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Background 

 Patients with reported beta lactam antibiotic allergies (BLA) are more likely to 

receive broad-spectrum antibiotics and experience adverse outcomes. Data on the 

burden of beta lactam and other antibiotic allergies among solid organ transplant (SOT) 

and hematopoietic cell transplant (HCT) recipients are limited. 

 

Methods 

 We reviewed records of first-time adult SOT or allogeneic HCT recipients from 

1/1/2013-12/31/2017 to characterize allergy labels at time of transplant. Days of 

hospitalization and inpatient antibiotic use for pre-specified antimicrobials were 

examined for the first 100 days post-transplant. Incidence rate ratios (IRR) comparing 
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antibiotic use in BLA and non-BLA groups were calculated using negative binomial 

models for two metrics: days of therapy (DOT)/1000 inpatient days and percentage of 

antibiotic exposure days, both adjusted for transplant type, age, and cystic fibrosis 

diagnosis.  

 

Results 

 Among 2153 SOT (65%) and HCT (35%) recipients, 634 (29%) reported any 

antibiotic allergy and 347 (16%) reported BLAs. BLA patients had significantly higher 

DOT for vancomycin (IRR 1.4 [1.2 – 1.7], p<0.001), clindamycin (IRR 7.6 [2.2 – 32.4], 

p=0.001), aztreonam in HCT (IRR 9.7 [3.3 – 35.0], p<0.001), fluoroquinolones in SOT 

(IRR 2.9 [2.1 – 4.0], p<0.001) and lower DOT for ampicillin-sulbactam (IRR 0.1 [0.0 – 

0.4], p<0.001) and piperacillin-tazobactam (IRR 0.4 [0.2 – 0.6], p<0.001) compared to 

non-BLA patients; these findings were consistent when using percentage of antibiotic 

exposure days.  

 

Conclusions 

Transplant recipients have a high burden of reported antibiotic allergies, and reported 

BLA was significantly associated with altered post-transplant antibiotic prescribing. Pre-

transplant allergy evaluation may optimize antibiotic stewardship in this population. 
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Introduction: 
Beta lactam allergies (BLA) are reported in up to 20% of hospitalized patients, 

but many of these allergy “labels” may be inaccurate as the rate of reported penicillin 
allergy is much higher than the rate of clinically significant reactions to penicillin [1-9]. A 
growing body of evidence suggests that BLA are associated with altered antibiotic 
prescribing and adverse clinical outcomes including increased length of hospital stay, 
hospital readmissions, higher rates of methicillin resistant Staphylococcus aureus 
(MRSA) infection, and mortality [4-6, 10, 11]. 
 

Antibiotic allergies documented in the electronic health record (EHR) directly 
influence selection of antibiotics for treatment or prevention of infection, and inaccurate 
assessment and documentation of allergies may lead to suboptimal antibiotic use. 
Patients who undergo solid organ transplantation (SOT) or allogeneic hematopoietic cell 
transplantation (HCT) are at high risk for post-transplant infections, including drug 
resistant organisms, and Clostridioides difficile infection (CDI); therefore, it is critical to 
develop strategies to optimize antibiotic use in this population [12, 13]. There are limited 
data on the burden of BLA among SOT and HCT recipients [14]. Given their frequent 
exposures to the healthcare system, antibiotics, and polypharmacy, transplant 
candidates may represent a population at increased risk for antibiotic allergy labeling 
and a group that could benefit from allergy evaluation prior to transplantation.  

 
In this study, we describe the prevalence of antibiotic allergies, including BLA, 

and assess post-transplant antibiotic use and other clinical outcomes among SOT and 
HCT recipients with and without BLA labels.  
 
Methods: 
Study design 

We retrospectively reviewed patients who were hospitalized for SOT or HCT at 
the Seattle Cancer Care Alliance and University of Washington Medical Center between 
1/1/2013-12/31/2017. We characterized antibiotic allergies reported at time of transplant 
and evaluated the association of beta lactam allergies with antibiotic utilization and 
clinical outcomes during the 100-day period after transplantation. 
 
Study subjects 

Patients were included if they received a first-time allogeneic HCT or SOT as an 
inpatient at the University of Washington Medical Center and were ≥18 years old at the 
time of transplant. Exclusion criteria included recipients of dual organs (e.g. heart-
kidney, liver-HCT), recipients of tandem autologous-allogeneic HCT, or recipients of first 
transplants who received a second transplant within the first 100 days post-transplant. 
 
Data collection 

Patients were identified and baseline demographic and clinical data were 
obtained from prospectively-maintained transplant center databases. Electronic data 
abstraction identified patients with an antibiotic allergy label entered into their EHR at 
any time. Chart review determined which allergy labels were present at the time of 
transplant and documented reactions using the allergy banner in the medical chart and 
admission notes in the electronic medical record. Antibiotic allergy labels that were 
removed prior to transplant or added following transplant were not included. Patients 
who had reported allergies to antibiotics in penicillin, cephalosporin, or carbapenem 
classes were categorized as having beta lactam allergy labels. We extracted 
electronically antibiotic use, CDI (defined by a positive PCR result (Xpert® C. difficile; 
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Cepheid), and hospitalizations in the first 100 days following transplant. This study was 
approved by the Fred Hutchinson Cancer Research Center Institutional Review Board.  
 
Data analysis 

We used two different patient-level metrics to assess inpatient antibiotic use for 
each of the following pre-specified antibiotics in the first 100 days post-transplant: IV 
vancomycin, fluoroquinolones, clindamycin, carbapenems, piperacillin-tazobactam, 
cefepime, ceftazidime, ceftriaxone, ampicillin-sulbactam/amoxicillin-clavulanate, and 
aztreonam. The first metric was days of therapy (DOT) per 1000 inpatient-days [15].  In 
order to account for potential group differences in overall antibiotic use, we computed a 
second metric defined as the percentage of total antibiotic exposure days (number of 
days at least one antibiotic was administered, excluding prophylaxis) that each individual 
antibiotic was administered among patients who received any non-prophylaxis antibiotic 
in the 100 days post-transplant. For example, the percentage of total antibiotic exposure 
days for vancomycin would be the number of days that vancomycin was given out of the 
total number of days that any non-prophylactic antibiotic was given, computed for each 
patient.  

 
Both antibiotic use metrics were compared between patients with and without 

reported BLA using negative binomial models including an offset to account for inpatient 
days (first metric) or antibiotic exposure days (second metric). Model estimates were 
presented as incidence rate ratios (IRR) with 95% confidence intervals (CI). In the HCT 
population, fluoroquinolone class antibiotics are more commonly used at our center for 
antibacterial prophylaxis among neutropenic patients than for treatment of infection so 
we analyzed fluoroquinolone use only among SOT recipients. Aztreonam use was 
minimal in SOT recipients and so this was only analyzed as an outcome in HCT 
recipients. Number of inpatients days was compared between BLA groups using a 
negative binomial model with an offset for number of days alive. Cox regression was 
used to compare BLA groups with respect to mortality and CDI diagnosis in the first 100 
days post-transplant.  

 
All multivariable models were adjusted for the following a priori hypothesized 

confounders: age, type of transplant and pre-transplant diagnosis of cystic fibrosis. 
Because cystic fibrosis was specific to lung transplant recipients, transplant type was 
coded as a categorical variable with the following six groups: allogeneic HCT, liver SOT, 
kidney SOT, heart SOT, lung SOT with pre-transplant diagnosis of cystic fibrosis, and 
lung SOT without pre-transplant diagnosis of cystic fibrosis. We used likelihood-based 
CIs and likelihood ratio testing to determine p-values and statistical significance, defined 
as a 2-sided p-value <0.05. We tested for interactions between reported BLA and 
transplant type (HCT vs. SOT) and presented separate models if the p-value for the 
interaction was <0.01.  

 
Post-hoc analyses were conducted to assess the effect of adjusting for other 

demographic variables associated with BLA (gender, transplant-specific demographics) 
on estimates of BLA associations with our outcomes. All analyses were performed in R 
[R Core team (2017)]. 
 
Results: 
Cohort Description 
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 Our cohort of 2153 transplant recipients included 1410 (65%) SOT and 743 
(35%) allogeneic HCT recipients. Baseline demographics and other transplant 
characteristics are summarized in Table 1.  
  
Prevalence of antibiotic allergies and reactions to BLAs 
 Among 2153 transplant recipients, 634 (29%) reported ≥1 antibiotic allergy at 
time of transplant; 194 (9%) reported allergies to ≥ 2 classes of antibiotics. The most 
commonly reported allergies were to penicillins (40%), sulfa (29%), and cephalosporins 
(17%). Overall, 347 of 2153 (16%) patients reported a BLA (12% penicillin class, 5% 
cephalosporin class, and 1% carbapenem class).  
 

Female gender and several transplant-specific characteristics were more 
common in the BLA vs non-BLA groups, including diagnosis of polycystic kidney disease 
(18% vs 10% of kidney transplant recipients), model for end-stage liver disease (MELD) 
score of ≥35 at time of liver transplant (34% vs 24% of liver transplant recipients), use of 
a ventricular assist device at time of heart transplant (79 vs 71% of heart transplant 
recipients), diagnosis of cystic fibrosis (27% vs 11% of lung transplant recipients), or 
diagnosis of acute myelogenous leukemia (55% vs 39% of allogeneic HCT recipients) 
(supplemental Tables 2-6).   
 

Prevalence of BLA varied significantly by HCT/SOT group (p=0.01) and also by 
transplant type among the SOT recipients (p<0.001). BLA was most prevalent in 
allogeneic HCT and lung transplant recipients and least common in liver transplant 
recipients (Figure 1). Prevalence of reported allergy to other classes, such as 
cephalosporins, fluoroquinolones, and vancomycin, also varied by transplant type 
(Figure 1, Table 7). 
 
 Among patients with BLAs, the most frequently reported reaction were skin 
complaints (61%), including rash (42%), hives (18%) and itching (10%)  (Table 8). 
Anaphylaxis or angioedema was reported by 9% of BLA patients. Allergies that were 
unknown/not recorded made up 18% of all reported reactions. 
 
Post-transplant antibiotic use and clinical outcomes 
 Clinical outcomes and antibiotic DOT per 1000 inpatient-days for each antibiotic 
are shown in Table 9. Non-prophylactic antibiotics were used at least once in 94% 
(2020/2153) of patients and broad-spectrum antibiotic use was common. On average 
patients received ≥1 non-prophylactic antibiotic for 41% of inpatient days in their first 100 
days post-transplant (IQR 16.7%, 62.5%). Vancomycin and fluoroquinolones were most 
commonly used; clindamycin and ampicillin-sulbactam/amoxicillin-clavulanic acid were 
used infrequently.  
 

The mean percentage of total antibiotic exposure days for each antibiotic is 
shown in Figure 2. Patterns in antibiotic use by metric were similar to those captured by 
DOT per 1000 inpatient days; overall, fluoroquinolone (SOT) and vancomycin use was 
common (used for an average of 15% and 26% of antibiotic exposure days, 
respectively); clindamycin, aztreonam (HCT), and ampicillin-sulbactam/amoxicillin-
clavulanic acid use were uncommon (all used for an average of <2% of antibiotic 
exposure days). Carbapenems, ceftazidime, and cefepime were given more commonly 
among HCT recipients, while ceftriaxone was more frequently administered among SOT 
recipients (Figure 3); variation was also noted across different solid organ transplant 
types.  
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Both measures of antibiotic use (DOT/1000 inpatient days and mean percentage 

use per antibiotic exposure days) depict consistent differences in antibiotic use between 
patients with and without reported BLA.  In multivariable models that examined 
DOT/1000 inpatient-days (Figure 4A), patients with BLAs had significantly higher use of 
vancomycin (IRR 1.4 [95% CI 1.2, 1.7, p<0.001) and clindamycin than patients without 
BLAs (IRR 7.6 [95% CI 2.2, 32.4], p<0.001) and significantly lower use of ampicillin-
sulbactam/amoxicillin-clavulanate (IRR 0.1 [95% CI 0.04, 0.4], p<0.001) and piperacillin-
tazobactam (IRR 0.4 [95% CI 0.2, 0.6], p<0.001). 225 of 347 (65%) of patients with a 
listed BLA received a beta lactam as an inpatient in the 100 days after transplant (13% 
received a penicillin, 52% received a cephalosporin, 23% received a carbapenem) vs 
1641 of 1806 (91%) patients without a reported BLA (27% received a penicillin, 86% 
received a cephalosporin, 17% received a carbapenem). Of the 30 patients with BLA 
who received ampicillin-sulbactam, amoxicillin-clavulanate, or piperacillin-tazobactam, 
16 reported allergies to a non-penicillin beta lactam, 2 reported penicillin class allergies 
with reactions that were not recorded, and 1 received an allergy consultation prior to 
receiving the antibiotic. HCT recipients with BLAs had higher aztreonam use (IRR 9.7 
[95% CI 3.3, 35.0], p<0.001) and SOT recipients with BLAs had higher fluoroquinolone 
use (IRR 2.9 [95% CI 2.1, 4.0], p<0.001). There were no significant differences in use of 
ceftriaxone, carbapenems, or cefepime; however there was a trend toward increased 
carbapenem use in patients with BLAs. Because the adjusted incidence rate ratio for 
ceftazidime use differed by SOT vs HCT group, separate model estimates are presented 
for each group; neither relationship was statistically significant.  

 
Multivariable models that examined antibiotic use as the percentage of total 

antibiotic exposure days showed results consistent with the first metric (Figure 4B). 
Among SOT recipients, fluoroquinolone use by BLA group varied by SOT type: IRR 
adjusted for age was 6.49 among kidney recipients (95% CI 4.45, 9.51; p<0.001), 2.74 
among liver recipients (95% CI 1.77, 4.30; p<0.001), 3.52 among heart recipients (95% 
CI 1.35, 10.93; p=0.01), and 1.27 among lung recipients, where the model was 
additionally adjusted for pre-transplant cystic fibrosis (95% CI 0.63, 2.73; p=0.52).  

 
There were no significant differences by reported BLA in the number of inpatient 

days (unadjusted IRR 1.08 [95% CI 0.98, 1.18], p=0.11; adjusted IRR 1.03 [95% CI 0.96, 
1.12], p=0.40) or diagnosis of CDI (unadjusted HR 1.16 [95% CI 0.77, 1.75], p=0.48); 
adjusted HR 1.10 [95% CI 0.73, 1.66], p=0.66). Mortality was significantly higher in 
patients with BLA in univariate analysis (HR 1.66 [95% CI 1.06, 2.60], p=0.035) but was 
no longer significant in the multivariable analysis although the trend remained (HR 1.52 
[95% CI 0.97, 2.39], p=0.08).  
 
Sensitivity Analyses: 

To address whether notable differences in gender and transplant-specific 
characteristics (AML, polycystic kidney disease, VAD use, and MELD ≥35) between 
patients with and without reported BLA influenced our estimates of association between 
BLA group and outcomes, we evaluated models that adjusted for these additional 
covariates; additional adjustment did not result in significantly different estimates (data 
not shown).  
 
Discussion: 

To our knowledge, this is the one of the first studies to describe the burden of 
antibiotic allergies among solid organ and hematopoietic cell transplant recipients. We 
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found that nearly 30% of transplant recipients reported at least one antibiotic allergy at 
the time of transplant, with nearly 10% of patients reporting 2 or more antibiotic allergies. 
Beta lactam allergies were most commonly reported, and were present among 16% of 
all transplant recipients. We observed greater post-transplant use of selected broad-
spectrum antibiotics among patients with a reported BLA.  
 

The rate of reported antibiotic allergy (29%) was similar to previous reports of 
allergy prevalence in hospitalized patients [1, 5-7, 16]. The prevalence of penicillin and 
sulfa allergy in our study was 12% and 9%, respectively, which is similar to that reported 
in previous studies evaluating EHR-reported allergy [1, 16, 17]. However, reported 
allergies to cephalosporins (5%), fluoroquinolones (5%), and vancomycin (4%) were 
notably higher in our study compared to previous reports where reported allergies to 
these antibiotics ranged from 1.3-1.7%, 0.6-1.3%, and 0.7%, respectively. These 
differences likely reflect the wide breadth of antibiotic exposure that transplant 
candidates experience even before transplantation. 

 
The prevalence of reported BLA varied significantly by type of transplant and was 

highest in HCT and lung transplant recipients. Specific pre-transplant comorbidities may 
be associated with greater antibiotic exposure prior to transplant and thus a higher risk 
of allergy labeling; another possibility is that some comorbidities could portend higher 
immunologic “reactivity” and thus higher risk of acquiring a “true” allergy label [18, 19]. 
Women were significantly more likely to report a BLA than men, an observation that has 
been noted previously for penicillin allergy [17, 20]. 

 
Among the patients with BLAs, the majority of patients (61%) reported a skin 

complaint and “rash”, not further specified, was the most common reported reaction 
(42%). Rash or other skin complaints could represent a wide range of both allergic and 
non-allergic syndromes. To appropriately assess the risk of severe immunologic reaction 
following antibiotics, more thorough documentation of antibiotic allergy history is 
necessary, either through a detailed narrative or through use of an allergy-focused 
questionnaire, as has been previously developed and validated [9, 21].  

 
Nearly 20% of patients did not have a reaction specified, or specified that their 

reaction was remote or not known. A study of patients with an unknown or remote 
history of penicillin allergy had a low rate of positive skin testing similar to that among 
patients without a reported history of penicillin allergy (1.7% in both groups) [22]. Since 
the majority of reported BLAs in our study were to penicillin, we would anticipate that the 
group of patients with unknown reactions could have their allergy removed with an 
appropriate evaluation. 
 
 We used two metrics to evaluate antibiotic use in our study. The first, DOT/1000 
inpatient-days, is a standard metric for reporting antimicrobial use [15], which allowed us 
to directly quantify use of selected antibiotics and evaluate the potential effect of BLA 
among all candidates presenting for transplant. The second, percentage of antibiotic 
exposure days, is a novel metric that was used to characterize relative use of selected 
antibiotics and thus may provide a proxy of antibiotic clinical decision-making among 
patients who received antibiotics during their post-transplant course. Examining 
individual antibiotic use when compared to overall antibiotic exposure days may also 
account for potential differences in sustained risk and severity of infection between BLA 
and non-BLA groups. Both metrics accounted for different lengths of observed time due 
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to mortality, which is important in patients with a high burden of illness, and should be 
considered for future studies in similar populations.  
 
  We observed significant differences in inpatient antibiotic use for both metrics 
among patients with reported BLA, specifically increased use of vancomycin and 
clindamycin, lower use of beta lactam/beta lactamase inhibitor combinations, and 
increased use of aztreonam (HCT) and fluoroquinolones (SOT). The greater use of non-
beta lactam agents in patients with reported BLAs suggests opportunity for use of 
narrower-spectrum penicillin or cephalosporin antibiotics in cases where reported BLA 
does not represent a true BLA. Beta lactams are safe, well-tolerated, and highly 
efficacious; use of non-beta lactam alternatives has been associated with increased 
risks of colonization with antibiotic-resistant organisms [10, 23], adverse drug events [23, 
24], and potential for lower antibacterial efficacy for some clinical syndromes [25-28]. 
These mechanisms are thought to explain reported links between penicillin or beta 
lactam allergies and adverse outcomes including increased length of hospital stay, ICU 
admission rates, readmission rates, mortality, hospital cost, and incidence of CDI, 
MRSA, and VRE infection [4-6, 10, 11]. In our study we did not see significant 
differences in inpatient days or CDI, however our study was underpowered to detect 
such differences.  
 
 In addition to contributing to potential differences in antibiotic prescribing and 
clinical outcomes, the presence of BLA or other allergy label may lead to clinician 
confusion thereby delaying antibiotic decision-making. One study found that reported 
penicillin allergy was associated with prolonged time to effective antibiotic therapy 
among patients presenting to the emergency department with a diagnosis of pneumonia, 
urinary tract infection, bacteremia, and sepsis, resulting in an average delay of 50 
minutes [29], which is potentially a clinically meaningful delay. Furthermore, in a survey 
of the Emerging Infections Network, 97% of respondents surveyed felt there were 
potential benefits of antibiotic allergy “label” removal and 93% thought it worthwhile to 
refer patients for antibiotic allergy testing [30], suggesting possible provider frustration 
with antibiotic allergy labeling.  
 
 Our results suggest that a comprehensive approach to allergy characterization 
and evaluation should be considered among transplant candidates. Several studies 
suggest that antibiotic allergy evaluation is effective at removing allergy labels and 
improving guideline-preferred antibiotic use, including in an immunocompromised 
population, although transplant recipients have not been specifically studied [11, 31-35]. 
The majority of studies focus on penicillin skin testing or oral challenge as a mechanism 
for possible allergy label removal since reported penicillin allergy is common and skin 
testing is validated and reliable. However, as our data illustrate, transplant candidates 
have a high prevalence of multiple antibiotic allergies and non-penicillin antibiotic allergy 
that may be relevant to post-transplant antibiotic management [6]. Given the breadth of 
reported allergies and medical complexity of some transplant candidates, a full 
assessment by an allergist prior to transplant may be warranted in these patients.  
 
 Our study had several limitations. It was retrospective and included only a single 
transplant center. However, our center performs a high number of both SOT and HCT 
and we had a large number of patients available for analysis during the five-year 
inclusion period. Given the large referral area of the medical center, it is unlikely that we 
were able to capture all post-transplant admissions, particularly among SOT recipients. 
However, as we focused our analysis on the immediate 100 days post-transplant, it is 
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likely that the majority of inpatient stays were captured. Due to difficulty accurately 
capturing outpatient antimicrobial use, we limited our focus to inpatient antibiotics. 
Lastly, it is possible that patients with a reported BLA had a higher pre-transplant burden 
of infections, had higher pre-transplant morbidity or that there was unmeasured 
confounding; however models that incorporated demographic differences or analyzed 
antibiotic use as a percentage of total duration of antibiotic exposure showed that our 
identified differences in antibiotic use were robust. 
 

In summary, we found that there is a high prevalence of antibiotic allergy and 
BLA in transplant candidates, and the presence of a BLA is associated with substantial 
differences in post-transplant inpatient antibiotic prescribing, which has been associated 
with worse clinical outcomes. Our results highlight the need for increased attention to 
BLA and other antibiotic allergies prior to transplant and may inform the implementation 
of a pre-transplant allergy evaluation program to optimize antimicrobial stewardship and 
clinical outcomes in this population.  
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Tables and Figures 

Table 1. Demographics of transplant recipients with and without beta lactam allergy 
labela: 
 Total 

n=2153 
Beta lactam 
allergy label 

n=347 

No beta lactam allergy 
label 

n=1806 
Age groups    

18-44 552 (26) 89 (26) 463 (26) 
45-64 1119 (52) 194 (56) 925 (51) 

65+ 482 (22) 64 (18) 418 (23) 
Gender    

Male 1300 (60) 156 (45) 1144 (63) 
Patient-reported 
Race/ethnicityb 

   

White 1631 (76) 281 (81) 1350 (75) 
Hispanic or Latino/a 158 (7) 10 (3) 148 (8) 

Asian 219 (10) 37 (11) 182 (10) 
Black or African-

American 
131 (6) 8 (2) 123 (7) 

Other 172 (8) 21 (6) 151 (8) 
Type of transplant    

SOT   -- 
Kidney 560 (26) 89 (26) 471 (26) 

Liver 378 (18) 35 (10) 343 (19) 
Heart 224 (10) 28 (8) 196 (11) 
Lung 248 (12) 55 (16) 193 (11) 

HCT   -- 
Allogeneic 743 (35) 140 (40) 603 (33) 

Admitted prior to day of 
transplantc 

879 (41) 156 (45) 723 (40) 

aNumbers in table represent the number of patients (percentage) unless otherwise 
indicated. SOT, Solid organ transplant; HCT, hematopoietic cell transplant. 
bCategories may be overlapping. Other includes: American Indian or Alaskan Native 
(n=52), Multiple Races (n=2), Native Hawaiian or Other Pacific Islander (n=46), 
Unavailable, unknown, or declined to answer (n=69).  
cAs defined by inpatient stay 48 hours prior to day of transplant 
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Table 2. Clinical characteristics of kidney transplant recipientsa 

 Kidney transplant 
recipients n=560 

BLA 
n=89 

No BLA 
n=471 

Age, median (IQR) 55 (41 – 64) 56 (45 – 64) 55 (41 – 64) 
Male 331 (59) 39 (44) 292 (62) 
Source of transplant    

Living related 52 (9) 5 (5) 47 (10) 
Deceased donor 443 (79) 76 (85) 367 (78) 
Living unrelated 65 (12) 8 (9) 57 (12) 

Reason for transplant    
Glomerularb 172 (31) 24 (27) 148 (31) 

Congenital, Rare 
Familial, or Metabolicc 

7 (1) 1 (1) 6 (1) 

Hypertension 72 (13) 11 (12) 61 (13) 
Malignant 4 (1) 0 4 (1) 

Polycystic kidney 
disease 

64 (11) 16 (18) 48 (10) 

Tubular/interstitiald 28 (5) 6 (7) 22 (5) 
Vasculare 6 (1) 2 (2) 4 (1) 

Other, including 
unknown cause 

72 (13) 13 (15) 59 (13) 

ATG Induction f 459 (82) 76 (85) 383 (81) 
CPRAg    

<20% 446 (80) 69 (78) 377 (80) 
20-<80% 62 (11) 10 (11) 52 (11) 

80-<100% 30 (5) 7 (8) 23 (5) 
Allograft failure within 
100 days post-
transplanth 

3 (1) 1 (1) 2 (0.4) 

100 day survival 559 (99.8) 89 (100) 470 (99.8) 
aNumbers in table represent the number of patients (percentage) unless otherwise 
indicated. BLA, beta lactam allergies; IQR, Inter-quartile range; ATG, Anti-thymocyte 
globulin; CPRA, Calculated panel reactive antibodies 
bIncludes: Membranous glomerulonephritis (n=5), IgA Nephropathy (n=48), Anti-GBM 
(n=2), Focal Glomerular Sclerosis (n=51), Amyloidosis (n=2), Systemic Lupus 
Erythematosis (n=11), Hemolytic Uremic Syndrome (n=1), Alport’s syndrome (n=6), 
Goodpasture’s syndrome (n=2), Henoch Schoenlein purpura (n=2), Chronic 
glomerulonephritis, otherwise unspecified (n=6), Granulomatosis with polyangiitis (n=6), 
Rapid progressive glomerulosclerosis (n=2), HIV nephropathy (n=1) 
cIncludes: Cystinosis (n=1), Hypoplasia/dysplasia/dysgenesis/agenesis (n=1), Medullary 
cystic disease (n=2), Congenital obstructive uropathy (n=3) 
dIncludes: Chronic pyelonephritis/reflux nephropathy (n=7), Oxalate nephropathy (n=1), 
Nephritis (n=2), Acquired obstructive nephropathy (n=4), Analgesic nephropathy (n=1), 
Calcineurin inhibitor nephropathy (n=7), Nephrolithiasis (n=1), Drug related interstitial 
nephritis (n=2), Lithium toxicity (n=3) 
eIncludes: Chronic nephrosclerosis (n=6) 
fPatients not given ATG received basiliximab 
gInformation about CPRA was missing in 3 BLA and 19 non-BLA patients 
hGraft failure occurred at days 0, 1, and 96 
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Table 3. Demographics of liver transplant recipientsa 
 Liver transplant 

recipients n=378 
BLA 
n=35 

No BLA 
n=343 

Age, median (IQR) 58 (50 – 63) 58 (52 – 62.5) 58 (50 – 63) 
Male 253 (67) 15 (43) 238 (69) 
Reason for transplant    
Acute hepatic necrosis 11 (3) 1 (3) 10 (3) 

Cholestatic cirrhosisb 29 (8) 2 (6) 27 (8) 
Cirrhosisc 293 (78) 31 (89) 262 (76) 

Hepatocellular 
carcinoma 

6 (2) 0 6 (2) 

Metabolic disorder 9 (2) 1 (3) 8 (2) 
Other 4 (1) 0 4 (1) 

ATG Induction)d 245 (65) 25 (71) 220 (64) 
MELD at transplant    

<35 284 (75) 23 (66) 261 (76) 
≥35 94 (25) 12 (34) 82 (24) 

100 day survival 369 (98) 35 (100) 334 (97) 
aNumbers in table represent the number of patients (percentage) unless otherwise 
indicated. BLA, beta lactam allergies; IQR, inter-quartile range; ATG, anti-thymocyte 
globulin; MELD, model for end-stage liver disease 
bIncludes: Primary biliary cirrhosis (n=6), Primary sclerosing cholangitis (n-21), 
Polycystic kidney disease (n=1), Congenital biliary disease (n=1) 
cIncludes: Alcoholic (n=66), autoimmune (n=15), cryptogenic (n=33), hepatitis B (n=16), 
hepatitis B and C (n=2), hepatitis B and D (n=1), hepatitis C (n=141), hepatitis C and 
alcoholic (n=7), NASH (n=38) 
dPatients who were not given ATG received basiliximab (n=132) or methylprednisolone 
(n=1) 
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Table 4. Demographics of heart transplant recipientsa 
 Heart transplant 

recipients n=224 
BLA 
n=28 

No BLA 
n=196 

Age, median (IQR) 55 (45 – 63) 55 (50 – 63) 56 (44 – 64) 
Male 158 (71) 14 (50) 144 (73) 
Reason for transplant    
Ischemic cardiomyopathy 102 (46) 14 (50) 88 (45) 

Other cardiomyopathyb 108 (48) 14 (50) 94 (48) 
Congenital Heart Disease 10 (4) 0 10 (5) 

Valvular Heart Disease 3 (1) 0 3 (2) 
Otherc 1 (0.4) 0 1 (1) 

Listing status at time of 
transplantd 

   

Status 1A 99 (44) 10 (36) 89 (45) 
Status 1B 98 (44) 16 (57) 82 (42) 

Status 2 20 (9) 2 (7) 18 (9) 
CPRAe    

<20% 168 (75) 14 (50) 154 (79) 
20-<80% 18 (8) 5 (18) 13 (7) 

80-<100% 5 (2) 2 (7) 3 (2) 
On ventricular assist 
device at time of 
transplant 

161 (72) 22 (79) 139 (71) 

ATG Induction 212 (95) 27 (96) 185 (94) 
100 day survival 212 (95) 24 (86) 188 (96) 
aNumbers in table represent the number of patients (percentage) unless otherwise 
indicated. BLA, beta lactam allergies; IQR, inter-quartile range; CPRA, Calculated panel 
reactive antibodies; ATG, Anti-thymocyte globulin 
bIncludes: Adriamycin-induced cardiomyopathy (n=1), familial (n=11), hypertrophic (n=4), 
myocarditis (n=1), postpartum (n=4), viral (n=5), amyloidosis (n=4), Sarcoidosis (n=1), 
radiation/chemotherapy-induced cardiomyopathy (n=1), idiopathic (n=104) 
cIncludes: endocarditis (n=1) 
dStatus missing for 2 patients. 5 patients in non-BLA group were listed as status 7. 
Status 1A includes 1Ae and status 1B includes 1Be.  
eInformation about CPRA was missing in 7 BLA 26 non-BLA patients 
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Table 5. Demographics of lung transplant recipientsa 
 Lung transplant 

recipients n=248 
BLA 
n=55 

No BLA 
n=193 

Age, median (IQR) 62 (55 – 66) 56 (33 – 63) 63 (57 – 67) 
Male 150 (60) 26 (47) 124 (64) 
Single lung transplant 33 (13) 6 (11) 27 (14) 
Bilateral lung transplant 215 (87) 49 (89) 166 (86) 
Diagnosis group    

Obstructive lung 
diseaseb 

85 (34) 21 (38) 64 (33) 

Pulmonary vascular 
diseasec 

8 (3) 3 (5) 5 (3) 

Cystic fibrosis 36 (15) 15 (27) 21 (11) 
Restrictive lung 

diseasesd 
119 (48) 16 (29) 103 (53) 

CPRAe    
<20% 171 (69) 38 (69) 133 (69) 

20-<80% 7 (3) 2 (4) 5 (3) 
80-<100% 2 (1) 0 2 (1) 

Basiliximab Induction 247 (99.6) 54 (98) 193 (100) 
100 day survival 235 (95) 53 (96) 182 (94) 
aNumbers in table represent the number of patients (percentage) unless otherwise 
indicated. BLA, beta lactam allergies; IQR, Inter-quartile range; CPRA, Calculated panel 
reactive antibodies 
bIncludes: Alpha-1-antitrypsin deficiency (n=16), bronchiectasis (n=3), chronic 
obstructive pulmonary disease/emphysema (n=62), lymphangioleiomyomatosis (n=2), 
sarcoidosis (n=2).  
cIncludes: primary pulmonary hypertension (n=6), pulmonary veno-occlusive disease 
(n=1), pulmonary hypertension related to scleroderma/CREST (n=1) 
dIncludes: Idiopathic pulmonary fibrosis (n=41), constrictive bronchiolitis (n=2), 
sarcoidosis (n=3), hypersensitivity pneumonitis (n=11), idiopathic interstitial pneumonia 
(n=35), mixed connective tissue disease (n=3), other cause of pulmonary fibrosis (n=14), 
rheumatoid disease (n=7), scleroderma (n=1), silicosis (n=1), granulomatosis with 
polyangiitis (n=1) 
eInformation about CPRA was missing in 15 BLA patients and 53 non-BLA patients 
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Table 6. Demographics of allogeneic transplant recipientsa 

 Allogeneic 
transplant recipients 

n=743 

BLA  
n=140 

Non-BLA  
n=603 

Age, median (IQR) 53.2 (40 – 62.2) 53 (39.7 – 30.2) 53.3 (40.2 – 62.6) 
Male 408 (55) 62 (44) 346 (57) 
Reason for transplant    

AML 314 (42) 77 (55) 237 (39) 
ALL 116 (16) 16 (11) 100 (17) 

CML/CLL 44 (6) 5 (4) 39 (7) 
Lymphoma 22 (3) 1 (1) 21 (3) 
MDS/MPN 200 (27) 30 (21) 170 (28) 

Otherb 47 (6) 11 (8) 36 (6) 
Type of transplant    

PBSC 587 (79) 114 (81) 473 (78) 
CORD 100 (13) 15 (11) 85 (14) 

BM 56 (7) 11 (8) 45 (7) 
Transplant match    

Matched related 145 (20) 27 (19) 118 (20) 
Matched unrelated 385 (52) 79 (56) 306 (51) 

Mismatched 185 (25) 30 (21) 155 (26) 
Haploidentical 28 (4) 4 (3) 24 (4) 

Myeloablative 
conditioning 

154 (21) 28 (20) 126 (21) 

Relapse within 100 days 92 (12) 27 (19) 65 (11) 
Any GVHD within 100 
days 

559 (75) 105 (75) 454 (75) 

Grade 1-2 474 (64) 87 (62) 387 (64) 
Grade 3-4 84 (11) 18 (13) 66 (11) 

Skin GVHD within 100 
days 

   

Grade 1-2 127 (17) 28 (20) 99 (16) 
Grade 3-4 146 (20) 28 (20) 118 (20) 

Gut GVHD within 100 
days 

   

Grade 1-2 420 (56) 77 (55) 343 (57) 
Grade 3-4 43 (6) 10 (7) 33 (5) 

Liver GVHD within 100 
days 

   

Grade 1-2 31 (4) 3 (2) 28 (5) 
Grade 3-4  10 (2) 3 (2) 7 (1) 

100 day survival 674 (91) 121 (86) 553 (92) 
aNumbers in table represent the number of patients (percentage) unless otherwise 
indicated. BLA, beta lactam allergies; IQR, Inter-quartile range; AML, Acute myeloid 
leukemia; ALL, Acute lymphoblastic leukemia; CML, Chronic myeloid leukemia; CLL, 
Chronic lymphocytic leukemia; MDS, Myelodysplastic syndrome; MPN, 
Myeloproliferative neoplasm; PBSC, Peripheral blood stem cell transplant; CORD, 
Umbilical cord blood transplant; BM, Bone marrow transplant; GVHD, Graft-versus-host 
disease 
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bOther includes Crohn’s Disease (n=2), Hemophagocytic lymphohistiocytosis (n=2), 
Aplastic anemia (n=23), Immune deficiency disorder NOS (n=3), Multiple myeloma 
(n=2), Paroxysmal nocturnal hemoglobinuria (n=1), Erythropoietic protoporphyria (n=1), 
Sickle Cell Anemia (n=2), IgA Nephropathy (n=1), Multiple Sclerosis (n=1), Biphenotypic 
Leukemia (n=5), Prolymphocytic leukemia (n=3), and Plasma Cell Leukemia (n=1) 
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Figure 1. Prevalence of antibiotic allergy labels among SOT/HCT recipients by type of 
transplanta,b,c:  
*Computed using Fisher’s exact test, remainder tested by chi-square test 
aPatients with antibiotic allergy labels to more than one class are counted in both 
classes. There were 634/2153 (29%) patients who had at least one allergy label. Of 
those patients, 129/634 (20%) patients had antibiotic allergy labels to two different 
classes, 48/634 (8%) patients had labels to three classes, 14/634 (2%) patients had 
labels to four classes, 2/634 (0.3%) patients had labels to five classes, and 1/634 (0.1%) 
patient had labels to 7 classes of antibiotics.   
bIn Figure 1A, Patients who had multiple beta lactam drug allergies were counted only 
once. 26/347 (7%) had both a penicillin and cephalosporin allergy label, 1 (0.2%) had 
both a cephalosporin and carbapenem allergy label, 2 (0.6%) had penicillin and 
carbapenem labels, and 1 (0.3%) had labels to all three classes. 
cOther allergy classes were not reported due to low numbers (see Table 7 for full 
results): carbapenems (n=16), tetracyclines (n=37), aminoglycosides (n=10), macrolides 
(n=56), clindamycin (n=20), linezolid (n=2), metronidazole (n=8), nitrofurantoin (n=16), 
rifamycins (n=3), daptomycin (n=2), trimethoprim (n=1), aztreonam (n=5), polymyxins 
(n=5), telavancin (n=1). 
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Table 7. Prevalence of allergy labels by antibiotic class among SOT/HCT recipientsa,b: 
 Total 

n=2153 
Allogeneic 

n=743 
Kidney 
n=560 

Heart 
n=224 

Liver 
n=378 

Lung 
n=248 

p-value 

Any Antibiotic 634 (29) 273 (37) 146 (26) 56 (25) 68 (18) 91 (37) <0.001 
Any Beta 
Lactamc 

347 (16) 140 (19) 89 (16) 28 (12) 35 (9) 55 (22) <0.001 

Penicillins 256 (12) 87 (12) 71 (13) 23 (10) 32 (8) 43 (17) 0.02 
Cephalosporins 105 (5) 55 (7) 22 (4) 8 (4) 6 (2) 14 (6) <0.001 
Carbapenems 16 (1) 11 (1) 1 (0.2) 0 0 4 (2) 0.003* 
Sulfa 187 (9) 79 (11) 46 (8) 20 (9) 19 (5) 23 (9) 0.04 
Fluoroquinolones 103 (5) 56 (8) 15 (3) 7 (3) 9 (2) 16 (6) <0.001 
Tetracyclines 37 (2) 14 (2) 4 (1) 4 (2) 5 (1) 10 (4) 0.03* 
Aminoglycosides 10 (0.4) 0 2 (0.3) 0 1 (0.3) 7 (3) 0.03* 
Macrolides 56 (3) 20 (3) 16 (3) 9 (4) 6 (2) 5 (2) 0.08* 
Vancomycin 82 (4) 51 (7) 15 (3) 3 (1) 2 (1) 11 (4) 0.007* 
Otherd 61 (3) 28 (4) 11 (2) 2 (1) 4 (1) 16 (6) 0.36 
* Computed using Fisher’s exact test, remainder tested by chi-square test 
aNumbers in table represent the number of patients (percentage) unless otherwise 
indicated. 
bPatients with antibiotic allergy labels to more than one class are counted in both 
classes. There were 634/2153 (29%) patients who had at least one allergy label. Of 
those patients, 129/634 (20%) patients had antibiotic allergy labels to two different 
classes, 48/634 (8%) patients had labels to three classes, 14/634 (2%) patients had 
labels to four classes, 2/634 (0.3%) patients had labels to five classes, and 1/634 (0.1%) 
patient had labels to 7 classes of antibiotics.   
cPatients who had multiple beta lactam drug allergies were counted only once. 26/347 
(7%) had both a penicillin and cephalosporin allergy label, 1 (0.2%) had both a 
cephalosporin and carbapenem allergy label, 2 (0.6%) had penicillin and carbapenem 
labels, and 1 (0.3%) had labels to all three classes. 
dOther includes: clindamycin (n=20), linezolid (n=2), metronidazole (n=8), nitrofurantoin 
(n=16), rifamycins (n=3), daptomycin (n=2), trimethoprim (n=1), aztreonam (n=5), 
polymyxins (n=5), telavancin (n=1).  
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Table 8. Frequency of reported reactions among SOT/HCT recipients with BLA 
labelsa,b,c: 
Reaction type Patients with BLA labels n=347 (%) 
Rash 146 (42) 
Unknown/not recorded 61 (18) 
Hives 61 (18) 
Itching 36 (10) 
GI symptom 30 (9) 
Anaphylaxis 20 (6) 
Swelling/edema, site unspecified 19 (5) 
Dyspnea 11 (3) 
Angioedema 10 (3) 
Fever 7 (2) 
Renal Dysfunction 3 (1) 
Otherc 31 (9) 
aNumbers in table represent the number of patients (percentage) unless otherwise 
indicated. 
bReactions are counted at the patient level. For example if one patient had fever and 
dyspnea, they would be counted in each category but the denominator was total number 
of patients. 57/347 (16%) patients had 2 listed reactions in the above category, 13/347 
(4%) had 3 listed reactions or more. 
cOther includes: Blisters (n=4), Tingling in mouth (n=2), Aseptic meningoencephalitis 
(n=1), Bruising (n=1), Burning tongue (n=1), Chest tightness (n=1), Drug induced lupus 
(n=1), Excessive urination (n=1), Facial swelling (n=1), Hypotension (n=1), Joint 
Swelling (n=1), “Mother said almost died as a child” (n=1), Mucositis (n=1), Penicillin test 
positive as a child (n=1), Pulmonary edema (n=1), Restlessness (n=1), Sweating (n=1), 
Ear swelling (n=1), Swelling of hands and feet (n=1), Tachycardia, palpitations (n=1), 
Throat swelling (n=1), Throat tightness (n=1), Tongue swelling (n=1), Tongue swelling 
and mouth sores (n=1), Seizure (n=1), Dizziness (n=1), Arrhythmia (n=1) 
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Table 9.  Antibiotic use and clinical outcomes among HCT/SOT recipients with and 
without beta lactam allergy label at time of transplant.a 

 Reported BLA  
n=347 

No reported BLA  
n=1806 

Any inpatient antibiotic 
useb: 

328 (95) 1692 (94) 

Number of inpatient 
antibiotics used per patient, 
median (IQR) 

2 (1 – 3) 2 (1 – 3) 

Antibiotic exposure 
days/1000 inpatient days, 
mean (range) 

437.7 (0 – 1000) 407.4 (0 – 1000) 

Antibiotic exposure 
days/1000 inpatient days, 
median (IQR) 

400 (169 – 666.7) 347.8 (166.7 – 615.4) 

Mean days of therapy (DOT)/1000 inpatient days (range) 
Clindamycin 4.6 (0 – 257.1) 1.1 (0 – 428.6) 
Aztreonamc 27.7 (0 – 500) 3.1 (0 – 352.9) 

Vancomycin 170.9 (0 – 1000) 166.7 (0 – 1000) 
Fluoroquinolonesd 134.4 (0 – 1000) 43.9 (0 – 1200) 

Carbapenems  74.6 (0 – 1000) 43.2 (0 – 1000) 
Ceftriaxone 34.1 (0 – 916.7) 44.8 (0 – 1000) 
Ceftazidime 45.8 (0 – 937.5) 52.5 (0 – 1000) 

Cefepime 60.2 (0 – 1000) 46.4 (0 – 1000) 
Ampicillin-sulbactam/ 

Amoxicillin-clavulanate 
1.1 (0 – 318.2) 9.5 (0 – 1117.6) 

Piperacillin-tazobactam 15.5 (0 – 761.9) 30.1 (0 – 1000) 
Healthcare utilizationa: 
Inpatient days/1000 patient 
days alive, median (IQR) 

188 (99 – 287) 168 (99 – 277) 

Inpatient days/1000 patient 
days alive, mean (range) 

254.6 (9.9 – 1000) 235.8 (9.9 – 1000) 

Number of admissions in 
follow up period, median 
(IQR) 

1 (1 – 2) 
 
 

1 (1 – 2) 

Clinical outcomes: 
C. difficile diagnosis 28 (8) 126 (7) 
Death in first 100 days after 
transplant 

25 (7) 79 (4) 

aNumbers in table represent the number of patients (percentage) unless otherwise 
indicated. BLA, beta lactam allergy; IQR, inter-quartile range; HCT, hematopoietic cell 
transplant; SOT, solid organ transplant. 
bmeasured in the 100 days following transplant, including perioperative antibiotics but 
excluding prophylactic antibiotics (such as sulfa in any patient or fluoroquinolones in the 
HCT patients).  
cAztreonam use only reported here in HCT recipients. Among SOT recipients, very few 
(n=29) used aztreonam (25/29 were lung transplant recipients) and all use was among 
patients with BLA, so aztreonam use was not analyzed in SOT recipients.  
dFluoroquinolone use only reported in SOT recipients.  
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Figure 2. Mean percentage of total antibiotic exposure days that each antibiotic or class 
was given.  
*Significant differences in antibiotic use per antibiotic exposure days by BLA group in the 
multivariable adjusted model. BLA, Beta lactam allergy; Amp-sul, ampicillin-sulbactam; 
Amox-clav, amoxicillin-clavulanic acid; pip-tazo, piperacillin-tazobactam. 
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Figure 3: Mean percentage of antibiotic exposure days by transplant subgroups: A. 
Allogeneic hematopoietic cell transplant recipients; B. All solid organ transplant 
recipients; C. Kidney transplant recipients; D. Liver transplant recipients; E. Heart 
transplant recipients; F. Lung transplant recipients with cystic fibrosis; G. Lung transplant 
recipients without cystic fibrosis. 
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Figure 4. Results from univariate and multivariable negative binomial modelsa examining 
days of therapy/1000 inpatient days (A, figures shown on the left) and percentage of 
antibiotic exposure days (B, figures shown on the right) for each antibiotic. Estimates 
shown in blue are adjusted for age, transplant type, and diagnosis of cystic fibrosis, as 
appropriate; estimates shown in green are unadjusted. Points represent incidence rate 
ratio estimates and horizontal bars represent 95% confidence intervals. Clindamycin and 
aztreonam are shown separately to allow viewing of high incidence rate ratio estimates; 
upper limit of confidence interval may extend beyond the plot (represented by arrow).  
aAztreonam use only measured in HCT recipients, fluoroquinolone use only measured in 
SOT recipients. IRR, Incidence Rate Ratio; CI, confidence interval; SOT, Solid organ 
transplant; HCT, hematopoietic cell transplant; Amp-sul, Ampicillin-sulbactam; Amox-
clav, Amoxicillin-clavulanic acid; Pip-tazo, Piperacillin-tazobactam. 
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