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A Simple Algorithmic Approach Allows the Safe Use
of Cephalosporin in “Penicillin-Allergic” Patients
without the Need for Allergy Testing

Graham S. Goh, MD,* Noam Shohat, MD,* and Matthew S. Austin, MD

Investigation performed at the Rothman Orthopaedic Institute, Philadelphia, Pennsylvania

Background: Patients who report a penicillin allergy are often given second-line antibiotic prophylaxis during total joint
arthroplasty (TJA), with only a minority of patients undergoing additional consultations and allergy testing. In an effort to
increase the use of cephalosporin prophylaxis in TJA, the present study aimed to assess the effectiveness of a simple,
protocol-driven penicillin allergy screening program without the need for additional work-up.

Methods: Following implementation of a questionnaire-based screening protocol in May 2019, all patients scheduled for
primary TJA were risk-stratified into low or high-risk categories. The low-risk cohort received cefazolin, and the high-risk
cohort received non-cefazolin antibiotics. Patients were monitored prospectively, and data on antibiotic usage and
adverse outcomes were documented. The protocol group (n = 2,078) was propensity score matched 1:1 with a control
group that included patients who underwent TJA in the same institution prior to implementation of the protocol. The
primary end point was the efficacy of the protocol in reducing unnecessary use of non-cephalosporin antibiotics for
prophylaxis. Secondary outcomes included the rate of surgical site infections and allergic reactions to the administered
antibiotic.

Results: A total of 357 patients (17.2%) reported a penicillin allergy in the protocol group compared with 310 patients
(14.9%) with a recorded allergy in the control group (p = 0.052). The number of patients who received non-cephalosporin
antibiotics was significantly lower in the protocol group (5.7% compared with 15.2% in the control group; p < 0.001),
whereas there was no difference in the rate of total allergic reactions (0.8% compared with 0.7%, respectively; p = 0.857).
Of the 239 low-risk patients (66.9%) in the protocol group, only 3 (1.3%) experienced a mild cutaneous reaction following
cefazolin administration. There were no differences in the rates of superficial wound, deep periprosthetic, or Clostridioides
difficile infections between the protocol and control groups.

Conclusions: A simple screening protocol allowed two-thirds of patients with a self-reported allergy to receive cefazolin
without the need for additional consultations or testing. We believe this protocol can be safely implemented to increase
the rate of cefazolin usage without a corresponding increase in the number of allergic reactions.

Level of Evidence: Therapeutic Level Il. See Instructions for Authors for a complete description of levels of evidence.
erioperative antibiotic prophylaxis prior to total joint
P arthroplasty (TJA) is considered standard care' and has
been shown to reduce the rate of surgical site infection’.
Official guidelines from the American Academy of Ortho-
paedic Surgeons and other organizations recommend the
use of first- or second-generation cephalosporin antibiotics
because of their favorable side-effect profiles and efficacy
against the majority of organisms associated with surgical site
infections™.

Despite their widespread utility, beta-lactam antibiotics,
including penicillins and cephalosporins, are the most com-
mon antibiotics reported to cause reactions (including both
adverse effects and true allergies), often limiting their usage’;
however, the reliability of self-reported antibiotic allergies is
extremely low’. Furthermore, although a 10% cross-reactivity
among beta-lactams (wherein 1 of 10 patients with an allergy to
penicillin would have an allergic reaction to a cephalosporin)
has historically been a concern, this rate has been attributed to
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the contamination of pre-1980 cephalosporins with trace
amounts of benzylpenicillin, resulting in a gross overestimation of
the degree of cross-reactivity’. Current evidence suggests that the
prevalence of clinically relevant immunologically-mediated cross-
reactive allergic reactions is <1%*"" and could be even lower in
cephalosporins with different side-chain determinants’. None-
theless, these allergy labels have been shown to drive arthroplasty
surgeons to use alternative antibiotics", which have been associ-
ated with a higher risk of surgical site infections, increased anti-
microbial resistance, and higher costs**"*"".

Few studies have proposed interventions to increase the
use of cefazolin in TJA patients with a self-reported history of
penicillin allergy'*'*. Previous studies utilized complex algo-
rithms that often necessitated additional consultations and allergy
testing, which could in turn delay surgery and increase overall
costs”. More importantly, recommending that penicillin-allergic
patients should have cephalosporin-tolerance testing prior to
therapeutic use may not improve patient safety or clinical out-
comes because of the high “number needed to treat” (i.e., the
number of patients who would need to be treated in order to
achieve a minimal hypothetical benefit)”, which, taken together
with the low likelihood of such testing occurring, could conversely
result in an increased use of second-line, non-cephalosporin
antibiotics.

The present study aimed to assess the effectiveness of a
simple, protocol-driven penicillin-allergy screening program
for patients with a self-reported history of penicillin allergy
undergoing TJA at a large orthopaedic practice. We hypothe-
sized that this would lead to a significant decrease in the usage
of non-cephalosporin antibiotics for prophylaxis.

Materials and Methods
From May 2019 to July 2020, a questionnaire-based allergy
protocol was implemented at a single institution. All total
knee arthroplasty (TKA) and total hip arthroplasty patients
were monitored prospectively for the type of antibiotic utilized
during their care and for any consequent allergic reactions.
Only patients who received cefazolin, vancomycin, or clinda-
mycin as antibiotic prophylaxis for surgery were screened for
inclusion. Patients who had prophylaxis with an antibiotic
other than the 3 specified and those without information
regarding the type of prophylactic antibiotic were excluded
from the study (Fig. 1). The study was approved by the insti-
tutional review board.

Protocol

The protocol was developed by a multidisciplinary team con-
sisting of surgeons, medical consultants, and pharmacists. As
part of the screening protocol, patients were educated by a team
of nurses at the preadmission testing center with a handout
explaining the low incidence of a true immunoglobin-E (IgE)-
mediated allergic reaction among patients labeled with a pen-
icillin allergy (Fig. 2). Subsequently, a questionnaire adapted
from the American Medical Association Penicillin Allergy Tool-
kit" was administered by trained preadmission testing staff who
were not involved in the study. Primarily, patients were asked to
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declare if they had a history of penicillin allergy. Patients
declaring a penicillin allergy were then queried as to the details of
the reaction (see Appendix 1). Patients were stratified into low-
risk and high-risk groups (Fig. 3). Low-risk patients had cefazolin
administered intravenously at a dose of 1 g (for those <80 kg) or
2 g (for those 280 kg) prior to skin incision and were closely
monitored perioperatively for signs and symptoms of hemody-
namic compromise and allergic reaction by the anesthesiology
team. High-risk patients had vancomycin administered at 15 mg/
kg or clindamycin administered at 900 mg. Postoperatively, all
patients received 2 doses of cefazolin every 8 hours or 1 dose of
vancomycin every 12 hours, and all antibiotics were discontinued
within 24 hours postoperatively. If patients met discharge criteria,
they did not have to complete the 24 hours of antibiotic therapy
before discharge. Antibiotic-loaded cement was not routinely
utilized by any surgeon in this study. All procedures were inpatient
procedures, and no outpatient TJA was performed. Patients were
observed during their hospitalization stay for any delayed symp-
toms and were provided with a number to call if they experienced
any symptoms of allergy following discharge. Any allergic reaction
was then recorded in the patient chart. Access to standard
medications for the treatment of allergic reactions was ensured
throughout the perioperative course. Patients who were suc-
cessfully administered cefazolin without a reaction were given a
letter stating the tolerance to cefazolin with the dose specified, in
the event that the patient wished to further investigate or receive
prophylaxis with a cephalosporin in the future.

The primary end point of the study was the efficacy of the
protocol in reducing the use of non-cephalosporin antibiotics
for prophylaxis. Secondary end points included the safety of
the protocol as determined by the number of allergic reactions
to the antibiotics utilized, as well as the risk of surgical site and
Clostridioides difficile infection. For comparison, a control
group consisting of patients who underwent surgery before the
implementation of the protocol (from January 2016 to April
2019) was matched in a 1:1 fashion with use of propensity
scores. Propensity score matching provided a method to con-
trol for selection bias and ensure covariate balance between the
groups by matching each patient in the study period with a
patient in the early period who had the most similar patient
characteristics (i.e., nearest-neighbor matching). Specifically,
propensity scores generated with use of logistic regression were
utilized to adjust for the confounding variables of age, sex, body
mass index, Charlson Comorbidity Index”, and American
Society of Anesthesiologists class. Allergic reactions were
determined with use of an electronic query on administrative
data utilizing International Classification of Diseases-9 and 10
codes (see Appendix 2). Following the electronic query, a
manual chart review was performed to confirm the presence
and type of allergic reaction. Similar to the screening ques-
tionnaire, details on the symptoms, timing, and treatment of
any allergic reaction were reviewed and graded according to a
commonly utilized severity scale proposed by Ring et al.”*
grade 1, skin symptoms and/or mild fever reaction; grade 2,
measurable but not life-threatening cardiovascular reaction,
gastrointestinal disturbance, or respiratory disturbance; grade
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Patients who underwent primary TJA

Assessed for eligibility (n = 8412)
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Excluded patients who had prophylaxis with
t— »| antibiotics other than cefazolin, vancomycin or
clindamycin 0.6% (n = 52)

Number Eligible (n = 8360)

—— | Data unavailable for analysis 4% (n = 331)

v

Data available for analysis 95% (n = 8029)

A4

Earlier Period: January 2016 to April 2019
(n=5951)

A\ J

Control group after propensity score matching
(n =2078)

Fig. 1

v

Study Period: May 2019 to July 2020
(n=2078)

v

Protocol group after propensity score matching
(n =2078)

Flow diagram outlining the patient selection process.

3, shock and/or life-threatening spasm of smooth muscles; and
grade 4, cardiac and/or respiratory arrest. The independent
assessor was blinded to the study groups and was not involved
in the design of the screening protocol. Primary and secondary
outcomes were compared between the 2 groups for a period of
90 days postoperatively.

Statistical Analyses

A post-hoc power analysis was performed. With a 2-tailed test
at 80% power and an alpha of 0.05, a sample size of 1,442
patients would be needed to detect a 5% decrease in non-
cephalosporin usage™'®. The 2 groups (protocol compared
with controls) were matched for age, sex, body mass index,
Charlson Comorbidity Index, and American Society of Anes-
thesiologists class using propensity score matching®. Stan-
dardized differences for each variable after propensity score
matching were <0.1 (see Appendix Fig. 1). Continuous varia-
bles were compared with use of a 2-tailed independent t test,
whereas categorical variables were compared with use of chi-

square analysis. Significance was set at 0.05. Statistical analyses
were performed with use of SPSS (version 20.0; IBM).

Source of Funding
There was no external funding for this study.

Results

total of 2,078 patients in the protocol group were matched

with 2,078 controls with use of 1:1 propensity score
matching (Table I). There were 357 patients (17.2%) in the
protocol group who self-reported a penicillin allergy on the
screening questionnaire compared with 310 in the control group
(14.9%) for whom a penicillin allergy was reported in the elec-
tronic health record (p = 0.052). The most commonly reported
reaction in the protocol group was a non-generalized rash in 133
patients (37.3%) (Table IT). There were 118 patients (33.1%) who
reported possible allergic or hypersensitivity reactions, including
generalized rash or hives (n = 84, 23.5%), angioedema (n = 19,
5.3%), and anaphylaxis (n = 15, 4.2%).
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Did you know that

Penicillin is the most commonly
reported drug allergy?!

Nine out of 10 patients
reporting a penicillin allergy
are not truly allergic

The CDC joins other experts in suggesting penicillin allergy
evaluation for those who report being allergic to penicillin

Ask your healthcare provider about —;
the risk and benefits of penicillin allergy
testing and if you are a candidate

----Correctly identifying those who are
not actually penicillin allergic can improve
antibiotic prescribing and combat the risk
of super-bugs?

|

What it means for you:

1. You can safely receive Cefazolin, a less toxic, less expensive and more effective antibiotic
for future surgeries and/or hospitalization.

Next Step After Surgery:

1. Contact your Primary Care Provider or Allergist to notify them you have been successfully
treated with Cefazolin.
2. Ask your provider if you are a candidate for further penicillin allergy testing to confirm you

are safe to take other penicillin related antibiotics.
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Fig. 2
Patient handout explaining the low incidence of a true penicillin allergy. CDC = Centers for Disease Control and Prevention.

In total, 1,960 patients (94.3%) in the protocol group
received a first-generation cephalosporin, which was signifi-
cantly higher than the proportion of patients in the control
group who received cefazolin before implementation of the
protocol (n = 1,762, 84.8%; p < 0.001) (Table IIT). Multiple
logistic regression analysis adjusting for age, sex, body mass

index, Charlson Comorbidity Index, and American Society of
Anesthesiologists class showed that patients in the protocol
group were 3 times more likely to receive cefazolin (odds ratio
[OR], 2.97; 95% confidence interval [CI], 2.38 to 3.71; p <
0.001). No other variables were significant in the model (see
Appendix 3). No patient in the control group with a penicillin
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PCN/B-lactam
Allergy

|

Does the patient have
intolerance history only?

—nN

Ancef will be
ordered w/o any
further
investigation. NP
will write reaction
on Pre-op Order
sheet.

Np will order Ancef and write
reaction on Pre-op Order

sheet.

Anesthesia will
administer drug

Anesthesia will
monitor patient
closely DOS to see
if there are
hemodynamic
changes to patient.

PACU nurse will

edit allergy
description to
include tolerance
to Ancef

Fig. 3

ALGORITHM ALLOWS CEPHALOSPORIN USE IN PENICILLIN-ALLERGIC
PATIENTS WITHOUT ALLERGY TESTING

Intolerance History-
Diarrhea, Nausea,
Vomiting, abdominal
pain, chills,
headache, fatigue

Low-risk Allergy
| History- Itching,
' isolated rash,
Unknown, remote
(>10 yrs ago)
| reaction

Patient most likely
has an
IgE-mediated true
allergy

High risk Allergy
History- Anaphylaxis,

Hives,
. Angioedema/swelling,
Vancomycin hospitilization,
and/or arrhythmia, throat or
Clindamycin will chest tightness,
be ordererd by NP shortness of breath,
wheezing,

Stevens-Johnson
syndrome, serum
sickness,
thrombocytopenia,
organ injury, rash

If patient is €

succesfully Wl:zh Dﬂztril:s.
ik ke multifoznte anemia
drug and no , '

dystonia, fever

reaction occurs
during surgery or
1 hour after first
dose is
administered,
PACU nurse will
edit allergy
description to
include tolerance
to Ancef in EMR

Risk stratification flow diagram in the screening protocol. PCN = penicillin, NP = nurse practitioner, PACU = post-anesthesia care unit, DOS = day of surgery,

and EMR = electronic medical record. Ancef = cefazolin.

allergy label in their electronic health record received a cephalo-
sporin. There was no difference in the rate of adverse reactions to
any antibiotic before and after implementation of the screening
protocol (0.7% compared with 0.8%, respectively; p = 0.857). The
majority of allergic reactions that occurred were secondary to
cefazolin administration (13 of 15, 86.7% in the control group; 15

0f 16, 93.8% in the protocol group). Three of 15 (20.0%) cefazolin
allergic reactions occurred in patients with a self-reported peni-
cillin allergy in the protocol group. No patients with an allergic
reaction to cefazolin in the control group had a known allergy to
penicillin. Of note, all 31 allergic reactions were determined to be
immune-mediated and classified as grade 1 (i.e., cutaneous signs
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TABLE | Preoperative Patient Characteristics *

Control (N =2,078) Protocol (N = 2,078) P Value
Age (yr) 64.5+9.4 64.4 £9.5 0.644
Sex 0.433
Females 1,210 (58.2%) 1,185 (57.0%)
Males 868 (41.8%) 893 (43.0%)
BMI (kg/m?) 30.3+5.3 30.2+5.5 0.639
CCl 0.881
<2 2,055 (98.9%) 2,056 (98.9%)
>2 23 (1.1%) 22 (1.1%)
ASA class 0.354
| 15 (0.7%) 12 (0.6%)
Il 1,699 (81.8%) 1,729 (83.2%)
1] 358 (17.2%) 335 (16.1%)
\% 6 (0.2%) 2 (0.1%)
Procedure 0.314
THA 1,112 (53.6%) 1,144 (55.2%)
TKA 966 (46.4%) 934 (44.8%)
Length of stay (day) 1.3+0.6 1.3+0.6 0.798
Penicillin allergy labelt 310 (14.9%) 357 (17.2%) 0.052
*Values are given as the mean + standard deviation or as the count with the percentage in parentheses. BMI = body mass index, CCI = Charlson
Comorbidity Index, ASA = American Society of Anesthesiologists, THA = total hip arthroplasty. TEither recorded in electronic health records before
implementation of the protocol (control group) or self-declared on preadmission questionnaire (protocol group).

only), requiring only antihistamines for treatment. No patients
required epinephrine in this study.

In the protocol group, 239 patients (66.9%) were stratified
into the low-risk group and given cefazolin despite a self-reported
penicillin allergy, including 236 (98.7%) who tolerated the

TABLE Il Penicillin Allergy Reported in Protocol Group

Allergy History No. (%)
Intolerance history
Gastrointestinal 19 (5.3%)
upset
Unknown history* 69 (19.3%)
Low-risk history
Non-generalized 133 (37.3%)
rash
Itching 18 (5.0%)
High-risk history
Generalized 84 (23.5%)
rash or hives
Angioedema 19 (5.3%)
Anaphylaxis 15 (4.2%)
*Unknown history refers to an unknown reaction that occurred >10
years ago.

cefazolin well and 3 who experienced allergic reactions (all grade-
1 reactions). These cases resulted in a cross-reactivity rate of
1.3%. No patient had a known cephalosporin allergy prior to the
reaction. There were 118 patients (33.1%) in the high-risk group
who were given alternative antibiotics, including 1 patient who
had a grade-1 reaction following vancomycin administration.

In terms of perioperative adverse events, there was no
difference between the control and protocol groups in terms of
superficial wound infections (1.2% compared with 0.8%, respec-
tively; p = 0.158), deep infections (0.4% compared with 0.5%;
p = 0.636) or C. difficile infections (0.2% compared with 0.1%;
p = 0.705) (Table IV).

A subgroup of patients (including 38 in the control group
and 44 in the protocol group) received vancomycin in addition
to cefazolin because of a history or high risk of carriage of
methicillin-resistant Staphylococcus aureus infection (e.g., nurs-
ing home residents and health-care workers). Only 1 superficial
infection was recorded in the control group. No patients in this
subgroup declared a penicillin allergy preoperatively, and no
allergic reactions occurred. Exclusion of this subgroup from the
main analysis did not change the findings of the study (see
Appendices 4 and 5).

Discussion

To our knowledge, the present study is the first to evaluate
the effectiveness of a simple, protocol-driven screening

program to maximize cefazolin usage in patients undergoing
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TABLE Il Prophylactic Antibiotics Received and Adverse Reactions Recorded*

Control (N =2,078) Protocol (N = 2,078) P Value
Prophylactic antibiotic <0.0017t
Cefazolin¥ 1,762 (84.8%) 1,960 (94.3%)
Vancomycin 290 (14.0%) 101 (4.9%)
Clindamycin 26 (1.2%) 17 (0.8%)
Allergic reactions in total 15 (0.7%) 16 (0.8%) 0.857
Allergic reactions by antibiotic -
Cefazolin 13 (86.7%) 15 (93.8%)
Vancomycin 1 (6.7%) 1 (6.2%)
Clindamycin 1 (6.7%) 0 (0.0%)
Allergic reactions by severity -
Grade 1 15 (0.7%) 16 (0.8%)
Grade 2 0 (0.0%) 0 (0.0%)
Grade 3 0 (0.0%) 0 (0.0%)
Grade 4 0 (0.0%) 0 (0.0%)
*Values are given as the count with the percentage in parentheses. fSignificant. ¥Includes a subset of patients in the control (n = 38) and protocol
(n = 44) groups who received both cefazolin and vancomycin.

TJA. Implementation of the protocol was associated with a 9%
increase in the number of patients who received cefazolin,
without a corresponding increase in the rate of allergic reac-
tions. Importantly, two-thirds of patients with a self-reported
penicillin allergy were able to receive cefazolin safely without
the need for additional consultation or allergy testing.

According to previous studies, <5% of patients labeled
with a penicillin allergy have a true IgE-mediated, clinically
relevant hypersensitivity reaction”*. This important public-
health issue has been highlighted by several authors®*. The
present study showed that the incidence of self-reported pen-
icillin allergy was relatively high (17%), consistent with epi-
demiological studies, with rates of 8% to 20%”. When
analyzing the specific reactions reported, we found that most
patients reported a history of non-generalized rash (37%) or
generalized rash as well as hives (23%), which was also in line
with previous studies within the orthopaedic literature and
other areas of medicine®****'. The consequence of this mis-
labeling has serious implications because alternatives to ceph-
alosporin have been associated with high rates of periprosthetic
joint infection®. This concern is further compounded by the
threat of antimicrobial resistance, which has reached danger-
ously high levels globally™.

Although the implications of non-cephalosporin anti-
biotics have been extensively studied*'*", only a small number
of studies have proposed interventions to increase the pre-
scription of beta-lactam agents, and these interventions often
include additional consultations and allergy testing'*'*. Wyles
et al. showed that preoperative referral to an allergist allowed
the majority of TJA patients to be cleared to receive cefazolin,
resulting in an overall cefazolin usage of 95%". Importantly,
11.5% of patients in that study (3,411 of 29,695) had under-

gone preoperative allergy testing. It is imperative to acknowl-
edge the logistical challenges associated with the widespread
adoption of this practice, which include increased costs and
potential scheduling delays when referring patients to aller-
gists’. Blumenthal et al. estimated the cost of a penicillin allergy
evaluation to be $220 per case (range, $40 to $537)". By
utilizing a simple drug allergy history questionnaire, we were
able to adequately risk-stratify patients and provide cefazolin to
94.3% of the cohort. These numbers were similar to the study
by Wyles et al. but were achieved without the need for costly
and time-consuming tests or consultations.

Safety is perhaps the most important aspect of any screening
protocol. The overall incidence of allergic reactions did not
increase following implementation of the protocol and was
approximately 1% in both groups. Similar to the present study,
Kuruvilla et al. implemented a questionnaire-based protocol for
antibiotic selection in surgical patients with a penicillin allergy label
and found that the percentage of patients who received a cepha-
losporin increased from 22% to 80% following implementation®.
Of the 551 patients with a self-reported penicillin allergy who

TABLE IV Adverse Events up to 90 Days Postoperatively*

Control Protocol
(N =2,078) (N =2,078) P Value
Superficial infection 25 (1.2%) 16 (0.8%) 0.158
Deep infection 8 (0.4%) 10 (0.5%) 0.636
C. difficile infection 4 (0.2%) 3 (0.1%) 0.705
*Values are given as the count with the percentage in parentheses.
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received a cephalosporin, no patients required epinephrine and
1 patient had a delayed rash (0.2%). The rate of adverse reactions
following penicillin administration reportedly ranges from 0.5% to
2%, with the rate of true IgE-mediated reactions postulated to be
even lower””. In the present study, only 3 patients (1.3%) in the
low-risk group had a mild cutaneous reaction, reinforcing the 2%
cross-reactivity incidence suggested previously””. Haslam et al.
also retrospectively reviewed 54 TJA patients who reported non-
IgE symptoms for their reported penicillin allergy, noting that no
patients suffered an adverse reaction after receiving cefazolin”. As
the R side-chain, rather than the beta-lactam ring, has been found
to be the major factor for cross-reactivity”, allergy to a penicillin or
cephalosporin in a particular generation may not lead to any cross-
reactivity with another cephalosporin within the same or different
generation if the R side-chains are different (e.g., cefazolin and
cephalexin)®. Distinctly, cefazolin does not share a similar side-
chain with any of the current U.S. Food and Drug Administration-
approved beta-lactams, including penicillin®, which likely accounts
for the low cross-reactivity rate demonstrated in the present study
and the literature. As the incidence of cephalosporin allergies in the
general population is approximately 2%7, it is also possible that the
occurrence of an allergic reaction to a cephalosporin in a penicillin-
allergic patient is completely coincidental and does not prove cau-
sality, especially because there is a threefold increased risk of adverse
reactions to unrelated drugs among penicillin-allergic patients®.
Most importantly, no patients in the cohort had an anaphylactic
reaction, likely because of the low incidence of this complication™.
In a large population-based study of 622,456 patients, Macy and
Contreras found 13 cases (0.0009%) of physician-documented
cephalosporin-associated anaphylaxis®. Given the low reliability of
allergy self-reporting’, historical overestimation of cross-reactivity
as a result of contamination of early cephalosporins’, and greater
understanding of the role of R side-chains in determining cross-
reactivity, it is therefore plausible that the relative risk is low. When
taken together with the extremely low incidence of severe cepha-
losporin allergic reactions™, these data lend support to recent
recommendations that cephalosporins can be safely administered in
patients with a history of penicillin allergy™”. A simple screening
protocol could be utilized as both a safe and effective means to
increase the use of first-generation cephalosporins in patients who
declare a penicillin allergy. It is possible that allergy testing could be
reserved for patients classified as high-risk according to the current
protocol, thereby potentially increasing the use of cephalosporins in
penicillin-allergic patients.

The present study had several limitations. First, the
nonrandomized nature could have introduced selection bias
into the study. As the control group consisted of patients who
underwent surgery before May 2019 and the protocol group
consisted of patients who underwent surgery after May 2019,
the difference in time period could have resulted in minor
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changes in perioperative management, which could have
confounded the analysis of secondary outcomes such as sur-
gical site infection. However, this effect was minimized through
the use of a prospective cohort study design with propensity
score matching. Second, different methods were utilized to
classify a patient as “penicillin-allergic” before and after pro-
tocol implementation, with allergy labels being obtained from
the electronic health record in the control group and patient-
reported in the protocol group. Although the difference in
the proportion of patients with an allergy was not significant,
the difference in data collection could have upwardly biased the
percentage of allergies in the latter group. Nonetheless, we
showed that despite a higher prevalence of reported allergies in
the protocol group, the number of allergic reactions did not
differ significantly. Third, as the incidence of allergic reactions,
surgical site infections, and C. difficile infections was low, the
analysis was underpowered to detect a significant difference
in secondary outcomes before and after implementation of
the protocol. Finally, as the protocol and questionnaire
were designed and implemented at a single institution, it is
possible that other institutions with differing patients, pro-
viders, and practices may obtain different results following
implementation. However, the screening questionnaire was
adapted from the American Medical Association Penicillin
Allergy Toolkit®, which has been widely advocated by the
American Medical Association and adopted by multiple insti-
tutions in the U.S.*, likely increasing the generalizability of our
findings.

Conclusions

Following the adoption of a novel penicillin allergy screening
protocol that avoids referrals and additional testing, two-thirds
of patients with a self-reported allergy were able to receive
cefazolin safely, and the overall rate of cefazolin usage increased
by 9%, to 94%, without an increase in adverse reactions. This
protocol serves as a simple, free stratification tool that may be
utilized to decrease the rate of infection following TJA. B

Graham S. Goh, MD!
Noam Shohat, MD!-?
Matthew S. Austin, MD!

'Rothman Orthopaedic Institute, Thomas Jefferson University,
Philadelphia, Pennsylvania

2Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel

Email for corresponding author: matt.austin@rothmanortho.com

References

1. Garvin KL, Hanssen AD. Infection after total hip arthroplasty. Past, present, and
future. J Bone Joint Surg Am. 1995 Oct;77(10):1576-88.

2. Blumenthal KG, Ryan EE, Li Y, Lee H, Kuhlen JL, Shenoy ES. The Impact of a Reported
Penicillin Allergy on Surgical Site Infection Risk. Clin Infect Dis. 2018 Jan 18;66(3):329-36.

Copyright © 2021 by The Journal of Bone and Joint Surgery, Incorporated. Unauthorized reproduction of this article is prohibited.


mailto:matt.austin@rothmanortho.com

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 00-A - NUMBER 00 - OCTOBER 13, 2021

3. Aboltins CA, Berdal JE, Casas F, Corona PS, Cuellar D, Ferrari MC, Hendershot E,
Huang W, Kuo FC, Malkani A, Reyes F, Rudelli S, Safir O, Seyler T, Tan TL, Townsend
R, Tuncay |, Turner D, Winkler H, Wouthuyzen-Bakker M, Yates AJ, Zahar A. Hip and
Knee Section, Prevention, Antimicrobials (Systemic): Proceedings of International
Consensus on Orthopedic Infections. J Arthroplasty. 2019 Feb;34(2S):S279-88.
4. Sakoulas G, Geriak M, Nizet V. Is a Reported Penicillin Allergy Sufficient Grounds
to Forgo the Multidimensional Antimicrobial Benefits of B-Lactam Antibiotics? Clin
Infect Dis. 2019 Jan 1;68(1):157-64.

5. LinRY. A perspective on penicillin allergy. Arch Intern Med. 1992 May;152(5):930-7.
6. Macy E, Contreras R. Health care use and serious infection prevalence associ-
ated with penicillin “allergy” in hospitalized patients: A cohort study. J Allergy Clin
Immunol. 2014 Mar;133(3):790-6.

7. Romano A, Valluzzi RL, Caruso C, Maggioletti M, Quaratino D, Gaeta F. Cross-
Reactivity and Tolerability of Cephalosporins in Patients with IgE-Mediated Hyper-
sensitivity to Penicillins. J Allergy Clin Immunol Pract. 2018 Sep - Oct;6(5):1662-72.
8. Albin S, Agarwal S. Prevalence and characteristics of reported penicillin allergy in an
urban outpatient adult population. Allergy Asthma Proc. 2014 Nov-Dec;35(6):489-94.
9. Goodman EJ, Morgan MJ, Johnson PA, Nichols BA, Denk N, Gold BB. Cephalo-
sporins can be given to penicillin-allergic patients who do not exhibit an anaphylactic
response. J Clin Anesth. 2001 Dec;13(8):561-4.

10. Daulat S, Solensky R, Earl HS, Casey W, Gruchalla RS. Safety of cephalosporin
administration to patients with histories of penicillin allergy. J Allergy Clin Immunol.
2004 Jun;113(6):1220-2.

11. Park MA, Koch CA, Klemawesch P, Joshi A, Li JT. Increased adverse drug
reactions to cephalosporins in penicillin allergy patients with positive penicillin skin
test. Int Arch Allergy Immunol. 2010;153(3):268-73.

12. Coleman DT, Stone CA Jr, Wei WQ, Phillips EJ. Penicillin allergy labels drive
perioperative prophylactic antibiotic selection in orthopedic procedures. J Allergy
Clin Immunol Pract. 2020 Nov - Dec;8(10):3634-3636.e1.

13. Wyles CC, Hevesi M, Osmon DR, Park MA, Habermann EB, Lewallen DG, Berry
DJ, Sierra RJ. 2019 John Charnley Award: Increased risk of prosthetic joint infection
following primary total knee and hip arthroplasty with the use of alternative antibi-
otics to cefazolin: the value of allergy testing for antibiotic prophylaxis. Bone Joint J.
2019 Jun;101-B(6_Supple_B):9-15.

14. MacFadden DR, LaDelfa A, Leen J, Gold WL, Daneman N, Weber E, Al-Busaidi |,
Petrescu D, Saltzman |, Devlin M, Andany N, Leis JA. Impact of Reported Beta-
Lactam Allergy on Inpatient Outcomes: A Multicenter Prospective Cohort Study. Clin
Infect Dis. 2016 Oct 1;63(7):904-10.

15. Stone AH, Kelmer G, MacDonald JH, Clance MR, King PJ. The Impact of Patient-
Reported Penicillin Allergy on Risk for Surgical Site Infection in Total Joint Arthro-
plasty. J Am Acad Orthop Surg. 2019 Nov 15;27(22):854-60.

16. Ponce B, Raines BT, Reed RD, Vick C, Richman J, Hawn M. Surgical Site
Infection After Arthroplasty: Comparative Effectiveness of Prophylactic Antibiotics:
Do Surgical Care Improvement Project Guidelines Need to Be Updated? J Bone Joint
Surg Am. 2014 Jun 18;96(12):970-7.

17. Tan TL, Springer BD, Ruder JA, Ruffolo MR, Chen AF. Is Vancomycin-only Pro-
phylaxis for Patients With Penicillin Allergy Associated With Increased Risk of
Infection After Arthroplasty? Clin Orthop Relat Res. 2016 Jul;474(7):1601-6.

18. McDanel DL, Azar AE, Dowden AM, Murray-Bainer S, Noiseux NO, Willenborg M,
Clark CR, Callaghan JJ, Haleem A. Screening for Beta-Lactam Allergy in Joint
Arthroplasty Patients to Improve Surgical Prophylaxis Practice. J Arthroplasty. 2017
Sep;32(9S):5101-8.

19. Blumenthal KG, Li Y, Banerji A, Yun BJ, Long AA, Walensky RP. The Cost of Penicillin
Allergy Evaluation. J Allergy Clin Immunol Pract. 2018 May - Jun;6(3):1019-1027.e2.
20. Macy E, Contreras R. Adverse reactions associated with oral and parenteral use
of cephalosporins: A retrospective population-based analysis. J Allergy Clin Im-
munol. 2015 Mar;135(3):745-52.€e5.

21. Shenoy ES, Macy E, Rowe T, Blumenthal KG. Evaluation and Management of
Penicillin Allergy: A Review. JAMA. 2019 Jan 15;321(2):188-199.

ALGORITHM ALLOWS CEPHALOSPORIN USE IN PENICILLIN-ALLERGIC
PATIENTS WITHOUT ALLERGY TESTING

22. Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, Januel JM, Sundararajan
V. Updating and validating the Charlson comorbidity index and score for risk
adjustment in hospital discharge abstracts using data from 6 countries. Am J Epi-
demiol. 2011 Mar 15;173(6):676-82.

23. Ring J, Messmer K. Incidence and severity of anaphylactoid reactions to colloid
volume substitutes. Lancet. 1977 Feb 26;1(8009):466-9.

24. Blumenthal KG, Shenoy ES, Varughese CA, Hurwitz S, Hooper DC, Banerji A.
Impact of a clinical guideline for prescribing antibiotics to inpatients reporting pen-
icillin or cephalosporin allergy. Ann Allergy Asthma Immunol. 2015 Oct;115(4):
294-300.e2.

25. Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects
of Confounding in Observational Studies. Multivariate Behav Res. 2011 May;46(3):
399-424.,

26. Shenoy ES, Macy E, Rowe T, Blumenthal KG. Evaluation and Management of
Penicillin Allergy: A Review. JAMA. 2019 Jan 15;321(2):188-99.

27. Macy E, Ho NJ. Multiple drug intolerance syndrome: prevalence, clinical char-
acteristics, and management. Ann Allergy Asthma Immunol. 2012 Feb;108(2):
88-93.

28. Trubiano JA, Adkinson NF, Phillips EJ. Penicillin Allergy Is Not Necessarily For-
ever. JAMA. 2017 Jul 4;318(1):82-3.

29. Macy E. Penicillin and beta-lactam allergy: epidemiology and diagnosis. Curr
Allergy Asthma Rep. 2014 Nov;14(11):476.

30. Coleman DT, Stone CA Jr, Wei WQ, Phillips EJ. Readiness for PENicillin allergy
testing: Perception of Allergy Label (PEN-PAL) survey. J Allergy Clin Immunol Pract.
2020 Oct;8(9):3180-3182.€4.

31. Moussa Y, Shuster J, Matte G, Sullivan A, Goldstein RH, Cunningham D, Ben-
Shoshan M, Baldini G, Carli F, Tsoukas C. De-labeling of B-lactam allergy reduces
intraoperative time and optimizes choice in antibiotic prophylaxis. Surgery. 2018
May 8;164:117-23.

32. Zhang R, Eggleston K, Rotimi V, Zeckhauser RJ. Antibiotic resistance as a global
threat: evidence from China, Kuwait and the United States. Global Health. 2006 Apr
7;2:6.

33. Kuruvilla M, Sexton M, Wiley Z, Langfitt T, Lynde GC, Wolf F. A Streamlined
Approach to Optimize Perioperative Antibiotic Prophylaxis in the Setting of Penicillin
Allergy Labels. J Allergy Clin Immunol Pract. 2020 Apr;8(4):1316-22.

34. Khan DA, Solensky R. Drug allergy. J Allergy Clin Immunol. 2010 Feb;
125(2)(Suppl 2):5126-37.

35. Macy E, Blumenthal KG. Are Cephalosporins Safe for Use in Penicillin Allergy
without Prior Allergy Evaluation? J Allergy Clin Immunol Pract. 2018 Jan - Feb;6(1):
82-9.

36. Pichichero ME, Zagursky R. Penicillin and cephalosporin allergy. Ann Allergy
Asthma Immunol. 2014 May;112(5):404-12.

37. Haslam S, Yen D, Dvirnik N, Engen D. Cefazolin use in patients who report a non-
IgE mediated penicillin allergy: a retrospective look at adverse reactions in arthro-
plasty. lowa Orthop J. 2012;32:100-3.

38. Chaudhry SB, Veve MP, Wagner JL. Cephalosporins: A Focus on Side Chains and
B-Lactam Cross-Reactivity. Pharmacy (Basel). 2019 Jul 29;7(3):103.

39. Kelkar PS, Li JT. Cephalosporin allergy. N Engl J Med. 2001 Sep 13;345(11):
804-9.

40. Smith JW, Johnson JE, Cluff LE. Studies on the epidemiology of adverse drug
reactions. Il. An evaluation of penicillin allergy. N Engl J Med. 1966 May 5;274(18):
998-1002.

41. Yang MS, Kang DY, Seo B, Park HJ, Park SY, Kim MY, Park KH, Koo SM, Nam
YH, Kim S, Jung JW, Kim TB, Jang GC, Yang HJ, Ahn YM, Park JW, Kang HR; Drug
Allergy Work Group of KAAACI. Incidence of cephalosporin-induced anaphylaxis and
clinical efficacy of screening intradermal tests with cephalosporins: A large multi-
center retrospective cohort study. Allergy. 2018 Sep;73(9):1833-41.

42. Zagursky RJ, Pichichero ME. Cross-reactivity in B-Lactam Allergy. J Allergy Clin
Immunol Pract. 2018 Jan - Feb;6(1):72-81.e1l.

Copyright © 2021 by The Journal of Bone and Joint Surgery, Incorporated. Unauthorized reproduction of this article is prohibited.



