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Abstract

Penicillin allergies are reported by 8-15% of the US population, but up to 95% of these allergies
do not correspond with a true allergy when tested. Recent studies have demonstrated that having
a penicillin allergy label (PAL) results in a 50% increased odds of SSI among patients reporting

a penicillin allergy entirely attributable to the use of a beta-lactam alternative antibiotic (primarily
clindamycin or vancomycin). This study provides a review of the prevalence of PAL, the cross
reactivity with cefazolin, immunogenic components of cefazolin and penicillin, and current
guidelines for preoperative antibiotic selection in patients with PAL. Upon understanding these
principles, a new set of guidelines and a risk stratification tool are proposed for assessing allergies
and determining appropriate antibiotic choice, dosage, and timing in the orthopaedic preoperative
setting.
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Introduction:

Penicillin allergies are reported by 8-15% of the US population, but up to 95% of these
allergies do not correspond with a true allergy when tested.? With this emerging knowledge,
the new term coined to refer to a penicillin allergy that has not yet been evaluated is
penicillin allergy label (PAL).1-2 Having a PAL for a patient undergoing surgical intervention
is not benign. A compelling article published in November 2019 correlates the risk of
having a PAL with developing surgical site infection (SSI).3 With over 8,000 penicillin-
allergic patients reviewed and over half of those patients having orthopaedic conditions, the
authors found a 50% increased odds of SSI among patients reporting a penicillin allergy
entirely attributable to the use of a beta-lactam alternative antibiotic (primarily clindamycin
or vancomycin).3 In orthopaedic surgery, a PAL is the primary driver for choosing an
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alternative perioperative antibiotic, with clindamycin being utilized most frequently (OR
34.6, 95% CI 29.9-30.1, P<.005).% The use of these second-line antibiotics leads to
increased healthcare-associated infections including a 23% increased odds of Clostridium
difficile, a 14% increased odds of methicillin-resistant Staphylococcus aureus (MRSA),
and a 30% increased odds of vancomycin-resistant Enterococcus (VRE).5®7 In another
multi-site, prospective cohort study, beta-lactam allergic patients who received a non-beta-
lactam antibiotic as opposed to a beta-lactam antibiotic had significantly more adverse
events reported in the form of hospital re-admissions for the same infection, acute kidney
injury, C. difficile, or other drug-related events (OR 3.2, 95% CI 1.28-7.89).8 In addition
to causing significant morbidity and mortality, SSIs make up 34% of total healthcare costs
related to health-care associated infections, with an estimated attributable cost of $20,000
per case.8:910.11 Orthopaedic procedures are at particular risk given implanted material
that results in both an increased propensity for developing infection and a more difficult
process of eradicating infection once it occurs. In this review, the prevalence of PAL

is discussed as well as the basis of concern related to penicillin cross reactivity with
cefazolin, the immunogenic components of cefazolin and penicillin, and current guidelines
for preoperative antibiotic selection in the setting of a PAL. Upon understanding these
principles, new guidelines are proposed for assessing allergies and determining appropriate
antibiotic choices in the preoperative setting.

Understanding Penicillin Allergy and Cross Reactivity:

Penicillin allergy is reported in approximately 8-15% of the general public.> More than
95% of these reported allergies do not have an IgE-mediated or immediate hypersensitivity
response when skin testing is performed.12 This might be because patients never had an
allergy in the first place or the allergy diminished; in fact, approximately 80% of patients
with IgE-mediated penicillin allergy lose sensitivity after a 10-year period.%1314

Historically it has been reported that cephalosporins (of which cefazolin is a first generation)
have up to a 10% cross reactivity with penicillin. This is problematic in the surgical setting
as level 1 evidence exists that demonstrates cefazolin to be the optimal antibiotic agent for
preoperative prophylaxis due to its selectivity for skin flora, bactericidal mechanism, fast
penetrance, and bioavailability at the surgical site.31516 The oft quoted 10% cross-reactivity
rate between penicillin and cephalosporin is based on a mere handful of early studies

that have now been debunked in the light of more recent higher-level data.1”-18:19 Among
these reports are two studies from the 1970s;20-21 it is now known that cephalosporins
introduced prior to 1980 had trace amounts of penicillin as contaminants,! and results of
these studies are inconclusive in light of this fact. Additionally, the nature and severity of
reactions reported are not well documented. Another early study that reported a similar rate
of 8% of any type of allergic reaction from administering cephalosporin in patients with

a listed penicillin allergy was based on self-reported patient survey.22 In the past several
years, new studies have found the true cross-reactivity rate to be much lower. One study

in 2015 administered a first-generation cephalosporin (83% cefazolin) to 153 patients with

a PAL that resulted in only one minor hypersensitivity response (urticaria). In fact, the

rate of adverse reactions from administration of clindamycin proved to be higher (1.5%).22
Another study reviewed 413 patients with PAL who were all given cefazolin, and only one
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of these patients had a possible reaction. Although there was no documentation of an actual
reaction, this was inferred from a note in the intra-operative anesthesia record that showed
administration of diphenhydramine at the beginning of a case, which may reasonably have
been given prophylactically.?3 Finally, a recent study published in 2021 demonstrated that in
a series of 452 patients with a PAL that underwent allergy testing, 0 out of 452 patients had a
positive skin test when tested specifically for cefazolin or ceftriaxone.13

Reviewing the three-dimensional chemical structures and immunogenic components of
both cefazolin and penicillin may be helpful in understanding why the true rate of cross
reactivity may actually be close to zero as these recent studies suggest. Cephalosporins

and penicillin are both considered beta lactams because they share a core beta lactam

ring (Figure 1).1324.25 They differ in that penicillin has a five-membered thiazolidine

ring that is replaced by a six-membered dihydrothiazine ring in cephalosporins.26:27 After
breakdown, penicillin retains its thiazolidine ring whereas cephalosporins degrade both their
beta-lactam and dihydrothiazine ring.26 These breakdown products form the immunogenic
components of these molecules, and the differences in the degradation process may explain
the low cross-reactivity rate. Furthermore, cefazolin has two side chains (R1 and R2) whose
structures do not match those of any other beta lactams including penicillin (Figure 1). True
allergies to cefazolin are extremely rare (<1%) and are usually specific for its side chains,
notthe shared core ring.1324

New Proposed Risk Stratification Tool:

A first-generation cephalosporin, and, in particular, cefazolin, is the preferred first-line agent
based on the highest level of evidence for preoperative antibiotics in orthopaedics.1® The
American Academy of Orthopaedic Surgeons (AAQS) guidelines on antibiotic prophylaxis
reflect this, stating that a first-generation beta lactam should be used first as a prophylactic
antibiotic.28 With regard to beta-lactam allergy, it is noted that alternatives for patients with
a true penicillin allergy include clindamycin and vancomycin without further elaboration.2°
Currently there are no other guidelines or risk stratification tools to guide surgeons on safe
preoperative antibiotic choice. One recent study based on allergy and immunology data
developed a validated risk stratification for patients in an intensive care unit (ICU) setting
who had PALs.30 Patients were categorized into risk categories depending on their reported
allergic reactions. Of the 184 patients who were considered “low risk” based on their listed
reaction, no patient tested positive to penicillin on skin test, and none were symptomatic
after receiving a dose of a first-generation cephalosporin. This led to a second phase of the
study in which low-risk patients were given a cephalosporin without skin testing; of the 57
consecutive patients meeting this criteria, all tolerated the antibiotic without any reactions.39

We, therefore, propose an adapted version of this validated tool for orthopaedic surgeons
(Table 1) to consider when determining their choice of preoperative antibiotic. Antibiotic
selection can be made based on risk stratification of a patient’s reported index reaction to
penicillin.

. Low risk - Patients who fall under a low-risk category include those whose
index reactions are either side effects or intolerances (gastrointestinal symptoms,
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headache, musculoskeletal symptoms, or psychiatric disturbances), limited
hypersensitivity response (self-limited cutaneous rash, urticaria more than 5
years ago, itching), or lacking information (unknown allergy or remote childhood
reaction). These patients should receive cefazolin despite having a listed
penicillin allergy. The majority of patients, approximately 60%, fall into this
category based on initial screening.230

. Moderate risk - Patients who fall under a moderate-risk category are those
with prior history of more disseminated hypersensitivity reaction or anaphylaxis
(swelling of face and throat, angioedema, difficulty breathing, urticaria less than
5 years ago). These patients in the elective setting should be considered for
allergy testing. If patients have not been allergy tested to clear them of their PAL,
then they should receive clindamycin or vancomycin.

. Severe risk - Patients who fall under a severe-risk category are those whose
index reactions are concerning for toxic epidermal necrolysis or Stevens Johnson
Syndrome (mucosal or skin blistering, ulceration, or pustulosis), or those with
concern for multiorgan involvement (history of kidney or renal injury). This
occurs in <0.5% of patients. These patients should receive clindamycin or
vancomycin.

Of note, it has been demonstrated in the literature that between 112 and 124 patients

with reported penicillin allergy would need allergy evaluation to prevent one SSI.3 The
orthopaedic literature has reproduced numbers comparable to this and demonstrate increased
use of cefazolin after allergy testing.3! In a study done in patients with joint arthroplasty,

all those with a reported beta-lactam allergy were referred preoperatively to a drug allergy
clinic to optimize antimicrobial prophylaxis. Of those sent for penicillin skin testing, 99%
of patients had no penicillin allergy, and all were given cefazolin at the time of surgery
without any adverse reactions.32 Another study found 97% of patients cleared of their PAL
after allergy testing, and that a beta-lactam alternative resulted in a significantly higher rate
of prosthetic joint infection even when controlled for by other risk factors.33 Given the
relatively low number needed to evaluate and the effectiveness of an allergy referral program
to rid patient charts of PALs, referring a patient for allergy testing in a moderate-risk
category appears to be a worthwhile endeavor. It also has been suggested that evaluating

a penicillin allergy with skin testing may be cost-saving for orthopaedic procedures and

the healthcare system,33:34.35.36.37 wijth an anticipated further reduction in costs to evaluate
low-risk PAL patients who do not require skin testing.30:38

Clinical practice guidelines state that correct dosing for cefazolin is 2 g for adult patients

or 3 grams when the weight is greater than 120 kg every 4 hours. Pediatric dosing is 30
mg/kg. Clindamycin dosing is 900 mg in adult patients every 6 hours. Pediatric dosing is 10
mg/kg. Vancomycin dosing is 15 mg/kg and needs to be administered 60 to 120 min prior to
incision to achieve minimum inhibitory concentration.1® Timing of vancomycin is especially
important; in the study by Blumenthal et al,3 97.5% of patients who received vancomycin

as a preoperative antibiotic did not receive it in the recommended time frame; initiation
occurred at a median of 24 minutes before induction, whereas only 1.7% of patients did not
receive cefazolin in the recommended time frame.
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Summary

A PAL has a significant deleterious effect on outcomes in patients undergoing surgery. When
a PAL deters surgeons from using cefazolin, which is a first-line antibiotic agent, there is a
significant increase in odds for SSI, drug-related adverse events from second-line options,
increased readmissions, and increased costs. Patients undergoing orthopaedic procedures are
at particular risk for developing SSI given the use of implanted material, and it is worth the
effort to reconsider current guidelines, which are based on outdated, low-level evidence that
overestimates the cross-reactivity rate of cefazolin and penicillin. We propose an adapted
version of a validated risk stratification tool for orthopaedic use in the preoperative setting

to help guide surgeons in antibiotic selection in the setting of a PAL. Implementing this tool
simply requires knowledge of a patient’s specific reaction to penicillin when listed. This can
be done as part of the patient intake sheet and requires very little extra time on the part of the
surgeon, making it an evidence-based easy-to-use, no-cost, and high-value intervention.
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Figure 1.
Comparison of cephalosporin and penicillin structures. Cephalosporins and penicillin both

contain a core beta-lactam ring (yellow arrow). Cefazolin is a first-generation cephalosporin
whose R1 and R2 side chains make up its primary immunogenic components which are
unique and not shared with other beta lactams.
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A modified risk stratification tool for preoperative antibiotic selection in the setting of a penicillin allergy label

Low Risk

Moderate Risk

High Risk

« Side effects/intolerances (G/ symptoms,
headache, muscle aches, psychiatric
disturbances)

« Limited hypersensitivity reactions (se/f-
limited cutaneous rash, urticaria >5 years
ago, itching)

« Nonspecific (unknown reaction, remote
childhood reaction)

« Disseminated hypersensitivity or
anaphylaxis (swelling of face or throat,
angioedema, difficulty breathing, urticaria
<5 years ago)

« Stevens Johnsons Syndrome or

toxic epidermal necrolysis (diffuse
ulceration, blistering, pustulosis)

» Multiorgan hypersensitivity response
(history of kidney or liver injury)

Plan:

Give cefazolin

Consideration for allergy testing referral
in elective setting. Give clindamycin or
vancomycin.

Give clindamycin or vancomycin
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