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Abbreviations:  

Adjusted Odds Ratios (aOR) 

Confidence Interval (CI) 

Febrile Neutropenia (FN) 

Infectious Diseases Society of America (IDSA)  

Intensive Care Unit (ICU) 

Interquartile Range (IQR) 

Methicillin-Resistant Staphylococcus aureus (MRSA)  

Standard Deviation (SD) 

Vancomycin Resistant Enterococcus (VRE)  

 

Approximately 10% of patients report an allergy to penicillin antibiotics, although over 90% 

can safely receive penicillin and other beta-lactams.
1
 Patients with beta-lactam allergies 

documented in their chart may receive antibiotics that are not first-line, which can lead to 

healthcare-associated infections, antimicrobial resistance, and increased costs.
2
 

 Neutropenia is a common side effect of cytotoxic chemotherapy requiring over 100,000 

hospitalizations per year,
3
 and fever can be the only sign of serious infection. To guide clinicians 

in selecting antimicrobials in febrile neutropenia (FN), an Infectious Diseases Society of 

America (IDSA) clinical practice guideline emphasizes the need for an anti-Pseudomonal beta-

lactam antibiotic other than ceftazidime (i.e. cefepime, imipenem-cilastatin, meropenem, or 

piperacillin-tazobactam) due to increased mortality associated with gram-negative rod 

bacteremia, particularly Pseudomonas aeruginosa.
4
 Ceftazidime monotherapy is not 
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recommended given limited activity against gram-positive organisms and decreasing 

susceptibility in gram-negative bacteria.
4
  

We hypothesized that patients with documented beta-lactam allergy would be less likely to 

receive first-line antibiotic management of FN.  

 This was a secondary analysis of a cross-sectional nationwide study of hospitalized 

patients. Members of Vizient Inc.’s Acute Care Hospital Groups were invited to participate via 

listserv. Participating sites completed intake questionnaires (09/18/2018-10/12/2018), and 

additional hospital demographics were extracted from the Definitive Healthcare database.
5
  

 Participating sites entered de-identified clinical data from a single day (10/16/2018-

01/13/2019) for all admitted patients receiving any antibiotic. If the site was not able to enter 

data for all patients receiving antibiotics, a random subset was identified. The targeted infection 

was identified by manual electronic health record (EHR) review and selected from a list of 19 

specific infections, “other,” and “unknown;” more than one selection could be made. For this 

study, we included any patient treated for “neutropenic fever.”  

Subjects were grouped by beta-lactam allergy status (penicillin and/or cephalosporin 

allergy in the EHR). The primary outcome was treatment with first-line FN therapy, an anti-

Pseudomonal beta-lactam agent other than ceftazidime.
4
  Secondary outcomes were receipt of 

alternative antibiotics (ceftazidime and non-beta lactam antibiotics with activity against 

Pseudomonas aeruginosa) and receipt of adjunctive antibiotics (all others). 

For categorical variables, we reported numbers with frequencies; for continuous variables 

we calculated means and standard deviations or medians and interquartile ranges. Chi-squared 

and T-tests were used for univariate comparisons. We used two-sided p-values and considered 

p<0.05 considered to be statistically significant. We designated age, sex, race/ethnicity, ICU 
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admission status, MRSA colonization, VRE colonization, and hospital day a priori as potential 

confounding variables for multivariable models. We used Generalized Estimating Equations 

models with logit link used to account for correlation within a hospital. 

We report adjusted odds ratios (aOR) with 95% confidence intervals (CIs) as our measure 

of effect. SAS version 9.4 (Cary, NC, US) was used for statistical analyses.  

The MassGeneral Brigham Institutional Review Board determined that this study was not 

human subjects research.  

Of 147 eligible hospital sites, 106 fully participated with complete data for 10,992 

inpatients. There were 290 (2.6%) unique patients with FN from 64 U.S. hospitals.   

Fifty-five patients (19%) had documented beta-lactam allergies: 36 (65%) with 

documented penicillin allergy, 12 (22%) with documented cephalosporin allergy, and 7 (13%) 

with both. The most commonly documented reactions were rash (56%), unknown (16%), and 

urticaria (13%).   

Patients with documented beta-lactam allergy were older and more frequently female and 

white compared to patients without. Patients with documented beta-lactam allergy were less 

likely to receive first-line FN antibiotic agents (36% vs 63%, Table 1). In patients with 

documented allergy, cefepime (36%) and meropenem (35%) were more commonly used than 

piperacillin-tazobactam (9%).  Compared to patients without documented beta-lactam allergy, 

patients with allergy had lower cefepime use (36% vs 63%) and higher meropenem use (35% vs 

11%). Patients with allergy were more likely to receive an alternative antibiotic (22% vs 11%). 

There was no difference in adjunctive antibiotic use by allergy status (55% vs 49%).    

After adjustment, patients with FN and documented beta-lactam allergy were less likely 

to receive first-line antibiotic agents for FN (aOR 0.35, [95% CI 0.20, 0.63]). Patients with 
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allergy were also more likely to receive alternative antibiotics (unadjusted OR 2.24 [1.05, 4.81]) 

and comparably likely to receive adjunctive antibiotics (aOR 1.24 [0.67, 2.32]). 

In this national cross-sectional sample of inpatients with FN, documented beta-lactam allergy 

was associated with a significant 65% decrease in use of first-line antibiotics after adjustment for 

potential confounders. Previous research demonstrated that patients with malignancy reporting 

beta-lactam allergies had increased mortality attributed to differences in antibiotic 

administration.
6
 However, large studies, including in patients with cancer, demonstrate that the 

vast majority of inpatients with documented penicillin allergy would have their allergy disproved 

with formal testing.
1,7,8

 

We noted no significant difference in use of adjunctive antibiotics by documented beta-

lactam allergy status. While IDSA guidelines do not recommend MRSA-directed therapy for all 

patients with FN, they discuss MRSA coverage when catheter-related infection is suspected.
4
 As 

many patients receiving marrow-suppressive chemotherapy require a central line for treatment 

administration, we hypothesize this concern may have been a significant driver of vancomycin 

use. Similarly, both the IDSA and the American Society of Clinical Oncology recommend that 

patients at risk for Pneumocystis jirovecii pneumonia (PJP) receive prophylaxis and 

trimethoprim-sulfamethoxazole is considered first-line.
9
   

Although first-line therapy use was overall decreased in patients with beta-lactam allergy 

labels, we found a higher frequency of meropenem use in this group. This finding suggests 

increased comfort prescribing carbapenems over cephalosporins in patients with documented 

beta-lactam allergies.  

Because this study recruited through an antibiotic stewardship listserv within Vizient, data 

may not be generalizable. We had to assume all inpatients with FN were high-risk, although 

                  



 7 

some may have been low-risk and thus eligible for oral therapy.  However, any low-risk 

inpatients would be expected to be distributed evenly by documented beta-lactam allergy status. 

Finally, although we were able to measure first-line, guideline-concordant antibiotic use for FN, 

we could not evaluate key patient outcomes such as sepsis or death. Additional work is needed to 

further characterize the impact of documented beta-lactam allergy on FN outcomes, but these 

data suggest systematic strategies to remove inaccurate beta-lactam allergy labels may benefit 

this high-risk patient population.  
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Table 1. Antibiotic Use Among Patients Treated for Febrile Neutropenia by Documented Beta-

Lactam Allergy Status 

 

 

 

Documented 

Beta-Lactam 

Allergy 

(n = 55) 

No Documented 

Beta-Lactam 

Allergy 

(n = 235) 

P-value Odds Ratio  

Unadjusted (95% 

CI)
d
 

Odds Ratio 

Adjusted (95% 

CI)
e
 

F
ir

st
-l

in
e 

ag
en

ts
 

Cefepime
 

20 (36) 149 (63) < 0.001   

Meropenem
  

19 (35) 26 (11) < 0.001   

Piperacillin/ 

Tazobactam 

5 (9) 35 (15) 0.26   

All first-line 20 (36) 149 (63) < 0.001 0.33 (0.20, 0.53) 0.35 (0.20, 0.63) 

A
lt

er
n

at
iv

e 

A
n

ti
b

io
ti

cs
 Fluoroquinolones

a 
8 (15) 21 (9) 0.21   

Aztreonam 3 (5) 1 (<1) 0.023   

Aminoglycosides
b 

0 (0) 4 (2) 1.00   

Ceftazidime 1 (2) 1 (<1) 0.34   

All Alternative 12 (22) 26 (11) 0.033 2.24 (1.05, 4.81) -- 

A
d

ju
n

ct
iv

e 

A
n

ti
b

io
ti

cs
 

Vancomycin 18 (33) 89 (38) 0.48   

Sulfamethoxazole/ 

Trimethoprim 

8 (15) 22 (9) 0.26   

Metronidazole 2 (4) 16 (9) 0.38   

Other
c 

9 (16) 20 (9) 0.081   

All Adjunctive 30 (55) 115 (49) 0.45 1.25 (0.71, 2.20) 1.24 (0.67, 2.32) 
a
 Fluoroquinolones included levofloxacin (n=17) and ciprofloxacin (n=12) 

b
 Aminoglycosides included tobramycin (n=2), gentamicin (n=1), and amikacin (n=1) 

c
 Other included: doxycycline (n=8), azithromycin (n=6), daptomycin (n=4), minocycline (n=3), ceftazidime 

(n=2), clindamycin (n=2), ertapenem (n=2), ampicillin (n=1) and linezolid (n=1)
 

d Odds ratios compare febrile neutropenia inpatients with a documented beta-lactam allergy compared to no 

documented beta-lactam allergy 
e
Odds ratios are adjusted for age, sex, race/ethnicity, whether patient was admitted to ICU, MRSA colonization, 

VRE colonization, and hospital day. There were insufficient alternative antibiotics to perform multivariable 

adjustment. 

 
 

 

                  


