin is
specifically recommended for C-sections, but hemswecross-reactivity with penicillins, our e-contul
recommended that cefazolin could be used withoun-grerson Al evaluation in all patients with
potentially IgE-mediated penicillin reactions mtinan 5 years ago. While it does appear as thougleth
consult advice was followed in patients who did remeive an in-person Al evaluation (57% of such
patients did receive cefazolin), cefazolin useGesection was approximately 2-fold higher in thégas
who received the e-consult and then an in-persatuation for penicillin allergy (91% of such patign
received cefazolin). One possible explanationtiar finding could be that the vast majority of iarpon
evaluations resulted in penicillin allergy labetn@val, and therefore, no allergy alert would appdaen
cefazolin was ordered, whereas for those who redean e-consult only, this alert would need to be
overriden upon ordering cefazolin. This is impottelimical effectiveness information to consider as
methods to increase perioperative cefazolin ugatients reporting a penicillin allergy are urgegntl

needed. Our findings, as well as those reportesiviere®®>°

support that the most effective method to
ensure cefazolin use in patients reporting a piiniailergy is preoperative penicillin allergy tesy,
which has been consistently associated with thledsigcefazolin use (more than 90% of tested
patients)*®*°

Public health organizations have stressed the itapoe of antibiotic stewardship as a critical

component of fighting antibiotic resistar®@* Recently, US professional societies recommended

penicillin allergy assessment as part of antibistevardship practicés. In this study, we identified that
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penicillin allergy assessment in pregnant womenagssciated with significant reductions in use of
alternative antibiotics including vancomycin, cléamdycin, and gentamicin. These alternative antitsoti
are often also associated with increased advefsetgfincluding renal toxicity an@lostridiodes difficile
colitis.** Additionally, the use of unnecessarily broad-spautantibiotics during labor and delivery may
also have adverse consequences on the gut micreltbmfants, with potential downstream infant ssk
such as atopic disea¥eAntibiotic stewardship in Obstetric patients skiatherefore include penicillin
allergy assessments, as recommended by ACOG im2®8 practice bulletif?

We used e-consults to identify and triage pregpatients with reported penicillin allergy and
recommended that 93% present for an in-person Aluation with history-appropriate penicillin skin
testing. There were just 12 patients with recersemere reactions where we recommended beta-lactam
avoidance and 14 patients with penicillin intoleres or where no further evaluation was recommended.
While intolerance reactions were infrequently olksdrin our study, this may reflect a referral taast
may have been that obstetricians were not sendawgsults for patients with clear penicillin intcdace
histories but only those with potential penicililergies. While the use of the e-consult faciitha high-
volume triage process with clear communication keetwAl and Obstetrics, 39% of patients
recommended for an in-person Al evaluation didpresent for this evaluation, which suggests a
multitude of opportunities for education and/or igi@nal improvement. We believe that increased
education of Obstetrics staff might improve patieterest in testing as often patients were asktay
were interested in penicillin allergy testing witlh@ppropriate context. Additionally, there weieely
some obstetricians and/or patients who may haveihadswered questions or concerns about allergy
testing in pregnancy (e.g., 21 patients cancelguti@nts “no showed,” and 7 patients refused)d Wa
used synchronous telemedicine consults, ratherasamchronous EHR-based consults, it is possikle th
more patients would have been interested in testinljor received an in-person Al evaluation. Since
pregnant patients often prefer to limit their tesatsl medications while pregnant, alternative method

capture this population and improve obstetric aatiity use might consider methods to increase péinici
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allergy evaluation in young women of childbearimyg dbefore they conceive (e.g., preconception
counseling).

Obstetric patients have typically been excludedthfetudies assessing penicillin allergy, likely
due to safety-related concerns for the woman aadjtbwing fetus. Our cohort of 220 tested pregnant
patients shows similar allergy outcomes as rep@tediously in nonpregnant populations, includieg f
patients who were skin test positive and/or reatdete amoxicillin challeng&:*® In all, one patient had
subjective symptoms with skin testing, one pattaveloped an immediate-onset rash during the 1-hour
observation period, and two patients had delaysikdes No treatments beyond antihistamines were
needed. We also did not observe any associatiovebathaving penicillin allergy testing and adverse
outcomes such as premature delivery or C-sectilivedg With limited prior data on penicillin altgy
evaluation in pregnancy, including reports of 28qras and 56 patient¥,we hope that this larger study
will encourage allergists to expand their penicillilergy testing to include pregnant women intthied
trimester.

This retrospective analysis was limited to e-cassplaced by MGH Obstetrics for penicillin
allergy. Itis possible that some patients wersseril; for example, a pregnant patient from an deitsi
(i.e., non-MGH) obstetrician might have been refdrand would not have been part of this cohort. Our
approach required an extra appointment for >90%@patients in their8trimester; since some patients
delivered earlier, these patients could not recaivn-person Al evaluation. Although many patsent
received antibiotics, retrospective EHR review weslequate to assess all antibiotic allergy/tolegan
outside of the allergist’s office. We consideretil@iatic use as our outcome as opposed to surgitzl
infections, as such analysis would be underpoweuedo their low frequency.Our data are
representative of one large, urban academic meckcaer and may not be generalizable.

We illustrate a novel program for penicillin allgrgvaluation using e-consults with almost 400
patients screened, 220 pregnant women tested,éhpaients effectively delabeled of their peniaill
allergy. We determined the frequency of antibiote in this population if proactively assessed4{p0

We identified large and significant changes tolsatic selection associated with in-person Al eaéilon
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for penicillin skin testing: reduced vancomycindueed clindamycin, reduced gentamicin, and inctase
penicillin use. In-person Al evaluation was asated with a 27-fold increase in use of first-line
penicillin as GBS prophylaxis. In collaborationtkvbbstetricians, allergists should identify safid a
feasible methods to evaluate pregnant patientspeitticillin allergy histories to optimize antibiotiise

in the peripartum period.
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590 TABLESFIGURES

591 Figurelegends

592  Figurel. Flow chart of Allergy/Immunology (Al) e-consultaéIn-Person Consults for Obstetric
593 Patients with Reported Penicillin Allergy

594 1 patient with selective aminopenicillin allergydah patient delabeleld based on history

595 "1 patient had a recent reaction and 1 patient &aers cutaneous adverse reaction; these reactienes w
596 not appropriately documented in the electronictheaicord.

597 *1 patient with positive intradermal test to amiigjl1 patient with positive intradermal test to

598 benzylpenicilloyl polylysine, and 1 patient withtgeictive symptoms (sensation of throat/tongue

599 swelling) during skin testing

600 "2 patients deferred challenge due to anxiety, Zisfans deferred challenge due to recent or severe
601 reactions not known from documentation in the eteit health record.

602  Abbreviations: Al, Allergy/Immunology; e-Consult, electronic corisu

603

604 Figure?2. Antibiotic Utilization in Obstetric Patients witReported Penicillin Allergy. This figure

605 demonstrates antibiotic use and its associateddifrregnancy, delivery, post partum) for each grolu
606 obstetric patients who received an e-consult. Betmms, beta-lactam alternatives, and both are
607 indicated by color according to the frequency @itthise.

608  Abbreviations: Al, Allergy/Immunology; e-Consult, electronic corisu

609

610 Figure3. Antibiotic Utilization for Group BStreptococcuand C-Section Prophylaxis in Obstetric
611 Patients with Reported Penicillin Allergy. Thigdire demonstrates patients who ultimately had GBS o
612 C-sections with their associated antibiotic use.

613  *Penicillin for Group B Strep and cefazolin for €esion surgical site infection prophylaxis

614  Abbreviations: Al, Allergy/Immunology; e-Consult, electronic cotis@roup B Strep, Group B

615 StreptococcusC-section, Caesarian section.
616



617 Tablel. Clinical characteristics of obstetric patients Bgrgy/immunology in-person evaluation status.

Demographics All In-Person Al No In-Person A
(n=363) Evaluation Evaluation
(n=222) (n=141)

Age (L + SD 33+4 34+ 4 33+5

Zggfnts of dvancecmaternal 142 (39) 83 (37) 59 (42)

Ract
White 271(75) 163 (73) 108 (77
Black 14 (4) 8 (4) 6 (4)
Hispanic 34 (9) 17 (8 17 (12
Asiar 26 (7) 20 (9 6 (4)
Othe 18 (5) 14 (6 4 (3

Bodymass inde (4 + SD'' 31+5 30+ 5 32+ 6

Obstetric History Details

Gravicity (Median+IQR 2[1,3 2[1,2 2[1,3
1 142 (39) 101 (46) 41 (29
2 117 (32 70 (32 47 (33
3 53 (15 25 (11 28 (20
4 30(8) 18 (8 12 (9
5 or mori 21(6) 8 (4) 13 (9)

Parity (Median + IQF 1[0, 2 1[0, 1 1[0, 2
0 139 (38 97 (44) 42 (30
1 117 (32 73 (33 44 (31
2 56 (15 25 (11 31 (22
3 26 (7 15 (7 11 (8
4 12 (3 8 (4) 4 (3)
5 or mori 13 (4) 4(2) 9 (6)

Allergy History

Penicillin allerg)

Reaction symptor
Rast 16¢ (47) 98 (44 71 (50
Urticarie 143 (39 99 (45) 44 (31
Angioedema/swellin 31(9 14 (6 17 (12
Gastrointestinesymptom: 13 (4 8 (4) 54
History of positive skin tes 8 (2 8 (4) 0 (0
Itching/flushing 13 (4 7 (3 6 (4
Shortness of brez 9(2 4(2) 54
Jointpain 2 21 0 (0
Anaphylaxit 6 (2 0 (0) 6 (4
Other 12 (3 10 (5 2 (1)
Unknown 19 (5 94 10 (7

Timing 5or more years ac* 306 (84 2C8 (94) 98 (70

Cephalosporin aller¢ 23 (6 13 (6 10 (7

Number of other antibioti

allergies
0 332 (91 206 (93 126 (89
1 26 (7 12 (5 14 (1C)

2 or mori 51 4(2) 1(1)




Abbreviation: Al, Allergy/Immunology;u, mean; SD, standard deviation; IQR, i-quartile rang.
*Advanced maternal age is defined as age > 35 y@drs

" At the time of delivery

*Timing was unknown in 44 (12%) of patients; 9 (48aluated and 35 (25%) not evaluated




Table 2. Unadjusted and adjusted antibiotic use outcomeststetric patients with a penicillin allergy tast by allergy/immunology in-person

evaluation status

In-Person Al Evaluation No In-Person Al Evaluatio

h Unadjusted OR* (959CI)

Adjusted OR* (95%

(n = 222) (n=141) ch’
Beta-lactam alter natives 33 (15) 51 (36) 0.31 (0.19, 0.5: 0.29 (0.17, 0.5(
Vancomycin 2(1) 15(11 0.08 (0.02, 0.34) 0.07 (0.01, 0.33)
Clindamycin 13 (6, 38 (27 0.17 (0.09, 0.33) 0.17 (0.08, 0.34)
Gentamicin 17(8) 24 (17) 0.40 (0.21, 0.78) 0.39 (0.19, 0.78)
Narrow beta-lactams 122 (55) 47 (33) 2.44 (1.57, 3.78) 2.42 (1.52, B.84
Penicillin use 76 (34 4(3) 17.8 (6.35, 50.0) 18.0 (6.30, 51.2)
Cefazolin 60 (27 38 (27, 1.00 (0.62, 1.62) 0.91 (0.55, 1.51)
Cephalexin 3(1) 7(5) 0.26 (0.07, 1.03) 0.41 (0.10, 1.75)
First-line antibiotic use 103 (46 22 (16 4.68 (2.77, 7.92) 5.36 (3.05, 9.41)
GBS prophylaxis (penicillin) 58 (26) 2(1) 24.6 (5.90, 102.5) 26.9 (6.32, 114)
C-section prophylaxi 52 (23) 20 (14) 1.85 (1.05, 3.26) 1.94 (1.06, 3.52)

(cefazolin)

*Odds ratio: (OR) compare patientwho received an -person Al evaluatio(n=222)compared to patients where-person Al
evaluation was recommended but not completed (n=141

"Adjusted for age, race, body mass indearity, and reaction to penicillin angioedema/shess of breath/anaphylaxis.
Frequency of use of macrolides, sulfonamides, dgttanes, linezolid, daptomycin, cephalosporingie 2nd, 3rd, 4th and 5th
generations, carbapenems, and aztreonam<®fasperipartum and not specifically assessed.
Abbreviations Al, Allergy/Immunology; OR, odds ratio; Cl, cadénce interval



141 (39%) Not seen by Al for Penicillin
Allergy Evaluation

24 (17%) Delivered Before Appointment

21 (15%) Canceled Appointment

8 (6%) No Showed

7 (5%) Patient Refused

7 (5%) Patient Not Reached

1 (1%) Patient Lack of Transportation

73 (52%) Unknown

3 (1%) Skin Test

389 Patients with a Penicillin Allergy
Al E-Consult

v

363 (93%) Al In-Person Visit
Recommended

v

222 (61%) Seen by Al for In-Person Penicillin
Allergy Evaluation

220 (99%) Penicillin Allergy Testing

217 (99%) Skin

Positivet Test Negative

26 (7%) Al In-person Visit Not
Recommended
= 12 (46%) Recent, Severe, Recurrent
Penicillin Reaction(s)
= 12 (46%) Penicillin Intolerance
= 2 (4%) Other*

J/ 2 (1%) Not Tested’

4 (2%) No Oral
Challengef

¥

3 (1%) Oral Challenge Positive

= |mmediate Reaction: 1 (<1%)
= Delayed Reaction: 2 (1%)

v

210 (97%) Oral
Challenge Negative

¥

1 (<1%) Penicillin Allergy
Label Remained

v

Label Removed

209 (99%) Penicillin Allergy



389 Patients with a Penicillin Allergy
Al E-Consult Al In-person Visit Not

| Recommended 12 (3%) Recent/Severe/Recurrent

14 (4%) Penicillin Intolerance/Other

I Reaction
363 (83%) Al In-Person Visit 9 (75%) Received Antibiotics 6 (43%) Received Antibiotics
Recommended Peripartum Peripartum
1
J & | |
222(6156) e by Al or el 121,(39%) Notiseenby Al for 0 Received Antibiotics During 1 Received Antibiotics During
Allergy Evaluation Penicillin Allergy Evaluation Pregnancy Pregnancy
133 (60%) Received Antibiotics 86 (61%) Received Antibiotics
Peripartum Peripartum
9 Received Antibiotics During 5 Received Antibiotics During
| ] Delivery Delivery
[ | 1
22 Received Antibiotics During 16 Received Antibiotics During
Pregnancy Pregnancy

1 Received Antibiotics Post Partum 5 Received Antibiotics Post Partum
129 Received Antibictics During 80 Received Antibiotics During
Delivery Delivery KEY
— " . " - Beta-l

- Beta-lactam alternatives
21 Received Antibiotics Post Partum 13 Received Antibiotics Post Partum - Both

76% 24% 31% 62% T%

E
actams




389 Patients with a Penicillin Allergy

Al E-Consuit Al in-person visit not
recommended
I 2 () RecemiSevero/Rectuent 14 (4%) Penicillin Intolerance/Other
Reaction
363 (93%) Al In-Person Visit
Recumlmeﬂded 7 Group B Strep 3 Group B Strep
| l
222 (61%) Seen by Al for Penicillin 141 (39%) Not seen by Al for 1 C-Section 1 C-Section
Allergy Evaluation Penicillin Allergy Evaluation
60 (27%) Group B Strep 30 (21%) Group B strep o
- Beta-lactam alternatives
57 (26%) C-Section 37 (26%) C-section M e




