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Managing Beta-Lactam Allergies 
 
Approximately 10% of the population reports having an allergy to a penicillin or other beta-lactam antibiotic.1  However, about 90% of these patients 
are able to safely tolerate penicillins when re-exposed.2-7  Guidelines recommend taking steps to proactively delabel penicillin allergy.8  This can help 
avoid the use of second-line antibiotics, which may be less effective, more expensive, more toxic, or have a broader spectrum of activity than necessary 
(which may contribute to antibiotic resistance).3,4,9,10  Conducting a thorough allergy history is sometimes enough to determine a falsely labeled allergy.  
It can also help determine which patients can complete desensitization or challenge, or who should undergo skin testing to rule out IgE-mediated 
antibiotic allergies.5-7  In patients with a proven penicillin allergy, it is important to know which antibiotics can be safe alternatives.  The chart below 
answers common questions about beta-lactam allergies, cross-reactivity, treatment options, and offers tips for evaluating allergy history with a review 
of desensitization and challenge protocols. 
 
Clinical Question Suggested Approach/Pertinent Information 
What are the different 
types of hypersensitivity 
reactions? 

Immediate/Accelerated Reactions (type I):  mediated by IgE antibodies.4   
 Immediate:  typically occur within one hour (but could be up to six hours) of medication dose.1 
 Accelerated:  typically occur within one to 72 hours of medication dose.1 
 Signs and symptoms could include anaphylaxis, angioedema, drop in blood pressure, itchy rash, hives, swelling of 

the larynx, and wheezing.  Patients may also have GI symptoms (e.g., nausea, vomiting, diarrhea) when the med 
was administered orally.1,4 

Late/Delayed Reactions (type II, III, IV, and idiopathic):  non-IgE-mediated reactions 
 Type II (cytotoxic):  mediated by IgG or IgM antibodies; onset is hours to days.4,12 

o Signs and symptoms include hemolytic anemia, interstitial nephritis, and thrombocytopenia.1 
 Type III (immune complex):  mediated by IgG and IgM immune complexes, onset is 7 to 21 days.4,12 

o Typically presents as serum sickness (rash, joint pain, itching, swollen lymph nodes).4 
 Type IV (cell-mediated):  delayed reaction with an onset of days to weeks.4,12 

o Can present as contact dermatitis, Stevens-Johnson syndrome.1,12 
 Idiopathic Reactions:  Mediated through unknown mechanisms.13 

o Typically present as a maculopapular or morbilliform rash.13  
o Example is the rash after use of ampicillin or amoxicillin in patients with a viral infection (e.g., Epstein-Barr, 

cytomegalovirus).13  Risk appears to be highest in patients who receive ampicillin.13,14  
o Patients who develop this rash are likely to be able to tolerate penicillins in the future.13-15 
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Clinical Question Suggested Approach/Pertinent Information 
How should a penicillin 
allergy be assessed? 

 Obtain a thorough allergy history to assess likelihood of a true allergy and to gauge severity.35 

 See our resource for more tips on Investigating Possible Drug Allergy or Sensitivity.  Consider using a validated 
clinical decision rule (e.g., PEN-FAST) to identify low-risk penicillin allergies.16 

 Examples of questions to ask the patient include:13,15 
o Please describe the reaction.  How was the reaction managed? 
o How old were you when the reaction occurred?  
o When did the reaction occur?  After the first dose?  After the tenth dose?  
o How was the penicillin administered?  Orally?  Intravenously?  
o What other medications were you taking at that time? 
o When the penicillin was stopped, what happened? 
o Have you since taken a penicillin (e.g., amoxicillin), cephalosporin (e.g., cephalexin), carbapenem, or 

monobactam?  If yes, what happened? 
 

 Document the antibiotic given and its indication, reaction symptoms and their onset, treatment of the reaction, and 
how long ago the reaction occurred.4,5,17   

 IgE-mediated reaction risk diminishes over time.  After ten years, at least 80% do not react and risk may be as low 
as 1% to 2%.5,18 

 Guidelines recommend delabeling patients with histories that are not consistent with a penicillin allergy  
(e.g., headache, family history of a penicillin allergy), without the need for allergy testing.8 
o Single treatment-dose challenge with observation can be used for patients who are reluctant (even after 

counseling) to remove their penicillin allergy from their medical record.8 
 Reactions can occur in patients with viral infections who are on antibiotics (e.g., a rash in a patient with 

mononucleosis taking amoxicillin).  Be careful that these are not mislabeled as allergic reactions.9,19  These 
reactions do not indicate a true allergy to the med.9,19 

 Be alert to patients who report being allergic to multiple meds, to try to separate adverse drug reactions and 
allergic reactions.  In general, patients with a penicillin allergy are three times more likely to have an adverse 
effect to an unrelated drug.4 
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Clinical Question Suggested Approach/Pertinent Information 
How can antibiotic 
allergic reaction risk be 
stratified? 
 

 Guidelines place an emphasis on risk stratification based on reaction phenotype.8 

 Consider the reaction symptoms and their severity to help determine the likelihood of true allergy and the risk for 
subsequent reactions:5 
o High risk:  anaphylaxis, within minutes to hours of exposure, is IgE-mediated (type I).5,17,21  

 signs and symptoms of anaphylaxis typically affect two or more organ systems and may involve:5,17  
 skin and/or mucosa (angioedema, flushing, and/or hives). 
 respiratory tract (shortness of breath, stridor, and/or wheezing). 
 gastrointestinal tract (persistent diarrhea and/or vomiting). 
 circulatory (hypotension and/or syncope); note isolated hypotension may also indicate anaphylaxis. 

 positive skin testing, recurrent and/or recent reactions (less than one year ago), or reaction to two or more 
meds in the same class.5,21  These reactions are more likely to be IgE-mediated (type 1).21 
 Patients with reactions within the previous three months have a 20% to 50% chance of reacting again 

upon re-exposure to the med.3 
 Severe, delayed reactions:  organ involvement (e.g., hepatitis), serum sickness, Stevens-Johnson 

syndrome, and other reactions occurring several days into therapy.4,5 
 Re-exposure to the med is contraindicated with these reactions.4,22,23   
 These late-onset reactions are not IgE-mediated.3,4 

o Moderate risk:  isolated hives or an IgE-mediated feature (e.g., abdominal pain, or wheezing. 
o Low risk:  isolated GI symptoms, headache, mild rash, or itching. 

Which beta-lactams 
have similar R-group 
side chains? 

 Cross-reactivity among beta-lactams is primarily driven by R-group side chains. 
 Reported cross-reactivity rates vary and range from about 16% to 40% between penicillins and cephalosporins 

with identical R-group side chains.36 
 Cephalosporins with low R-group side chain similarity to penicillins (e.g., cefazolin, cefuroxime, and the third-, 

fourth-, and fifth-generation cephalosporins) have a low risk of cross reactivity with penicillins.36 
 Beta-lactams with identical R-group side chains include:8,33,36 

o amoxicillin, cefadroxil, and cefprozil. 
o ampicillin, cefaclor, and cephalexin. 
o aztreonam, ceftazidime, and cefiderocol. 

 The following cephalosporins share similar R-group side chains:8,33,41 
o cefuroxime and cefoxitin. 
o ceftriaxone, cefotaxime, cefpodoxime, cefditoren, and cefepime. 
o cephalexin, cefaclor, and cefadroxil. 

 Many charts are available online with more information on R-group cross-reactivity  
(e.g., https://adsp.nm.org/allergy-resources.html). 
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Clinical Question Suggested Approach/Pertinent Information 
How/when can a patient 
reporting a penicillin 
allergy be treated with a 
penicillin? 
 

 Low-risk patientsa may be appropriate for a direct challenge.3,5,8 
 Moderate-risk patientsa may be appropriate for skin testing if available, or can consider a drug challenge.3,5 
 High-risk patients,a when the culprit med is required therapy:  use desensitization (note that if a patient has a 

negative skin test, desensitization is not needed).3,5,24 
 Avoid penicillins, including penicillin skin testing, in patients who have a history of severe NON-IgE-mediated 

reactions to penicillin, such as type II, III, or IV reactions (e.g., Stevens-Johnson syndrome, interstitial 
nephritis, hemolytic anemia).5,26,31,32 

 Patients who have allergic reactions to piperacillin/tazobactam may tolerate other penicillins.8   
o Specific piperacillin/tazobactam skin testing may be helpful in these patients when amoxicillin and penicillin 

skin testing is negative.8 
 

What is the likelihood 
that a penicillin-allergic 
patient will react to a 
cephalosporin? 

 Data show that between 1% and 4% of patients with a penicillin allergy will have a true allergy to a cephalosporin, 
much lower than previously suggested.5,33  More specifically, cross-reactivity with cephalosporins is: 
o about 0.1% if penicillin reaction was mild or without skin test-confirmed penicillin allergy. 
o about 2% for patients with a positive penicillin skin test. 

 Cross-reactivity is primarily driven by R1-group side chains, rather than to the beta-lactam structure itself.2,8,20 
 Historically, cephalosporins were contraindicated in patients with a penicillin allergy.  Older studies suggested 

cross-reactivity between penicillins and cephalosporins was as high as 50%.35  
o Some experts hypothesize that early cephalosporins (pre-1980) may have been contaminated with trace 

amounts of benzylpenicillin.33 
 

Can a patient reporting 
a penicillin allergy be 
treated with a 
cephalosporin? 
 

 Generally, any cephalosporin can be given to patients with a nonanaphylactic history.3,31,32,37 
 For patients with an anaphylactic reaction to penicillin, a non-cross-reactive cephalosporin can be given without 

prior testing (see above section on similar R-group side chains).8 
 Avoid cephalosporins in patients who have a history of severe NON-IgE-mediated reactions to penicillin (e.g., 

serum sickness, Stevens-Johnson, interstitial nephritis, hemolytic anemia).31,32 
 

Can a patient reporting 
a penicillin or 
cephalosporin allergy be 
treated with a 
carbapenem? 

 Cross-reactivity of type I IgE-mediated reactions between penicillins and carbapenems is very low.36,38-40 
 Guidelines suggest that patients with either a penicillin or cephalosporin allergy (even if it was anaphylactic) can 

be given a carbapenem without testing or precautions.8 
 As with all beta-lactams, carbapenems must be avoided in patients who have a history of severe NON-IgE-
mediated reactions to penicillin (e.g., serum sickness, Stevens-Johnson, interstitial nephritis, hemolytic 
anemia).31,32 
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Clinical Question Suggested Approach/Pertinent Information 
Can a patient allergic to 
penicillin or 
cephalosporins be 
treated with aztreonam? 
 

 Aztreonam (a monocyclic beta-lactam) can be administered to patients with allergies to penicillin or 
cephalosporins (except ceftazidime or cefiderocol) without prior testing.8,43  
o There is potential cross-reactivity with aztreonam and ceftazidime or cefiderocol, due to an identical  

R-group side chain.8,33,40,44 
o Use caution with aztreonam in cystic fibrosis when patients have hypersensitivities to beta-lactam 

antibiotics.40,45  Potentially due to exposure to high-dose repetitive antibiotics, these patients can have high 
rates of beta-lactam hypersensitivity and may have higher rates of cross-reactivity with aztreonam.45 

 
What treatment 
considerations are 
important for patients 
reporting a 
CEPHALOSPORIN 
allergy? 
 

 Treatments for patients reporting a cephalosporin allergy may be chosen based on R-group side-chain similarities.8 
o Patients with an immediate or accelerated allergy to a cephalosporin should not receive a cephalosporin  

(or aztreonam) with the same R-group side chain without cephalosporin skin testing and desensitization to 
that drug.8  

o A cephalosporin with a different R-group side chain may be able to be used safely.   
 Direct challenge is suggested with cephalosporins with dissimilar side chains in patients with non-

anaphylactic cephalosporin allergy.8 
 The use of cephalosporin skin testing, following by either desensitization or drug challenge, is suggested 

before a parenteral cephalosporin is administered if there is a history of anaphylaxis.8 
What treatment 
considerations are 
important for patients 
who report a 
CARBAPENEM 
allergy? 

 Patients with type I reactions to one carbapenem should avoid the use of other carbapenems due to lack of data on 
cross-reactivity.46 
o Can consider desensitization, if a carbapenem is truly needed (e.g., extended spectrum beta-lactamase 

producing organisms).32 
 Low-riska patients can usually be given a penicillin or cephalosporin.32 
 Moderate-risk patients can be given a penicillin or cephalosporin after a direct or graded challenge.32 
 High-riska patients can be given a penicillin or a cephalosporin after desensitization.32 
 

When are 
desensitization or drug 
challenges considered? 
 
 
 
 
 
 
 

 Desensitization and drug challenge are contraindicated for types II, III, IV, and idiopathic reactions (those with 
organ involvement).4,20,47 

 A graded drug challenge may be favored over skin testing in patients with a higher risk for true allergy  
(e.g., a severe reaction within the previous five years).4,5,22,24 

 Graded or direct drug challenge are used for patients with a history of non-life-threatening reactions, when there 
is a low clinical probability of a true drug allergy.8,49 
o direct challenge (also called one-step) may be preferred for most patients.3,8 
o patients with multiple drug allergies or significant anxiety may prefer a graded challenge.8 

 Be aware that allergists can differ on when to use graded vs direct challenge.6,7,29,34,37,50-52 
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Clinical Question Suggested Approach/Pertinent Information 
What are direct and 
graded drug challenges? 
 

 For a direct (one-step) challenge the antibiotic is given, then the patient is monitored for 30 to 60 minutes.4,5,47 
o For example, for a penicillin allergy, give amoxicillin 250 to 500 mg and observe for one hour.4,5,47 

 A graded challenge serves as a test dose for gauging allergic reaction risk while minimizing chances for 
provoking a severe response.5,8,22 
o can be performed by trained clinicians.  Close vital sign monitoring and quick access to meds for treating 

anaphylactic reactions are required.5 
o typically, involves two to three escalating doses, starting with a small percentage of the total dose and building 

up to the full dose.5,8,22 
 IV:  1% of the dose is given, then 10%, then the full dose.  Doses are given 30 to 60 minutes apart. 

 Use of a smaller initial dose may help offset the potentially higher allergic reaction risk associated 
with IV administration. 

 Orally:  10% to 25% of the dose is followed by the full dose 20 to 30 minutes later.8 
o Patient should be monitored for signs of reaction after each dose and have rescue meds readily available.4,51 

 Graded challenge procedures vary but generally involve giving two to three rapidly escalating step-wise doses.5,48  
The patient is then monitored for signs of a reaction and if none occurs, treatment proceeds with the full dose.5,48 
o For example, for an oral graded challenge for cephalexin:48 

 Prepare doses using cephalexin oral suspension 250 mg/5 mL. 
 Give 1/10th of the therapeutic dose (e.g., 50 mg [1 mL] for a target dose of 500 mg). 
 Observe the patient for 30 minutes. 
 If there are no signs of an allergic reaction, give the full dose (e.g., 500 mg [10 mL]). 
 Observe the patient for signs of a reaction for an additional 60 minutes. 

 Patients who don’t react during a drug challenge are deemed non-allergic to the med and their medical records 
should be updated accodingly.3,15 

 Patients who develop an acute allergic reaction during a drug challenge should undergo desensitization if the 
medication is deemed necessary for treatment.3 

 A patient-blinded placebo may be administered before starting a graded challenge.  This may help reduce the risk 
of false positive reactions being mistaken as true allergies.48  This approach is suggested for patients with low-risk 
reactions (e.g., subjective symptoms) or with multiple reported allergies.8,48 
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Clinical Question Suggested Approach/Pertinent Information 
What is desensitization?  Desensitization temporarily induces tolerance to the culprit antibiotic for a needed treatment course.15,23,24 

 It is reserved for patients at high risk of life-threatening reactions (e.g., history of anaphylaxis).15 
o Desensitization is preferred for patients with compromised cardiac or respiratory status and during 

pregnancy.5,22 
 Due to the risk of serious allergic reaction, desensitization should be performed under supervision of an allergist or 

specialist, in an ICU or other specialized care area with continuous vital sign monitoring, including rescue 
meds.5,15,17,23 
o Informed consent must be completed prior to initiation of desensitization. 

 Continuous dose escalations (often 12 or more) are given to increase blood levels of the med without triggering an 
immune response.4,15,23,47 

 Institutions should develop desensitization protocols which standardize the dose escalations given to achieve 
tolerance of the full dose.3,5   

 Published desensitization protocols are available for beta-lactams, carbapenems, sulfonamides, tobramycin, and 
vancomycin.3,17,26,47,53-57 
 
 

How often does 
desensitization or 
graded challenge need 
to be repeated? 
 

 Desensitization induces temporary tolerance that lasts only as long as the med is taken continuously.3,8,21,23 
o When the antibiotic treatment is held or discontinued, tolerance is lost and the desensitization procedure must 

be repeated/restarted if the patient requires further therapy.3,21 
o Educate patients to contact the prescriber for advice on how to proceed if one or more doses are missed.  

Tolerance is generally maintained through two to five half-lives of the antibiotic.3 
o Lack of allergic response following desensitization does NOT indicate a change in the patient’s allergy 

status.15 
 Ensure patients understand that they are still allergic to the med and that desensitization will likely need to 

be repeated for future treatment courses.5 
 Patients who don’t have a reaction during direct or graded challenge should be considered nonallergic.5 

o Be sure to update allergy info in the patient’s medical records to reflect their true allergy status.5 
o Tell patients that they are no longer allergic to the med and that it is safe for them to receive if needed.5,48 
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Clinical Question Suggested Approach/Pertinent Information 
When is allergy skin 
testing warranted?  

 Drug challenge is typically preferred over allergy skin testing (especially in patients with non-anaphylactic 
reactions or with a history of non-severe cutaneous reactions).8 

 Skin testing is of most value in patients with a history of anaphylaxis or a recent suspected IgE-mediated reaction 
(e.g., immediate onset urticaria).8 

 Skin testing is suggested for patients with anaphylactic cephalosporin allergy (rare), in addition to drug challenge, 
prior to administration of penicillin therapy.8 

 Skin testing may permit the preferred beta-lactam antibiotic to be used in a patient who may have had an IgE-
mediated reaction, when alternatives are less desirable, as when treating:5,17,21,24 
o methicillin-sensitive Staph aureus (MSSA) bacteremia with nafcillin rather than vancomycin.5,24 
o uncomplicated gonorrhea with ceftriaxone instead of broader-spectrum antibiotics.5,25  
o syphilis with penicillin during pregnancy rather than an a less effective alternative.5,26 

 Suggest consideration of delayed intradermal test and/or patch tests to identify culprit drugs when a patient has 
had a delayed reaction and the offending med is uncertain.8 

 
How is skin testing 
done? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Continued… 

 Skin testing must be done in a controlled setting with close monitoring, including rescue meds (epinephrine, etc).5 
 Medications with antihistamine activity may interfere with skin test interpretation.22   

o Most of these meds should be stopped for at least two to three days before skin testing, but some require 
longer (e.g., loratadine should be held for at least one week prior).22 

 Skin testing can be performed by specially trained pharmacists, nurses, or physicians.19,26 
o Follow state laws, policies, and procedures for test administration. 
o To locate an allergist for testing, go to:  http://acaai.org/locate-an-allergist. 
o Use billing code 95018 for percutaneous (scratch, puncture, prick) and intracutaneous/intradermal tests.11 
o Use billing code 95076 (first 120 minutes) and 95079 (for each additional hour) for oral challenge tests.11 

 Skin testing may involve the following:4,5,22,24 
o Skin prick test with one or more determinants, a positive control (histamine), and a negative control 

(saline).27 
 Penicillin:  major and minor determinants are Pre-Pen and a penicillin (e.g., Penicillin G), respectively.27 
 Other antibiotics:  determinant is a nonirritating antibiotic concentration (a 10- to 1,000-fold dilution from 

full-strength concentration).22,28  Nonirritating concentrations have been determined for cephalosporins, 
clindamycin, levofloxacin, macrolides, sulfamethoxazole/trimethoprim, tobramycin, and vancomycin.22,28  

 The patient is observed for 15 minutes, then results are interpreted by measuring any wheals that form. 
o If the skin prick results are negative or indeterminant, an intradermal test may be done with the same 

determinant(s) and controls. 
 The patient is observed for 15 minutes, then results are interpreted as with the skin prick test. 
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Clinical Question Suggested Approach/Pertinent Information 
Skin testing, continued o If the intradermal test is negative, the patient may be given a direct oral challenge of the med (e.g., amoxicillin) 

and observed for one hour. 
 Note that penicillin skin testing is not recommended prior to a direct oral challenge of amoxicillin in low-risk 

(e.g., benign cutaneous reactions) pediatric patients.8 
 Negative skin test results may indicate a low chance of a severe allergic reaction, depending on the med tested.4,17 

o Only 3% of patients with negative penicillin skin testing will react upon re-exposure to the med.3,4,17 
o The predictive value of negative skin testing is less clear for other antibiotics.3,17,22 

 Positive skin test results suggest true IgE-mediated allergy to the tested med.17,29  However, false positives limit its 
usefulness, since a positive result reflects only a 50% chance of severe reaction upon re-exposure.24 

 
How should allergy 
information be updated 
in patient profiles? 
 

 Ensure accurate documentation of allergies. 
o This helps ensure effective electronic allergy screenings.58 
o Document the exact medication, not a medication class when updating allergies.58 
o Add information about which medications the patient has tolerated or any allergy testing/challenges done. 
o Educate patients about their allergies to help keep inaccuracies from being re-added. 

 Inaccurate allergies could mean exposing patients to less effective, more expensive, more toxic, or unnecessarily 
broad coverage antibiotics.58 
o False penicillin allergy labels can lead to longer hospital stays and increased risk of serious infections.42 

 Allergy information can be updated at any time, but admission and discharge are perfect opportunities to ensure 
allergy information is current. 

 
Abbreviations:  GI = gastrointestinal; IV = intravenous.  

 

a. Risk of a true IgE-mediated reaction:5 
o low-risk:  isolated GI symptoms, headache, mild rash, or itching. 
o moderate-risk:  isolated hives, abdominal pain, or wheezing. 
o high-risk:  anaphylaxis, positive skin test, recurrent and/or recent reactions (less than one year ago). 

b. Note that product labeling for ceftolozane/tazobactam (Zerbaxa), a fifth-generation cephalosporin, lists serious beta-lactam allergy as a 
contraindication to use.30,34 

 
 
 
 
 
Users of this resource are cautioned to use their own professional judgment and consult any other necessary or appropriate sources prior to making clinical judgments 
based on the content of this document.  Our editors have researched the information with input from experts, government agencies, and national organizations.  
Information and internet links in this article were current as of the date of publication. 
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