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BACKGROUND
Up to 15% of hospitalized patients report a penicillin allergy, but most
can tolerate a β-lactam (BL). Use of second-line, alternative, non-BL
antibiotics poses untoward health consequences. Assessing for true
penicillin allergies includes penicillin skin testing (PST) and a direct
amoxicillin challenge, each with their own limitations when applied
to vulnerable hospitalized patients. For inpatients, a graded challenge
(GC) with the desired BL offers a streamlined short-term approach for
many who could benefit from a first-line BL agent.

In 2019, a hospital-wide BL Allergy Assessment and Clinical Pathway
was implemented at Northwestern Memorial Hospital (NMH) in
Chicago, Illinois, which included a BL GC procedure managed by the
antimicrobial stewardship program (ASP) for low-risk patients (Figure
1 & 2).

Figure	1

Figure	2

The aim of this study was to assess the safety outcomes of the GC
procedure in hospitalized patients. A retrospective, observational
cohort study was conducted in adult inpatients who completed a GC
procedure between 9/2019 - 9/2021 at NMH, an 894-bed tertiary
academic medical center.

Primary objective:
To determine the incidence of a hypersensitivity reaction* post administration of a β-lactam
GC dose or completed GC procedure, with or without a preceding PST.
*Hypersensitivity reactions: non-severe cutaneous reactions including itching, flushing, rash, tingling, and urticarial (hives); severe
IgE reactions include shortness of breath, angioedema, swelling, bronchospasm, wheezing, hypotension, syncope, dizziness,
arrhythmia, anaphylaxis, or a positive PST; and severe delayed immunologic reactions include organ-specific reactions and severe
cutaneous adverse reactions occurring anytime post administration of a β-lactam GC dose until hospital discharge.

Secondary objectives:
1) To determine the incidence of a non-hypersensitivity reaction or intolerance post

administration of a β-lactam GC dose or completed GC procedure, with or without a
preceding PST.

2) To identify successful antimicrobial stewardship interventions** in subjects tolerant to a β-
lactam GC assessment procedure in efforts to improve antibiotic use.

**Interventions include: timely antibiotic switch to an appropriate and preferred β-lactam antibiotic with completion of treatment
course and updating or de-labeling of penicillin allergy profile in the electronic medical chart.

Inclusion Criteria
• >18 years of age
• In-patients at Northwestern Memorial Hospital, Chicago, Illinois.
• Completed a β-lactam GC between 9/2019-9/2021 as instructed in the 2019 NMH GC
guidance document. Partial IV graded challenge doses were included if Allergy and
Immunology approved.

Exclusion Criteria
Pre-op surgical amoxicillin graded challenges

• 51	patients	completed	a	BL	GC	between	September	1,	2019	and	September	1,	2021.	
• Majority	of	the	GC	procedures	were	managed	by	the	NMH	allergy	consult	service	(92%;	47/51)	vs.	ASP.
• Reasons	for	this	are	believed	to	be	due	to	the	complex	nature	of	our	hospitalized	patients	who	had	a	mean	CCI	of	

3.8	(0-11),	a	history	of	immunosuppression	(41%;	21/51)	and/or	a	psychiatric	condition	(27%;	14/51)	with	a	
moderate	to	high-risk	for	a	severe	hypersensitivity	reaction	based	on	their	reported	allergy	history	(67%;	34/51).	

• With	consideration	of	baseline	risk(s)	for	a	BL	challenge	with	or	without	a	preceding	PST,	2	of	the	51	hospitalized	
patients	challenged	with	a	BL	required	termination	of	the	GC	procedure	due	to	non-life	threatening	events.

• 39%	(20/51)	were	challenged	with	and	tolerated	a	penicillin or	first-generation	cephalosporin	(ie.	cephalexin)	even	
in	those	with	a	moderate	to	high	risk	for	a	severe	reaction	based	on	allergy	history.	
• Significant	time	since	the	index	reaction	(eg.	>10	years)	may	offer	safe	challenge	opportunities	for	moderate	risk	
hospitalized	patients	without	the	need	for	a	formal	allergy	consult.

• 73%	(37/51)	were	switched	to	a	BL	with	a	mean	duration	of	therapy	of	27	days	(1-140	days).	
• Exerting	the	GC	averted	the	use	of	a	second-line,	alternative,	antibiotic	and	possibly	mitigated	untoward	events	

given	the	lengthy	course	of	antibiotic	therapy	for	several	patients.
• 49%	(25/51)	and	16%	(18/51)	of	patients	had	their	β-lactam	antibiotic	allergy	label	either	de-labeled	or	clarified,	

respectively,	in	the	allergy	profile	of	the	electronic	medical	record.
• The	GC	procedure	in	our	hospitalized	patients	was	well	tolerated	even	for	those	with	a	moderate-high	risk	allergy	

history	concerning	for	a	severe	hypersensitivity	reaction.	As	a	result,	most	infections	completed	treatment	using	a	
first-line,	preferred,	BL	agent.	Ongoing	efforts	to	improve	documentation	of	BL	allergies	is	warranted.
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13	moderate-risk	(>	10	years)	and	5	high-risk	(<	10	years)
patients	tolerated	GC	with	a	penicillin or	cephalexin.
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Ideally use  E-lactam with different side chain (see E-Lactam Cross-reactivity: Side-Chain Chart) 
If use of E-lactam from the same class is desired, further discussion is necessary. Consult ASP by paging 55955 

PENCILLIN Allergy: 
First Line: Cephalosporin 
Second Line: Carbapenem 

CEPHALOSPORIN Allergy: 
First Line: Penicillin 
Second Line: Carbapenem 

CARBAPENEM Allergy 
First Line: Penicillin or Cephalosporin 
 

AZTREONAM Allergy 
First Line: Penicillin or Cephalosporin 
Second Line: Carbapenem 
 

Do not use ceftazidime in aztreonam 
allergic patients and visa versa 

 
History of a reaction to a E-lactam 

 

Has the patient received and tolerated  
antibiotic in the same class since prior reaction? 

Order, process and administer   
E-lactam antibiotic of choice 

NON-ALLERGIC 
 ISOLATED ADVERSE DRUG EVENT 

(GI upset or headache) 
AND 

Indication for E-lactam antibiotic 

LOW RISK  
Non-Severe, Non-IgE Mediated Reaction 

 

 

Severe, NON-IgE  
Mediated Reaction 

(Hemolysis, serum sickness,  
Stevens-Johnson Syndrome,  
Toxic Epidermal Necrolysis, 

or DRESS syndrome) 
 

 
 

 
*Consult ASP by paging 55955 to 

 discuss candidacy of Graded Challenge* 
 

If appropriate candidate,  
order Graded Challenge and  

select appropriate agent as below. 
  

If a E-lactam is optimal, 
consult ASP by paging 55955, 
who will partner with Allergy 

for risk assessment and 
treatment options  

 NO 

 YES 

**Patient consent and clinical judgement is required to carefully weigh the risks and benefits of performing a graded challenge         Created 1.2019 
If questions, please page ASP (Antimicrobial Stewardship Program), pager 55955 (NMH)           Updated 10.2019

   

ALLERGY RISK CHECKLIST 
 

Time Frame and Severity of Reaction 

� Recalls the reaction as being severe (i.e., anaphylaxis, 

TEN, SJS, DRESS, hemolysis, serum sickness) 

� Reaction < 10 years ago 
� ER evaluation or hospitalization 

� Liver, kidney or hematologic involvement 
� Joint swelling 

� Fever 
Skin and Mucosal Involvement 

� Rash occurred < 72 hours of receiving drug 
� Mucosal involvement (oral or ocular) 

� Hives 

� Swelling 

� Blisters or skin peeling 
Upper and Lower Airway Involvement 

� Throat tightness 

� Shortness of breath, wheezing 
Cardiovascular Involvement 

� Dizziness or lightheadedness  

� Palpitation, syncope 
 

TEN: Toxic Epidermal Necrolysis; SJS: Stevens-Johnson Syndrome;  
DRESS: Drug Rash with Eosinophilia and Systemic Symptoms 
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Definite or Possible 

IgE-Mediated 
Reaction 

or 
Unknown reaction 

 
 

NO to 
All 

except 
isolated 

fever 

YES to 
Any 

except 
isolated 

fever 

Use a  
NON- E-Lactam 

Antibiotic 

Indication for E-lactam antibiotic 

Document any changes  
to the patient allergy history  
within the EPIC allergy profile 

See Graded Challenge Guidance Document 

 

 

 

NO 

 YES 

Northwestern Medicine -Lactam Cross-reactivity Side-Chain Chart      
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

• Select a -lactam from a different class with a dissimilar R1/R2 side chain (clear box)          Antimicrobial Stewardship Program, pager 55955 
• The R1 side chain is the major factor for cross-reactivity due to antibody recognition between cephalosporins and penicillins. 
• Cross-reactivity with cefazolin or carbapenems is very unlikely 
• Cross-reactivity with monobactam (aztreonam) is absent, with the exception of ceftazidime 
• Independent hypersensitivity reactions (HSR) not related to a cross-reaction due to antibody recognition may occur (e.g. oxacillin: often non-IgE-

mediated HSR - maculopapular rash, acute interstitial nephritis, and immune-mediated hepatitis    
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= AVOID 
Cross-reaction likely 
Identical R1 or R2 side chain 
 
 

= CAUTION 
Cross-reaction less likely 
Similar R1 or R2 side chain 
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Dissimilar R1 or R2 side chain 
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