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side effects.

to minimize unnecessary antibiotic use in these patients.

What is already known about this topic? In coronavirus disease-2019 (COVID-19), antibiotic use is common. Penicillin
(PCN) allergy is prevalent and affects antibacterial treatment options, risking poorer response to treatment and increased

What does this article add to our knowledge? In COVID-19, PCN allergy is associated with increased risks for worse
outcomes including hospitalization, intensive care requirement, acute respiratory failure, and mechanical ventilation.

How does this study impact current management guidelines? Patients with PCN allergy could be prioritized as a
higher-risk group for COVID-19 for the development of risk mitigation strategies, including antibiotic stewardship programs

BACKGROUND: Coronavirus disease-2019 (COVID-19)
ranges from asymptomatic to severe. Several comorbidities are
associated with worse clinical outcomes. Antibiotic use is com-
mon in COVID-19 and penicillin (PCN) allergy can affect
antibiotic choice and may influence COVID-19 outcomes.
OBJECTIVE: To investigate the impact of PCN allergy label on
COVID-19 outcomes.

METHODS: For this retrospective, cohort study, a Web-based
tool for population cohort research, TriNetX, was used to
identify adult COVID-19 patients with and without PCN allergy
label. The two cohorts were matched using 1:1 propensity score
matching for baseline demographics and conditions associated
with risk for severe COVID-19. The 30-day risks for hospitali-
zation, acute respiratory failure, intensive care unit requirement,
mechanical ventilation requirement, and mortality were then
compared between groups. Because bacterial infection can drive
alternative antibiotic regimens, additional analyses focused on
patients without bacterial infection.
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RESULTS: After propensity score matching, each cohort
consisted of 13,183 patients. COVID-19 patients with PCN al-
lergy had higher risks for hospitalization (risk ratio [RR] =
1.46; 95% confidence interval [CI], 1.41-1.52) acute respiratory
failure (RR = 1.25; 95% CI, 1.19-1.31), intensive care unit
requirement (RR = 1.20; 95% CI, 1.08-1.34), and mechanical
ventilation (RR = 1.17; 95% CI 1.03-1.32) compared with
patients without PCN allergy; however, there was no mortality
difference (RR = 1.09; 95% CI, 0.96-1.23). Although the bac-
terial infection risk was higher in PCN allergic COVID-19 pa-
tients, exclusion of patients with bacterial infections yielded
similar results.

CONCLUSIONS: Penicillin allergic patients have higher risk for
worse COVID-19 outcomes and should be considered for risk
mitigation strategies. © 2021 American Academy of Allergy,
Asthma & Immunology (J Allergy Clin Immunol Pract
2021;9:3629-37)

Key words: Drug allergy; Penicillin; Penicillin allergy; COVID-
19; Mortality; Hospitalization; Respiratory failure; Severe acute
respiratory syndrome coronavirus-2

INTRODUCTION

A novel coronavirus, severe acute respiratory syndrome
coronavirus-2, was identified in late 2019 as the causative agent
of coronavirus disease-2019 (COVID-19) and rapidly spread to
become a pandemic. Viral pneumonia of unknown etiology was
the initial presentation of patients with COVID-19 in Wuhan,
China."” Common symptoms include fever, cough, myalgia,
dyspnea, and letigue.l"’s’S Although most patients have mild
symptoms, a considerable proportion of patients experience more
severe disease that requires hospitalization and respiratory sup-
port; mortality in COVID-19 is estimated at 1% to 2% in the
United States.® Multiple studies have identified populations at
increased risk for severe disease to mitigate risk and stratify those
who may benefit from early treatment options, hospitalization,
and early vaccination in the setting of limited supplies. Patients
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Abbreviations used

COVID-19- Coronavirus disease-2019
CPT- Current Procedural Terminology
ICD- International Classification of Disease
ICU- Intensive care unit
PCN- Penicillin
PSM- Propensity score matching
SMD- Standardized mean difference

with underlying conditions such as diabetes, heart disease, and
chronic lung disease are at an especially increased risk for severe
disease.”

Upon initial presentation, COVID-19 patients can have
overlapping clinical features with acute bacterial infection.
Furthermore, a variable proportion of COVID-19 patients
(range, 8.2% to 15%) experience secondary bacterial infection, as
defined by clinical symptoms and laboratory evidence of bacterial
infection after admission.®'” Therefore, in addition to the use of
supportive therapy and antivirals, antibiotics are commonly used
during the treatment course of COVID-19.”%"" Multiple
studies on the treatment of COVID-19 patients from early in the
pandemic documented the use of antibiotics in over 60% of
COVID-19 patients (range, 6% to 95%).>'""?

In hospitalized patients, penicillin (PCN) allergy label is a
recognized cause of morbidity. Penicillin allergy label results in
the use of second-line antibiotics and broader-spectrum antibi-
otics that may put the patient at risk for poorer response to
treatment, longer hospital stay, increased health care costs, and
increased frequency of infection with drug-resistant organ-
isms.'”'" Surgical patients with reported PCN allergy have
higher probability of a surgical site infection.'” Penicillin allergy
label is common; up to 10% of patients report PCN allergy, with
symptoms varying from rash and hives to severe drug reactions
including anaphylaxis.l(’ However, most patients with PCN al-
lergy label do not have the allergy after undergoing further
evaluation, and less than 10% of patients with documented PCN
allergy test positive by PCN skin testing and/or drug chal-
lenge.'”"”

Because there is frequent use of empiric antibiotics and
increased risk for bacterial infection during the course of
COVID-19 treatment, we hypothesized that the presence of
PCN allergy label would be associated with worse clinical out-
comes in COVID-19 patients. Here, we present a retrospective
cohort study of population-based data that examined the 30-day
risk for hospitalization, acute respiratory failure, intensive care
unit (ICU) requirement, mechanical ventilation, and mortality in
COVID-19 patients with PCN allergy label. We also investi-
gated the use of antibiotics in these patients.

METHODS
Description of data source

Data were obtained from TriNetX (Cambridge, Mass), a Web-
based tool for population cohort research that provides access to
electronic medical records including visit information, de-
mographics, diagnoses, procedures, and laboratory test values. We
used the TriNetX Research Network, which encompasses electronic
medical records from approximately 64 million patients from 48

health care organizations across the United States. The database is
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deidentified and users do not have access to personal or protected
health information.

Study cohorts

We conducted study cohort identification on March 31, 2021.
We used a modified algorithm recommended by TriNetX to identify
adult patients (aged >18 years) with a COVID-19 diagnosis”””'
(see Table EI in this article’s Online Repository at www.jaci-
inpractice.org) excluding International Classification of Disease
(ICD)-10 code 079.89 (other specified viral infection). Meeting
these criteria defined the index event of COVID-19 diagnosis. Pa-
tients with a COVID-19 diagnosis were then divided into two study
cohorts based on the presence or absence of a PCN allergy label
based on an ICD-10 code of allergy status to penicillin (Z288.0). The
presence of a PCN allergy label was identified before, on the date of,
or after the index event of the COVID-19 diagnosis. Patients were
identified from January 20, 2020 to January 20, 2021; analyses were
further divided into early (January 20, 2020 to July 20, 2020) and
late (July 21, 2020 to January 20, 2021) time frames of the
pandemic.

Control variables

Matching of study cohorts was based on demographic and
common comorbid conditions that have been reported to be asso-
ciated with severe COVID-19 or might be associated with severe
COVID-19, as listed on the Centers for Disease Control and Pre-
vention website’ (Table I). These variables were identified using
TriNetX-specific term codes as well as ICD-10 codes and included
age at COVID-19 diagnosis, female sex, Black race, Hispanic or
Latino ethnicity, 150.9 (heart failure), E11 (type 2 diabetes mellitus),
768.3 (body mass index 30-39, adult), Z68.4 (body mass index 40
or greater, adult), J44 (other chronic obstructive pulmonary disease),
J43 (emphysema), N18.3 (chronic kidney disease, stage 3 [moder-
ate]), N18.4 (chronic kidney disease, stage 4 [severe]), N18.5
(chronic kidney disease, stage 5), Z72.0 (tobacco use), F17 (nicotine
dependence), Z48 (encounter for aftercare after organ transplant),
120-125 (ischemic heart diseases), Z33 (pregnant state), D57 (sickle-
cell disorders), J45 (asthma), K74 (fibrosis and cirrhosis of liver), and

B20 (human immunodeficiency virus disease).

Study outcomes

Study outcomes were the 30-day risk for hospitalization, acute
respiratory failure, ICU requirement, mechanical ventilation
requirement, and mortality after COVID-19 diagnosis as represen-
tatives of severe outcomes of COVID-19.'” Hospitalization was
defined as a record of any of the following Current Procedural
Terminology (CPT) codes: 1013699 (initial inpatient consultation
services), 1013659 (hospital inpatient services), including visit: short
stay and visit: inpatient encounter, or 1013729 (critical care ser-
vices). Acute respiratory failure was defined as an ICD-10 code of
J80 (acute respiratory distress syndrome), J96.0 (acute respiratory
failure), J96.2 (acute and chronic respiratory failure), R06.03 (acute
respiratory distress), R09.02 (hypoxemia), or J96.9 (respiratory
failure, unspecified). Intensive care was defined by CPT code
1013729 (critical care services). Mechanical ventilation was defined
as having a CPT code of 31500 (intubation, endotracheal, emer-
gency procedure), 94002 (ventilation assist and management, initi-
ation of pressure or volume preset ventilators for assisted or
controlled breathing; hospital inpatient/observation, initial day),
94003 (ventilation assist and management, initiation of pressure or
volume preset ventilators for assisted or controlled breathing; hos-
pital inpatient/observation, each subsequent day), 5A1935Z
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TABLE I. Conditions that increase or might increase the risk for
severe illness for COVID-19 patients *

At increased risk for severe illness
Cancer
Chronic kidney disease
Chronic obstructive pulmonary disease
Heart conditions (such as heart failure, coronary artery disease, or
cardiomyopathies)
Immunocompromised state from solid organ transplant
Obesity (BMI of >30 kg/m® but <40 kg/m?)
Severe obesity (BMI > 40 kg/m?)
Pregnancy
Sickle cell disease
Smoking
Type 2 diabetes mellitus
Might be at an increased risk for severe illness
Moderate-to-severe asthma
Cerebrovascular disease
Cystic fibrosis
Hypertension

Immunocompromised state from blood or bone marrow transplant,
immune deficiencies, human immunodeficiency virus disease, use of
corticosteroids, or use of other immunosuppressive medications

Neurologic conditions (such as dementia)
Liver disease

Overweight (BMI >25 kg/m?, but <30 kg/m?)
Pulmonary fibrosis

Thalassemia

Type 1 diabetes mellitus

BMI, body mass index.
*Adapted from Centers for Disease Control.”

(respiratory ventilation, <24 consecutive hours), 5A1945Z (respi-
ratory ventilation, 24-96 consecutive hours), or 5A1955Z (respira-
tory ventilation, >96 consecutive hours). Mortality was identified
using the TriNetX specific term “deceased.”

Patients with 30-day concurrent bacterial infection after COVID-
19 diagnosis in each study cohort were defined as having an ICD-10
code for either bacterial pneumonia, not elsewhere classified (J15) or
bacteremia (R78.81). These diagnoses of bacterial pneumonia and
bacteremia were chosen as bacterial infections possibly superimposed

on the COVID-19 diagnosis.

Antibiotic use

Antibiotic use was identified within 30 days after COVID-19
diagnosis using PCNs (penicillin G related PCNs, PCN amino de-
rivatives, penicillinase-resistant PCNs, extended spectrum PCNi),
cephalosporins (first, second, third, and fourth generation), carba-
penems (ertapenem, imipenem, and meropenem), monobactams
(aztreonam), erythromycins/macrolides, quinolones, tetracyclines,
vancomycin, daptomycin, linezolid, sulfamethoxazole or trimetho-
prim, and aminoglycosides. The use of the macrolide azithromycin
was also investigated.

Statistical analyses

Analyses were performed in real time using the TriNetX analytics
built-in feature. Continuous variables were described as means with
SDs, and categorical variables were described as numbers and pro-
portions. We used a two-tailed ¢ test to compare continuous data
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and chi-square to compare categorical data. We estimated the ab-
solute risk, risk ratio (RR), and 95% confidence interval (CI) of the
various study outcomes across the different study cohorts. We used
1:1 propensity score matching (PSM) to match cohorts for baseline
characteristics. A standardized mean difference (SMD) of less than
0.1 was used to indicate adequate balance in PSM. An @, level of less
than 0.05 was set to indicate statistical significance. Graphs were
plotted using GraphPad Prism (version 9.0.0, GraphPad Software,
San Diego, Calif).

RESULTS

We identified 13,186 COVID-19 patients with PCN allergy
label and 525,562 patients with COVID-19 but without PCN
allergy between January 20, 2020 and January 20, 2021. After
1:1 PSM for the baseline variables, each cohort consisted of
13,183 patients; they were well-balanced with SMD less than
0.1. Table II lists baseline characteristics before and after PSM.

During a 30-day observation period from COVID-19 diag-
nosis, 4591 of the PCN-allergic patients (34.8%) required hos-
pitalization, compared with 3136 patients without PCN allergy
(23.8%; RR = 1.46; 95% CI, 1.41-1.52; P < .001) (Figure 1,
A). Acute respiratory failure occurred in 2877 of the PCN-
allergic patients (21.8%) compared with 2305 patients without
PCN allergy (17.5%; RR = 1.25; 95% CI, 1.19-1.31; P < .001)
(Figure 1, B). A total of 690 PCN-allergic patients (5.23%)
required ICU level of care compared with 574 patients without
PCN allergy (4.35%; RR = 1.20; 95% CI, 1.08-1.34; P < .001)
(Figure 1, C). Moreover, 542 PCN-allergic patients required
mechanical ventilation (4.11%) compared with 465 patients
without PCN allergy (3.53%; RR = 1.17; 95% CI, 1.03-1.32;
P =.01) (Figure 1, D). During a 30-day observation period, 535
patients with PCN allergy died (4.06%) compared with 492
patients without PCN allergy (3.73%) (Figure 1, E).
This slightly higher mortality risk in PCN-allergic patients was
not statistically significant (RR = 1.09; 95% CI, 0.96-1.23;
P=.17).

During the 30-day observation from COVID-19 diagnosis,
antibiotics were ordered for 4423 patients with PCN allergy
(33.6%) compared with 3418 patients without PCN allergy
(25.9%; RR = 1.29; 95% CI, 1.25-1.34; P < .001). Examining
the specific classes of antibiotics, there was decreased use of
PCNs in PCN-allergic patients (n = 458; 3.47%) compared
with patients without PCN allergy (n = 989; 7.50%) (RR =
0.46; 95% CI, 0.42-0.52; P < .001). However, there was greater
use of other classes of antibiotics in PCN-allergic patients,
including cephalosporins (RR = 1.13; 95% CI, 1.07-1.20; P <
.001), carbapenems (RR = 2.29; 95% CI, 1.89-2.76; P < .001),
quinolones (RR = 2.45; 95% CI, 2.21-2.73; P < .001), mac-
rolides (RR = 1.30; 95% CI, 1.22-1.39; P < .001), tetracyclines
(RR = 1.65; 95% CI, 1.49-1.83; P < .001), and vancomycin
(RR = 1.62; 95% CI, 1.48-1.77; P < .001) (Figure 2). Azi-
thromycin, a macrolide antibiotic, was used in 1803 patients
with PCN allergy (13.7%) compared with 1382 patients
without PCN allergy (10.5%; RR = 1.31; 95% CI, 1.22-1.39;
P < .001).

Because this observed higher risk for hospitalization, acute
respiratory failure, ICU level of care, and mechanical ventilation
in COVID-19 patients with a PCN allergy label could be
attributed to alternative antibiotic regimens used to treat con-
current bacterial infection, we determined the proportion of



TABLE Il. Baseline characteristics of COVID-19 patients with and without PCN allergy

Before propensity score matching

After propensity score matching

Code Characteristic PCN allergy (n = 13,186) No PCN allergy (n = 525,562) P SMD PCN allergy (n = 13,183) No PCN allergy (n = 13,183) P SMD

Age at index, y 56.32 (18.92) 47.89 (18.73) <.001 045 56.32 (18.92) 56.67 (18.89) 13 0.02

Female 8967 (68.00) 290,799 (55.33) <.001 0.26 8964 (68.00) 8942 (67.83) 77 <0.01
2054-5 Black 2752 (20.87) 91,095 (17.33) <.001 0.09 2751 (20.87) 2746 (20.83) 94  <0.01
2135-2  Hispanic or Latino 541 (4.10) 63,397 (12.06) <.001 0.30 541 (4.10) 500 (3.79) .19 0.02
Ell Type 2 diabetes mellitus 4526 (34.32) 74,445 (14.17) <.001 048 4523 (34.31) 4598 (34.88) 33 0.01
120-125 TIschemic heart disease 3921 (29.74) 46,355 (8.82) <.001 0.55 3918 (29.72) 3890 (29.51) 71 <0.01
150 Heart failure 2567 (19.47) 27,395 (5.21) <.001 044 2564 (19.45) 2493 (18.91) 27 0.01
768.3 Body mass index 30-39 kg/m* 3303 (25.05) 40,242 (7.66) <.001 048 3300 (25.03) 3286 (24.93) .84 <0.01
768.4 Body mass index >40 kg/m2 2135 (16.19) 23,960 (4.56) <.001 0.39 2132 (16.17) 2113 (16.03) 75 <0.01
F17 Nicotine dependence 2880 (21.84) 42,449 (8.08) <.001 0.39 2877 (21.82) 2891 (21.93) .83 <0.01
772.0 Tobacco use 975 (7.39) 11,882 (2.26) <.001 0.24 974 (7.39) 922 (6.99) 22 0.02
J45 Asthma 3537 (26.82) 50,888 (9.68) <.001 046 3534 (26.81) 3509 (26.62) 73 <0.01
J44 Other chronic obstructive 2482 (18.82) 23,182 (4.41) <.001 046 2479 (18.81) 2407 (18.26) 25 0.01

pulmonary disease
J43 Emphysema 849 (6.44) 7946 (1.51) <.001 0.25 846 (6.42) 775 (5.88) .07 0.02
N18.3  Chronic kidney disease, stage 3 1336 (10.13) 17,220 (3.28) <.001 0.28 1334 (10.12) 1241 (9.41) .05 0.02
NI18.4  Chronic kidney disease, stage 4 519 (3.94) 5868 (1.12) <.001 0.18 518 (3.93) 441 (3.35) .01 0.03
N18.5 Chronic kidney disease, stage 5 237 (1.80) 3076 (0.59) <.001 0.11 236 (1.79) 193 (1.46) .04 0.03
733 Pregnant state 501 (3.80) 14,295 (2.72) <.001 0.06 501 (3.80) 533 (4.04) 31 0.01
K74 Fibrosis and cirrhosis of liver 373 (2.83) 4951 (0.94) <.001 0.14 372 (2.82) 323 (2.45) .06 0.02
748.2 Encounter for aftercare following 191 (1.45) 1672 (0.32) <.001 0.12 190 (1.44) 162 (1.23) .13 0.02
organ transplant

D57 Sickle-cell disorders 118 (0.90) 1781 (0.34) <.001 0.07 118 (0.90) 104 (0.79) .35 0.01
B20 Human immunodeficiency virus disease 100 (0.76) 2329 (0.44) <.001 0.04 100 (0.76) 84 (0.64) 24 0.01

PCN, penicillin; SMD, standardized mean difference.

Values are expressed as means (SDs) for continuous variables and n (%) for categorical variables.
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FIGURE 1. Penicillin (PCN) allergy label is associated with worse outcomes in coronavirus disease-2019 (COVID-19). The 30-day risks of
(A) hospitalization, (B) acute respiratory failure, (C) intensive level of care, (D) mechanical ventilation, (E) and mortality in COVID-19
patients without PCN allergy label (black bars) (n = 13,183) compared with COVID-19 patients with PCN allergy (gray bars) (n =

13,183). **P =.01; ***P <.001; NS, not statistically significant.

patients who developed bacterial pneumonia or bacteremia
within 30 days after COVID-19 diagnosis in each study cohort.
Bacterial infection occurred in 515 PCN-allergic COVID-19
patients (3.91%) but in only 347 COVID-19 patients without
PCN allergy (2.63%; RR = 1.48; 95% CI, 1.30-1.70;
P < .001).

We then conducted exploratory analyses to account for this
confounding factor by excluding patients who had bacterial
pneumonia or bacteremia within 30 days after COVID-19
diagnosis. After excluding these patients, we identified two new
cohorts of patients: PCN-allergic patients with no bacterial
infection during the 30 days after COVID-19 diagnosis (n =
12,634) and PCN nonallergic patients with no bacterial infection
during the 30 days after COVID-19 diagnosis (n = 518,434).
These two cohorts were also successfully matched (SMD < 0.1)
for the same baseline variables; 12,630 matched patients in each
group were included in the final analysis (Table III). After
excluding patients with bacterial infection, COVID-19 patients
with PCN allergy still had an increased risk for hospitalization:
4093 patients hospitalized (32.4%) compared with 2707 PCN
nonallergic patients hospitalized (21.4%; RR = 1.51; 95% ClI,
1.45-1.58; P < .001) (Figure 3, A). The increased risk for acute

respiratory failure also persisted; 2451 PCN-allergic COVID-19
patients developed acute respiratory failure (19.4%) compared
with 1846 COVID-19 patients without PCN allergy (14.6%;
RR = 1.33; 95% CI, 1.26-1.49; P < .001) (Figure 3, B). The
increased need for intensive care also remained in PCN-allergic
patients (n = 508; 4.02%) compared with patients without
PCN allergy (n = 421; 3.33%; RR = 1.21; 95% CI, 1.06-1.37;
P = .004) (Figure 3, C). More patients with PCN allergy
required mechanical ventilation (n = 372; 2.95%) compared to
patients without PCN allergy (n = 297; 2.35%; RR = 1.25;
95% CI, 1.08-1.46; P = .003) (Figure 3, D). There was a sta-
tistical difference in mortality risk between COVID-19 patients
with PCN allergy (n = 447; 3.54%) and COVID-19 patients
without PCN allergy (n = 390; 3.09%; RR = 1.15; 95% CI,
1.00-1.31; P = .045) (Figure 3, E). Despite the exclusion of
patients with bacteremia and bacterial pneumonia, 3963 patients
with PCN allergy received antibiotics (31.4%) and 3005 patients
without PCN allergy received antibiotics (23.8%; RR = 1.32;
95% ClI, 1.27-1.37; P < .001).

Because management of COVID-19 patients, including use of
antibiotics, might have changed from early to later in the
pandemic with increased data on rates of concurrent bacterial
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FIGURE 2. Antibiotic use in coronavirus disease-2019 (COVID-19) patients with and without penicillin (PCN) allergy. Rates of use of
PCNs, cephalosporins, carbapenems, quinolones, macrolides, tetracyclines, and vancomycin in COVID-19 patients without PCN allergy

(black bars) and with PCN allergy (gray bars). ***P < .001.

infections and recommendations for antibiotic use in COVID-
19,%7%% we investigated COVID-19 outcomes early (January 20,
2020 to July 20, 2020) and later in the pandemic (July 21, 2020
to January 20, 2021) between patients with and without PCN
allergy after similar PSM methods. The 30-day risks for hospi-
talization, acute respiratory failure, ICU level of care, and me-
chanical ventilation for COVID-19 patients were higher both
early and late in the pandemic in PCN-allergic patients
compared to patients without PCN allergy (see Table E2 in this
article’s Online Repository at www.jaci-inpractice.org).

DISCUSSION

To the authors’ knowledge, this is the first large retrospective
cohort study that assessed the impact of PCN allergy label on
clinical outcomes in COVID-19. Although not clearly defined,
the development of symptoms and clinical outcomes in COVID-
19 patients has been shown to take days to weeks.”” We showed
that PCN allergy is associated with a 1.5-fold increased risk for
hospitalization, a 1.3-fold increased risk for acute respiratory
failure, a 1.2—fold increase in risk for intensive level of care, and
a 1.2-fold increased risk for mechanical ventilation within 30
days of COVID-19 diagnosis. The basis for this negative impact
of PCN allergy label on COVID-19 disease outcome is unclear;
however, it does not appear to be explained solely by concurrent
bacteremia and bacterial pneumonia, because the higher risks for
hospitalization, acute respiratory failure, ICU level of care, and
mechanical ventilation in our study persisted after we excluded
patients with bacterial infection during the 30-day observation
period.

Early in the pandemic, the World Health Organization issued
guidance for managing COVID-19, which advocated for starting

empiric antimicrobials to treat all likely pathogens in severe
illness, even if COVID-19 was suspected, and then to deescalate
based on testing results.”® In the United States during the
pandemic, the Veterans’ Health Administration noticed a spike
in antibiotic use with greatest increases in ceftriaxone, cefepime,
doxycycline, and azithromycin.”” Indeed, antibiotic use in
COVID-19 patients is common; several studies documented
antibiotic use in more than 60% of patients (range, 6% to
9505),5:10-12 Frequently used antibiotics included moxifloxacin,
azithromycin, cephalosporins, and PCNs.*>”'"*® With such
frequent use of antibiotics in COVID-19 patients,”®"'" PCN
allergy label may result in increased side effects from the use of
broader-spectrum antibiotics and alternative antibiotics. The
impact of such broader and alternative antibiotic regimens could
be mediating the increased risk for worse outcomes in COVID-
19 for PCN-allergic patients.

In contrast to the higher rate of antibiotic use among
COVID-19 patients, the reported rates of secondary bacterial
infection in COVID-19 patients are lower and ranged from
8.2% to 15% of patients.” '’ Our study demonstrated a lower
rate of concurrent bacterial infections; however, it is possible that
our composite ICD-10 codes for concurrent bacterial infections
of bacterial pneumonia and bacteremia did not account for all
such bacterial infections. Nonetheless, this observed discrepancy
between the reported rate of bacterial infection and the use of
antibiotics indicates that antibiotic use in COVID-19 patients is
largely empiric, and PCN allergy label is likely to modify the
choice of empiric antibiotic coverage.

Owing to the risks of PCN allergy label, including use of
broader antibiotics, longer hospitalization, poorer response to
treatment,' ' * and concern for antibiotic resistance, the position
statement from the American Academy of Allergy, Asthma, and
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TABLE lll. Baseline characteristics of COVID-19 patients with and without PCN allergy for cases without bacterial pneumonia or bacteremia

Before propensity score matching

After propensity score matching

Code Characteristic PCN allergy (n = 12,634) No PCN allergy (n = 518,434) P SMD PCN allergy (n = 12,630) No PCN allergy (hn = 12,630) P SMD

Age at index, y 55.89 (18.95) 47.68 (18.68) <.001 0.44 55.89 (18.96) 56.17 (18.90) 23 0.01

Female 8652 (68.48) 288,017 (55.56) <.001 0.27 8648 (68.47) 8641 (68.42) 92 <0.01
2054-5 Black 2631 (20.83) 89,637 (17.29) <.001 0.09 2628 (20.81) 2627 (20.80) 99  <0.01
2135-2 Hispanic or Latino 522 (4.13) 62,307 (12.02) <.001 0.29 522 (4.13) 473 (3.75) A1 0.02
Ell Type 2 diabetes mellitus 4216 (33.37) 71,209 (13.74) <.001 0.48 4212 (33.35) 4205 (33.29) 93  <0.01
120-125 Ischemic heart disease 3617 (28.63) 43,946 (8.48) <.001 0.54 3613 (28.61) 3545 (28.07) .34 0.01
150 Heart failure 2322 (18.38) 25,515 (4.92) <.001 043 2318 (18.35) 2137 (16.92) .003 0.04
768.3  Body mass index 30-39 kg/m2 3119 (24.69) 39,041 (7.53) <.001 0.48 3115 (24.66) 3150 (24.94) .61 <0.01
768.4  Body mass index >40 kg/m2 2015 (15.95) 23,238 (4.48) <.001 0.39 2011 (15.92) 1968 (15.58) 46  <0.01
F17 Nicotine dependence 2759 (21.84) 41,442 (7.99) <.001 0.40 2755 (21.81) 2827 (22.38) 27 0.01
Z72.0  Tobacco use 928 (7.35) 11,567 (2.23) <.001 0.24 927 (7.34) 868 (6.87) 15 0.02
J45 Asthma 3384 (26.79) 49,947 (9.63) <.001 0.46 3380 (26.76) 3392 (26.86) 86 <0.01
J44 Other chronic obstructive pulmonary disease 2287 (18.10) 21,881 (4.22) <.001 0.45 2283 (18.08) 2166 (17.15) .05 0.02
J43 Emphysema 760 (6.02) 7414 (1.43) <.001 0.24 757 (5.99) 655 (5.19) .005 0.04
N18.3  Chronic kidney disease, stage 3 1199 (9.49) 16,111 (3.11) <.001 0.27 1197 (9.48) 1136 (8.99) .18 0.02
N18.4  Chronic kidney disease, stage 4 460 (3.64) 5376 (1.04) <.001 0.17 458 (3.63) 376 (2.98) .004  0.04
N18.5 Chronic kidney disease, stage 5 208 (1.65) 2770 (0.53) <.001 0.11 206 (1.63) 158 (1.25) .01 0.03
733 Pregnant state 495 (3.92) 14,238 (2.75) <.001 0.07 495 (3.92) 542 (4.29) 14 0.02
K74 Fibrosis and cirrhosis of liver 345 (2.73) 4626 (0.89) <.001 0.14 344 (2.72) 313 (2.48) 22 0.02
ZA8.2  Encounter for aftercare following 167 (1.32) 1513 (0.29) <.001 0.12 165 (1.31) 122 (0.97) .01 0.03

organ transplant

D57 Sickle-cell disorders 114 (0.90) 1737 (0.34) <.001 0.07 113 (0.90) 114 (0.90) 95 <0.01
B20 Human immunodeficiency virus disease 94 (0.74) 2273 (0.44) <.001 0.04 94 (0.74) 86 (0.68) 55 <0.01

PCN, penicillin; SMD, standardized mean difference.
Values are expressed as means (SDs) for continuous variables and n (%) for categorical variables.
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FIGURE 3. Penicillin (PCN) allergy label is associated with worse outcomes in coronavirus disease-2019 (COVID-19) irrespective of
concurrent bacterial infection. The 30-day risks for (A) hospitalization, (B) acute respiratory failure, (C) intensive level of care, (D) me-
chanical ventilation, (E) and mortality in COVID-19 patients without PCN allergy (black bars) (n = 12,630) compared to COVID-19
patients with PCN allergy (gray bars) (n = 12,630) after excluding patients who developed concurrent bacterial infection. *P < .05;

*¥*pP <.01; ***P <.001.

Immunology supports further workup and testing for patients
with documented PCN allergy,z‘) because greater than 90% of
patients, when propetly evaluated, are able to be cleared of the
PCN allergy label.'”"” The findings that COVID-19 patients
with PCN allergy are at increased risk for severe outcomes further
supports the evaluation of patients with PCN allergy label,
because clearance of the PCN allergy might reduce the risk for
poorer outcomes in COVID-19. This is an area for further
investigation.

We acknowledge several limitations to our study. (1) The use
of ICD-10 codes is subject to reported bias; however, we expect
this to affect both study cohorts equally. (2) Although the co-
horts were matched for multiple underlying conditions that are
associated with increased risk for severe disease in COVID-19,
we could not account for other diagnoses such as cancer
because of ICD-10 code limitations, and we could not account
for possible higher-risk conditions that have not yet been iden-
tified, which could represent confounding variables in these co-
horts. (3) Not every patient in the no—PCN allergy cohort was
tested for an allergy to PCNs, and so some patients in this cohort

could have an unrecognized PCN allergy. (4) Finally, because
most patients with a PCN allergy label may not prove to have
true PCN allergy when properly evaluated, our results should be
interpreted with caution.

Based on these findings of higher risk of severe outcomes in
COVID-19, patients with PCN allergy could be prioritized to a
higher risk group. Strategies for mitigating these increased risks
for patients with PCN allergy should be considered, including
evaluating PCN allergy for possible de-labeling and early

vaccination.
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TABLE E1. International Classification of Disease (ICD)-10 and Current Procedural Terminology (CPT) codes with matching terms used to
identify COVID-19 patients

Code Term

B97.29 Other coronavirus as cause of diseases classified elsewhere

B34.2 Coronavirus infection, unspecified

J12.81 Pneumonia due to SARS-associated coronavirus

u07.1 COVID-19

U07.2 COVID-19, virus not identified (World Health Organization)

94307-6 SARS coronavirus 2 N gene [presence] in unspecified specimen by nucleic acid amplification using primer-probe set N1

94308-4 SARS coronavirus 2 N gene [presence] in unspecified specimen by nucleic acid amplification using primer-probe set N2

94309-2 SARS coronavirus 2 RNA [presence] in unspecified specimen by NAA with probe detection

94310-0 SARS-like coronavirus N gene [presence] in unspecified specimen by NAA with probe detection

94314-2 SARS coronavirus 2 RdRp gene [presence] in unspecified specimen by NAA with probe detection

94315-9 SARS coronavirus 2 E gene [presence] in unspecified specimen by NAA with probe detection

94316-7 SARS coronavirus 2 N gene [presence] in unspecified specimen by NAA with probe detection

94500-6 SARS coronavirus 2 RNA [presence] in respiratory specimen by NAA with probe detection

94502-2 SARS-related coronavirus RNA [presence] in respiratory specimen by NAA with probe detection

94532-9 SARS-related coronavirus plus Middle East respiratory syndrome coronavirus RNA [presence] in respiratory
specimen by NAA with probe detection

94533-7 SARS coronavirus 2 N gene [presence] in respiratory specimen by NAA with probe detection

94534-5 SARS coronavirus 2 RDRP gene [presence] in respiratory specimen by NAA with probe detection

94559-2 SARS coronavirus 2 orflab region [presence] in nasopharynx by NAA with non-probe detection

94565-9 SARS coronavirus 2 RNA [presence] in nasopharynx by NAA with non-probe detection

94639-2 SARS coronavirus 2 orflab region [presence] in unspecified specimen by NAA with probe detection

94640-0 SARS coronavirus 2 S gene [presence] in respiratory specimen by NAA with probe detection

94641-8 SARS coronavirus 2 S gene [presence] in unspecified specimen by NAA with probe detection

94647-5 SARS-related coronavirus RNA [presence] in unspecified specimen by NAA with probe detection

94660-8 SARS coronavirus 2 RNA [presence] in serum or plasma by NAA with probe detection

94756-4 SARS coronavirus 2 N gene [presence] in respiratory specimen by nucleic acid amplification using Centers for
Disease Control and Prevention primer-probe set N1

94757-2 SARS coronavirus 2 N gene [presence] in respiratory specimen by nucleic acid amplification using Centers for
Disease Control and Prevention primer-probe set N2

94758-0 SARS coronavirus 2 E gene [presence] in respiratory specimen by NAA with probe detection

94759-8 SARS coronavirus 2 RNA [presence] in nasopharynx by NAA with probe detection

94765-5 SARS coronavirus 2 E gene [presence] in serum or plasma by NAA with probe detection

94766-3 SARS coronavirus 2 N gene [presence] in serum or plasma by NAA with probe detection

94767-1 SARS coronavirus 2 S gene [presence] in serum or plasma by NAA with probe detection

94508-9 SARS coronavirus 2 IgM antibody [presence] in serum or plasma by rapid immunoassay

94564-2 SARS coronavirus 2 IgM antibody [presence] in serum or plasma by immunoassay

COVID-19, Coronavirus disease-2019; NAA, nucleic acid amplification; SARS, Severe acute respiratory syndrome.



TABLE E2. Risk of clinical outcomes, risk of concurrent bacterial infection, and rates of antibiotic use in COVID-19 patients early and late in the pandemic

Early (January 20, 2020 to July 20, 2020) Late (July 21, 2020 to January 20, 2021)

OL HIFGNNN ‘6 INNTOA

No PCN allergy, PCN allergy, 95% confidence No PCN allergy, n (%)  PCN allergy, n (%) 95%
Outcome n (%) (n = 3419) n (%) (n = 3419) Risk ratio interval P (n = 10,220) (n = 10,220) Risk ratio  confidence interval P
Hospitalization 929 (27.2) 1353 (39.6) 1.46 1.36-1.56 <.001 2312 (22.6) 3370 (33.0) 1.46 1.39-1.53 <.001
Acute respiratory failure 652 (19.1) 858 (25.1) 1.32 1.20-1.44 <.001 1698 (16.6) 2103 (20.6) 1.24 1.17-1.31 <.001
Intensive care unit 197 (5.76) 248 (7.25) 1.26 1.05-1.51 .01 380 (3.72) 463 (4.53) 1.22 1.07-1.39 .004
level of care
Mechanical ventilation 163 (4.77) 202 (5.91) 1.24 1.01-1.52 .04 289 (2.83) 352 (3.44) 1.22 1.05-1.42 .01
Mortality 185 (5.41) 176 (5.15) 0.95 0.78-1.16 .63 325 (3.18) 372 (3.64) 1.15 0.99-1.33 .07
Bacterial infection 119 (3.48) 181 (5.29) 1.52 1.21-1.91 <.001 248 (2.43) 357 (3.49) 1.44 1.23-1.69 <.001
Antibiotic use 1044 (30.5) 1277 (37.4) 1.22 1.14-1.31 <.001 2448 (24.0) 3272 (32.0) 1.34 1.28-1.40 <.001

CI, Confidence interval; COVID-19, coronavirus disease-2019; ICU, intensive care unit; PCN, penicillin.

Results are after 1:1 propensity score matching for baseline variables.
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