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Abstract

Background: Clindamycin serves as an alternative surgical prophylactic antibiotic in patients
with penicillin (PCN) or cephalosporin allergy labels. In the previous reports, the use of
clindamycin was associated with higher incidences of surgical site infections (SSls). We aimed

to determine the characteristics of PCN or cephalosporin allergic reactions to stratify patient’s risk
and indicate subsequent management; leading to de-labeling of PCN or cephalosporin allergy.

Methods: We conducted a prospective cohort study of patients receiving clindamycin as surgical
antibiotic prophylaxis from September 2021 to March 2022. Data were collected from electronic
medical records; included demographic data, antibiotic allergy labels, allergic reaction, and allergy
testing.

Results: Clindamycin was administered in 445 patients who underwent 451 operations. Among
these patients, 53.0% (/7= 236) were female with a median age of 15 years (range; 0.5-57.0
years). PCN and cephalosporin allergies were labelled in 83.8% (7= 373) and 25.6% (/7= 114)
patients, respectively; 11.4% (n=51) of patients were allergic to both classes of the antibiotics.
There were 191 (51.2%) and 73 (64.0%) possible hypersensitivity reactions (HSRs) in PCN

and cephalosporin groups, respectively. The most common reactions were rash (PCN: 7= 99,
26.5%; cephalosporin: 7= 35, 30.7%), and hives (PCN: n= 71, 19.0%,; cephalosporin: n= 24,
21.1%). Severe reactions included angioedema (PCN: n=7, 1.9%; cephalosporin: n=5, 4.4%),
anaphylaxis (PCN: n= 8, 2.1%; cephalosporin: 7= 7, 6.1%), bronchospasm (cephalosporin: 7=
1, 0.9%), airway involvement (PCN: n=1, 0.3%; cephalosporin: n= 1, 0.9%), serum sickness
(PCN: n=1, 0.3%), blisters (PCN: n=1, 0.3%), and drug reaction with eosinophilia and systemic
symptoms (DRESS) (PCN: n=1, 0.3%). Low-risk history of allergy included gastrointestinal side
effects (PCN: n=9, 2.4%; cephalosporin: n= 3, 2.7%), positive family history (PCN: n=7,
1.9%; cephalosporin: 7= 1, 0.9%), and remote history of allergy (PCN: 7= 2, 0.5%). There were
201 (53.9%) and 53 (46.5%) unknown reactions in PCN and cephalosporin groups, respectively.
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In the overall cohort, 3 patients (0.7%) were skin tested for drug allergy (PCN: n= 2, 0.5%;
cephalosporin: 7= 2, 1.8%).

Conclusion: Clindamycin was largely administered in patients with non-severe HSRs, low-
risk history or unknown reactions to PCN or cephalosporin, whom cefazolin could have been
administered safely. Obtaining a detailed history of antibiotic allergy, allergy testing and/or direct
oral challenge can de-label unsubstantiated PCN or cephalosporin allergy and ultimately reduce
the incidence of SSls by optimizing the rate of more effective antibiotic administration.
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1. Introduction

Surgical site infections (SSIs) are the most common surgical infections and occupy

20% of the estimated two million nosocomial infections in the U.S., responsible for the
aggregate annual cost of $3.5-$10.1 billion.! Because SSls are associated with significant
morbidities and mortalities, SSI prevention practice bundles are being used worldwide. SSI
bundles include preoperative prepping and prophylactic antibiotic administration. Despite
the institution of SSI bundles, SSIs remain a significant healthcare issue, and additional
approaches are urgently needed.

Appropriate use of perioperative antibiotic is an important element to reduce the SSls
rate.2: 3 The selection of an appropriate surgical prophylactic antibiotic is based on; 1) the
spectrum of activity against pathogens that commonly contaminate the surgical site, 2) the
safety profile, 3) the adverse consequence for the microbial flora of the patient, or for the
hospital, and 4) patient’s medication allergy profile.2 On that account, cefazolin, the first-
generation cephalosporin, is generally used as a first-line antibiotic agent for prophylaxis.
Nonetheless, penicillin allergy label is a major concern that hinders the use of cefazolin
because of the concerns on the cross reactivity between penicillins and cepharosporins;* and
that clindamycin has become the most common alternative antibiotic chosen for surgical
prophylaxis.> 8 Despite 10% of all patients in the United States are labelled with penicillin
allergy,” only 1% of general population is truly allergic to penicillin.8 Over 95% of patients
who were labeled as allergic to penicillin could tolerate the antibiotic well and were de-
labelled after skin testing and oral challenge.%-11

Cefazolin have been successfully safely administered as a surgical prophylactic antibiotic in
patients with penicillin allergy labels.> 12:13 |t is still common to administer an alternative
antibiotic for prophylaxis if patients are labeled to have penicillin allergy. However,
clindamycin is associated with an increased incidence of SSls.14-17

Implementing a structured allergy history for preoperative patients resulted in a dramatic
reduction in alternative antibiotic prophylaxis with no serious adverse events, significant
delays in antibiotic administration, or delays in operating times due to the interventions.13
De-labeling strategies after obtaining a detailed history of antibiotic allergy and appropriate
allergy testing will maximize the number of patients who can successfully receive beta-
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lactam antibiotics for perioperative prophylaxis, leading into the reduction of SSls. Currently
there is a limited literature examining allergy profiles of patients who received clindamycin
in the perioperative setting. Here we aimed to determine the characteristics of penicillin

or cephalosporin allergic reactions in patients receiving clindamycin as surgical antibiotic
prophylaxis. Stratification of patient’s risk could possibly indicate subsequent protocol
management leading to de-labeling of penicillin or cephalosporin allergy. The ultimate goal
is to mitigate the incidence of SSls.

2. Material and methods

This study prospectively enrolled all consecutive patients who received clindamycin as a
surgical antibiotic prophylaxis from September 2021 to March 2022 at Boston Children’s
Hospital. The study protocol was approved by an Institutional Review Board, and informed
consent was waived.

We recorded patients’ demographic data (age, gender), type of antibiotic allergy label,
characteristics of allergic reactions, allergy testing, other drug / non-drug allergy, and type of
surgery. All data were collected from electronic medical records and Anesthesia Information
Management System™ (AIMS). Allergic reactions were characterized as 1) hypersensitivity
reactions including non-severe (rash, hives, and flushing) and severe reactions (angioedema,
airway involvement, bronchospasm, anaphylaxis, serum sickness, blisters / Steven-Johnson
syndrome (SJS), and drug reaction eosinophilia and systemic symptoms (DRESS)). Low-
risk history included drug side effects or intolerances, remote history of allergy, and family
history of previous allergy.

Data were analyzed using Stata version 17.0 software (StataCorp, College Station, TX).
Categorical and continuous variables were presented with number and percentages, and
median and range, respectively.

3. Result

Over a 6 month of the study period, clindamycin was administered in 445 patients in a total
of 451 operations. Of these patients, 53.0% (7= 236) were female with a median age of 15
years (range; 0.5-57.0 years) (Table 1). Approximately one-fourth of the study population
were younger than 10 years old. Penicillin and cephalosporin allergies were labelled in
83.8% (n7=373) and 25.6% (n = 114), respectively; 11.4% (n=51) of patients were allergic
to both classes of antibiotics. Types of penicillins and cephalosporins that resulted in allergy
labels were illustrated in Fig. 1. Nine patients (2%), who did not have previous history

of beta-lactam antibiotic allergy, received clindamycin for surgical antibiotic prophylaxis
without well-defined indications.

There were 191 (51.2%) and 73 (64.0%) possible hypersensitivity reactions in penicillin

and cephalosporin groups, respectively. Characteristics of allergic reactions; classified by
non-severe hypersensitivity reaction, severe hypersensitivity reaction, low-risk history, and
unknown reaction, were demonstrated in Table 2 and Fig. 2. Of all hypersensitivity reactions
reported, 80-90% of the reactions were considered non-severe reactions. These included
rashes (penicillin: 7=99, 26.5%; cephalosporin: 17 = 35, 30.7%), hives (penicillin: n=
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71, 19.0%; cephalosporin: n= 24, 21.1%) and flushing (penicillin: 7= 1, 0.3%). Severe
hypersensitivity reactions that potentially preclude the use of beta-lactam antibiotic were
angioedema (penicillin: n=7, 1.9%; cephalosporin: n=5, 4.4%), anaphylaxis (penicillin:
n=28, 2.1%; cephalosporin: 7= 7, 6.1%), bronchospasm (cephalosporin: 7= 1, 0.9%),
airway involvement (penicillin: 7= 1, 0.3%; cephalosporin: 7= 1, 0.9%), serum sickness
(penicillin: n=1, 0.3%), blisters (penicillin: 7= 1, 0.3%), and drug reaction with
eosinophilia and systemic symptoms (DRESS) (penicillin: n=1, 0.3%).

In the overall cohort, 7 patients were labelled with beta-lactam allergies (7 penicillin labels,
1 cephalosporin label), without previous exposures to the antibiotics, because their parents
were concerned of familial inherited allergy. There were 201 (53.9%) and 53 (46.5%)
unknown reactions to beta-lactam allergy in PCN and cephalosporin groups, respectively.
Skin testing was performed in 3 patients (penicillin: 7= 2, 0.5%; cephalosporin: n= 2,
1.8%) of the study population.

4. Discussion

We reported remarkably high proportions of patients, with unknown reaction, low-risk
history, or non-severe hypersensitivity reactions to penicillin and cephalosporin allergies,
whom received clindamycin as an alternative antibiotic prophylaxis. The majority of
hypersensitivity reactions were rashes and hives. Of all 33 severe hypersensitivity
reactions, only 3 reactions (serum sickness, blisters, DRESS) were truly contraindicated for
cefazolin.1® Moreover, 1.5% of our study population have never been exposed to penicillins
or cephalosporins but were inappropriately labelled as antibiotic allergy due to previous
family history of allergy.

These uncritical notions of allergic reaction to drug-associated side effects, non-
specific rash, or unfavorable past experience have created much of the uncertainty
regarding cephalosporin use in “penicillin-allergic” individuals. The same is true

for “cephalosporin-allergic” individuals. The unsubstantiated allergic labels have been
increasingly acknowledged as a significant health problem that proclaims the use of
cefazolin for surgical prophylaxis.

The primary reason that most physicians elect to omit the use of cefazolin in the presence

of penicillin or cephalosporin allergy labels is largely due to a misunderstanding of cross-
reactivity pathophysiology; and also, to avoid litigation that cefazolin administration would
result in an anaphylactic reaction. However, an outdated 10% cross-reactivity dogmal®
between the two drug classes could be overestimated.2® This overestimation was attributable
to 1) the contamination of small amount of penicillin to the first-generation cephalosporins
manufactured before 1980,21 and 2) the poor methodology of the researches cited as
references.?2 Contemporary studies reported only 2—3% at most of cross-reaction in patients
with positive skin test for penicillin and cephalosporin.23: 24 A recent systematic review

and meta-analysis revealed the cross-reactivity rate of less 1% in patients with unconfirmed
penicillin allergy.24

Perioper Care Oper Room Manag. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Maisat et al.

Page 5

Regarding basic chemical structures, penicillins have one side chain (R1) and
cephalosporins have two side chains (R1 and R2) (Fig. 3). The cross-reactivity is primarily
based on the immunogenicity of R1 side chain, not the shared beta-lactam ring or R2 side
chain.8: 2526 |n contrast to other cephalosporins, cefazolin does not share an R1 side chain
with any of the current FDA-approved beta-lactams (Fig. 4).25 26 This property should make
cefazolin safe to be administered in patients with a penicillin or even cephalosporin allergy,
which is consistent with other clinical studies.?: 13. 24 Table 3 demonstrated penicillins and
cephalosporins with similar R1 side chains and possible cross-reaction.28

The use of clindamycin has been associated with a higher incidence of SSI in several
procedures including pediatric spinal fusion surgeries,16 ventriculoperitoneal shunt for
pediatric hydrocephalus,” and head, neck osteomyocutaneous free flap surgery.1® There
was a 50% increasedodds of SSIs among patients who were labelled with penicillin allergy.
The increased SSI risk is potentially reducible if the patients could receive first-line beta-
lactam antibiotic prophylaxis after a negative penicillin allergy evaluation.® Even though
clindamycin retains activity against many Gram-positive cocci and anaerobes,2”: 28 its
efficacy could be inferior to cefazolin for several reasons. The antimicrobial steward-ship
guideline proposed clindamycin as a second-line agent against organisms for SSIs due to

its overly broad spectrum, toxicity, and paucity of direct evidence of effectiveness.2” The
comparison of antibacterial spectra between cefazolin and clindamycin was shown in Table
4.27 Additionally, clindamycin is predominantly metabolized by the liver CYP450, 3A4
enzyme; the concurrent use of CYP3A4 inducers can potentially reduce plasma clindamycin
concentration including its bacteriostatic efficacy. For example, St. John’s wort, commonly
consumed over the counter herbal medication, is one of CYP34A inducers. A recent study
also demonstrated a significant increase in clindamycin-resistant S. aureus isolated from
patients with SSls.2

It is worth noted that multiple allergies could have biased the labeling of penicillin or
cephalosporin allergy. We identified a remarkable number of patients who were labelled
with combined penicillin and cephalosporin allergies although the dual allergy rate is
supposed to be relatively low. Other coexisting non-beta-lactam or other non-drug allergies
were also common in our study. In addition, previous study reported that penicillin-allergic
individuals were more likely to have a new cephalosporin allergy report after a treatment
with cephalosporin.30

Penicillin or cephalosporin allergy is not uncommon among young age group. The non-
urticarial rash that occurred after the treatment of common pediatric infections with oral
penicillin could be mislabeled as drug allergy, rather it could have been drug-induced
delayed rashes, viral exanthem, or drug intolerance. Once the antibiotic allergy is labelled to
the pediatric individual, it is likely to be carried forward into adulthood. This could result in
a lifelong avoidance of beta-lactam class of antibiotic and adverse outcomes as previously
mentioned. Most children with a history limited to rash can tolerate penicillin well after
subsequent challenge. Targeting de-labeling of unsubstantiated penicillin or cephalosporin
allergy in pediatric population will positively improve the rate of appropriate antibiotic use.
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This study also has several limitations. Although our study was conducted at a single
institution, many of our patients have carried antibiotic allergy labels from different
hospitals. Many of the allergic reactions in our electronic medical record were depended
on parental recall or self-reported. This potentially led to missing or incomplete history,
and we were unable to classify allergic reactions based on the existing data. However, we
believed that the significant allergic reactions would not have been missed on our database.

5. Conclusions

This study identified a large proportion of patients with non-severe hypersensitivity
reactions, low-risk history, or unknown reactions of penicillin or cephalosporin allergy;
whom cefazolin could possibly have been administered safely. Early de-labeling of
unsubstantiated antibiotic allergy can prevent allergy labels carrying into adulthood.
Obtaining a detailed history of antibiotic allergy, allergy testing and/or direct oral challenge
can de-label penicillin or cephalosporin allergy; and ultimately reduce the incidence of SSls
by optimizing the rate of more effective antibiotics administration.
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Fig. 1.
Types of penicillin (A) and cephalosporin (B) allergy labels.
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Fig. 2.

Cr?aracteristics of allergic reaction/history classified into 1) non-severe hypersensitivity
reactions (rash, hives, flushing), 2) severe hypersensitivity reaction (angioedema,
airway involvement, wheezing, anaphylaxis, serum sickness, blisters, drug reaction with
eosinophilia and systemic symptoms (DRESS)), 3) low-risk history (gastrointestinal
symptoms, remote history, family history), and 4) unknown reaction.
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Chemical structures of commonly used penicillins and cephalosporins showing the
similarities of R1 side chains (highlighted in red).
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Characteristics of cohort patients.

N =445
Gender; female, n (%) 236 (53%)
Age group (yr), n (%)
<5 32(7.2)
5-10 73 (16.4)
11-20 266 (59.8)
21-30 57 (12.8)
>31 17 (3.8)
Types of surgery, n (%)
Orthopedic 204 (45.8)
Plastic 60 (13.5)
Neurologic 41 (9.2)
Urologic 35(7.9)
Gastrointestinal 31(7.0)
Otolaryngologic 29 (6.5)
Cardiac catheterization 21(4.7)
Dental 11 (2.5)
Interventional radiology 6 (1.3)
Gynecologic 3(0.7)
Gastrointestinal endoscopy 2(0.4)
Cardiothoracic 2(0.4)
Types of beta-lactam allergy, n (%)
Penicillins class 373 (83.8)
Cephalosporins class 114 (25.6)
Isolated PCN allergy, n (%) 322 (72.4)
Isolated cephalosporin allergy, n (%) 63 (14.2)
Combined beta-lactams allergies, n (%) 51 (11.5)
Total numbers of PCN/cephalosporin allergy, n (%)
0 9(2.0)
1 331 (74.4)
2 88 (19.8)
=3 1738)
Total numbers of other drug allergies, n (%)
1 80 (18.0)
2 21(4.7)
>3 15 (3.4)
Total numbers of other non-drug allergies, n (%)
1 80 (18.0)
2 28 (6.3)
>3 34 (7.6)
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Table 2

Characteristics of allergic history/reaction.

Penicillins (n = 373)

Cephalosporins (n = 114)

Non-severe HSRs, n (%)

Rash 99 (26.5%)
Hives 71 (19.0)
Flushing 1(0.3)

Severe HSRs, n (%)
Angioedema 7(1.9)

Airway involvement 1 (0.3)

Wheezing 0(0.0)
Anaphylaxis 8(2.1)
Blisters 1(0.3)
Serum sickness 1(0.3)
DRESS 1(0.3)
Low-risk allergic history, n (%)
Gl side effects 9(2.4)
Family history 7(1.9)
Remote history 2(0.5)
Unknown, n (%) 201 (53.9)

35 (30.7)
24 (21.1)
0(0.0)

5 (4.4)
1(0.9)
1(0.9)
7(6.1)
0(0.0)
0(0.0)
0(0.0)

3(2.6)
1(0.9)
0(0.0)
53 (46.5)

DRESS, drug reaction with eosinophilia and systemic symptoms; Gl, gastrointestinal; HSR, hypersensitivity reaction.
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Table 4

Cefazolin and clindamycin antibacterial spectra.

Cefazolin  Clindamycin

Aerobic, gram-positive cocci

S. aureus MSSA ++ +
S. aureus MRSA 0 +
Staph coag-neg (S) ++ +
Staph coag-neg (R) 0 +
S. epidermidis (S) ++ +
S. epidermidis (R) 0 +
S. lugdunensis ++ +
S. sapophyticus +4 +
Strep. Anginosus gp + +
Strep. pyogenes (A) + +
Strep. agalactiae (B) + +
Strep. Pneumoniae + +
Viridans Strep. + +

Aerobic, gram-negative bacilli, Enterobacter

E. coli (S) +
Kilebsiellasp. (S) +
P mirabilis +

Aerobic, gram-negative bacilli, non-enterobacter

Capnocytophaga sp. 0 ++
Kingella sp. + 0
Anaerobic, gram-negative bacilli

B. fragilis 0 [
F. necrophorum 0 +
Prevotella sp. 0 +

Anaerobic, gram positive

Actinomyces sp. 0 4+
Clostridium sp. 0 +
P, acnes + +
Peptostreptococci + +

(Modified from source: The Sanford Guide to Antimicrobial Therapy 2021).

++
s ]Recommend: Agent is a first line therapy: reliably active in vitro, clinically effective, guideline recommended, recommended as a first-line
agent or acceptable alternative agent in the Sanford Guide.

+
s ]Active: Agent is a potential alternative agent: active in vitro, possesses class activity comparable to known effective agents or a therapeutically
interchangeable agents and hence likely to be clinically effective, but second line due to overly broad spectrum, toxicity, limited clinical experience,
or paucity of direct evidence of effectiveness.

+
[']Variable: Variable activity such that the agent is not reliable effective in some infections or should be used in combination with other agent,
and/or its efficacy is limited by resistance which has been associated with treatment failure.

9]

ot Recommended.
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*
Clindamycin activity against B. fragilis has been declining and rates of resistance world-wide approach 60%.
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