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Reports From the Field

Successful COVID-19 Surge Management With 
Monoclonal Antibody Infusion in Emergency 
Department Patients
Daniel S. Chow, MD, Ruchi Desai, BS, Mazaya Soundara, BS, Shruti Gohil, MD, MPH,  
Peter D. Chang, MD, Alpesh Amin, MD, MBA

Background: The COVID-19 pandemic has placed substantial 
strain on hospital resources and has been responsible for 
more than 733 000 deaths in the United States. The US 
Food and Drug Administration has granted emergency use 
authorization (EUA) for monoclonal antibody (mAb) therapy in 
the US for patients with early-stage high-risk COVID-19.

Materials: In this retrospective cohort study, we studied the 
emergency department (ED) during a massive COVID-19 
surge in Orange County, California, from December 4, 2020, 
to January 29, 2021, as a potential setting for efficient mAb 
delivery by evaluating the impact of bamlanivimab use in 
high-risk COVID-19 patients. All patients included in this study 
had positive results on nucleic acid amplification detection 
from nasopharyngeal or throat swabs, presented with 1 or 
more mild or moderate symptom, and met EUA criteria for 
mAb treatment. The primary outcome analyzed among this 
cohort of ED patients was overall improvement, which included 

subsequent ED/hospital visits, inpatient hospitalization, and 
death related to COVID-19.

Results: We identified 1278 ED patients with COVID-19 not 
treated with bamlanivimab and 73 patients with COVID-19 
treated with bamlanivimab during the treatment period. 
Of these patients, 239 control patients and 63 treatment 
patients met EUA criteria. Overall, 7.9% (5/63) of patients 
receiving bamlanivimab had a subsequent ED/hospital 
visit, hospitalization, or death compared with 19.2% 
(46/239) in the control group (P = .03).

Conclusion: Targeting ED patients for mAb treatment may be an 
effective strategy to prevent progression to severe COVID-19 
illness and substantially reduce the composite end point of 
repeat ED visits, hospitalizations, and deaths, especially for 
individuals of underserved populations who may not have 
access to ambulatory care.

Keywords: COVID-19; mAb; bamlanivimab; surge management.

Since December 2019, the novel pathogen SARS-
CoV-2 has spread rapidly, culminating in a 
pandemic that has caused more than 4.9 million 

deaths worldwide and claimed more than 733 000 lives in 
the United States.1 The scale of the COVID-19 pandemic has 
placed an immense strain on hospital resources, including 
personal protective equipment (PPE), beds, ventilators and 
personnel.2,3 A previous analysis demonstrated that hos-
pital capacity strain is associated with increased mortality 
and worsened health outcomes.4 A more recent analysis in 
light of the COVID-19 pandemic found that strains on critical 
care capacity were associated with increased COVID-19 
intensive care unit (ICU) mortality.5 While more studies are 
needed to understand the association between hospi-
tal resources and COVID-19 mortality, efforts to decrease 
COVID-19 hospitalizations by early targeted treatment of 

patients in outpatient and emergency department (ED) set-
tings may help to relieve the burden on hospital personnel 
and resources and decrease subsequent mortality.

Current therapeutic options focus on inpatient manage-
ment of patients who progress to acute respiratory illness 
while patients with mild presentations are managed with 
outpatient monitoring, even those at high risk for progres-
sion. At the moment, only remdesivir, a viral RNA-dependent 
RNA polymerase inhibitor, has been approved by the US 
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Food and Drug Administration (FDA) for treatment of 
hospitalized COVID-19 patients.6 However, in November 
2020, the FDA granted emergency use authorization 
(EUA) for monoclonal antibodies (mAbs), monotherapy, and 
combination therapy in a broad range of early-stage, high-
risk patients.7-9 Neutralizing mAbs include bamlanivimab 
(LY-CoV555), etesevimab (LY-CoV016), sotrovimab (VIR-
7831), and casirivimab/imdevimab (REGN-COV2). These 
anti–spike protein antibodies prevent viral attachment to the 
human angiotensin-converting enzyme 2 receptor (hACE2) 
and subsequently prevent viral entry.10 mAb therapy has 
been shown to be effective in substantially reducing viral 
load, hospitalizations, and ED visits.11 

Despite these promising results, uptake of mAb ther-
apy has been slow, with more than 600 000 available 
doses remaining unused as of mid-January 2021, despite 
very high infection rates across the United States.12 In 
addition to the logistical challenges associated with intra-
venous (IV) therapy in the ambulatory setting, identifying, 
notifying, and scheduling appointments for ambulatory 
patients hamper efficient delivery to high-risk patients 
and limit access to underserved patients without primary 
care providers. For patients not treated in the ambulatory 
setting, the ED may serve as an ideal location for early 
implementation of mAb treatment in high-risk patients 
with mild to moderate COVID-19.

The University of California, Irvine (UCI) Medical Center 
is not only the major premium academic medical center 

in Orange County, California, but also the primary safety 
net hospital for vulnerable populations in Orange County. 
During the surge period from December 2020 through 
January 2021, we were over 100% capacity and had built 
an onsite mobile hospital to expand the number of beds 
available. Given the severity of the impact of COVID-19 on 
our resources, implementing a strategy to reduce hospi-
tal admissions, patient death, and subsequent ED visits 
was imperative. Our goal was to implement a strategy on 
the front end through the ED to optimize care for patients 
and reduce the strain on hospital resources. 

We sought to study the ED during this massive 
surge as a potential setting for efficient mAb delivery by 
evaluating the impact of bamlanivimab use in high risk 
COVID-19 patients.

Methods 
We conducted a retrospective cohort study (approved by 
UCI institutional review board) of sequential COVID-19 adult 
patients who were evaluated and discharged from the ED 
between December 4, 2020, and January 29, 2021, and 
received bamlanivimab treatment (cases) compared with a 
nontreatment group (control) of ED patients.

Using the UCI electronic medical record (EMR) system, 
we identified 1278 ED patients with COVID-19 not treated 
with bamlanivimab and 73 patients with COVID-19 treated 
with bamlanivimab during the months of December 2020 
and January 2021. All patients included in this study 
met the EUA criteria for mAb therapy. According to 
the Centers for Disease Control and Prevention (CDC), 
during the period of this study, patients met EUA criteria 
if they had mild to moderate COVID-19, a positive direct 
SARS-CoV-2 viral testing, and a high risk for progress-
ing to severe COVID-19 or hospitalization.13 High risk for 
progressing to severe COVID-19 and/or hospitalization is 
defined as meeting at least 1 of the following criteria: a 
body mass index of 35 or higher, chronic kidney disease 
(CKD), diabetes, immunosuppressive disease, currently 
receiving immunosuppressive treatment, aged 65 years 
or older, aged 55 years or older and have cardiovascular 
disease or hypertension, or chronic obstructive pulmo-
nary disease (COPD)/other chronic respiratory diseases.13 
All patients in the ED who met EUA criteria were offered 
mAb treatment; those who accepted the treatment were 

Figure 1. Model for EMR review.
ED, emergency department; EMR, electronic medical record; EUA, emergency 
use authorization.
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included in the treatment group, and those who refused 
were included in the control group.

All patients included in this study had positive results on 
nucleic acid amplification detection from nasopharyngeal 
or throat swabs and presented with 1 or more mild or 
moderate symptom, defined as: fever, cough, sore throat, 
malaise, headache, muscle pain, gastrointestinal symp-
toms, or shortness of breath. We excluded patients admit-
ted to the hospital on that ED visit and those discharged to 
hospice. In addition, we excluded patients who presented 
2 weeks after symptom onset and those who did not 
meet EUA criteria. Demographic data (age and gender) 
and comorbid conditions were obtained by EMR review. 
Comorbid conditions obtained included diabetes, hyper-
tension, cardiovascular disease, coronary artery disease, 
CKD/end-stage renal disease (ESRD), COPD, obesity, and 
immunocompromised status.

Bamlanivimab infusion therapy in the ED followed CDC 
guidelines. Each patient received 700 mg of bamlanivimab 

diluted in 0.9% sodium chloride and administered as a sin-
gle IV infusion. We established protocols to give patients IV 
immunoglobulin (IVIG) infusions directly in the ED.

The primary outcome analyzed among this cohort of 
ED patients was overall improvement, which included 
subsequent ED/hospital visits, inpatient hospitalization, 
and death related to COVID-19 within 90 days of initial ED 
visit. Each patient was only counted once. Data analysis 
and statistical tests were conducted using SPSS statis-
tical software (SPSS Inc). Treatment effects were com-
pared using χ2 test with an α level of 0.05. A t test was 
used for continuous variables, including age. A P value of 
less than .05 was considered significant.

Results 
We screened a total of 1351 patients with COVID-19. 
Of these, 1278 patients did not receive treatment with 
bamlanivimab. Two hundred thirty-nine patients met 
inclusion criteria and were included in the control group. 

Table 1. Characteristics of ED Patients With COVID-19

Characteristic
Treatment 
n = 63

Control 
n = 239 P value

Median age, y (IQR) 61 (55-73) 57 (48-68) .03

Male, n (%) 37 (58.7) 134 (56.1) .70

Mean symptom onset, d 5.5 4.7 .43

Comorbid conditions, n (%)

Diabetes 22 (34.9) 108 (45.2) .22

Hypertension 31 (49.2) 121 (50.6) .94

Cardiovascular disease 2 (3.2) 8 (3.3) .98

Coronary artery disease 2 (3.2) 14 (5.9) .43

CKD/ESRD 13 (20.6) 25 (10.5) .02

COPD 6 (9.5) 17 (7.1) .46

Obesity 35 (55.6) 134 (56.1) .80

Immunocompromised 2 (3.2) 7 (2.9) .32

Race/ethnicity, n (%)

White 23 (36.5) 82 (34.3) .74

Asian 21 (33.3) 63 (26.4) .27

Hispanic 13 (20.6) 74 (31.0) .11

Other 1 (1.6) 10 (4.2) .47

Black 1 (1.6) 3 (1.3) .84

Native American or Pacific Islander 4 (6.3) 5 (2.1) .79

Unknown 0 (0) 2 (0.8) .47

CKD/ESRD, chronic kidney disease/end-stage renal disease; COPD, chronic obstructive pulmonary disease; ED, emergency department;  
IQR, interquartile range.
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Seventy-three patients were treated with bamlanivimab in 
the ED; 63 of these patients met EUA criteria and com-
prised the treatment group (Figure 1).

Demographic details of the trial groups are provided in 
Table 1. The median age of the treatment group was 61 
years (interquartile range [IQR], 55-73), while the median 
age of the control group was 57 years (IQR, 48-68). The 
difference in median age between the treatment and 
control individuals was significantly different (P = .03). 
There was no significant difference found in terms of gen-
der between the control and treatment groups (P = .07). In 
addition, no significant difference was seen among racial 
and ethnic groups in the control and treatment groups. 
Comorbidities and demographics of all patients in the 
treatment and control groups are provided in Table 1. The 
only comorbidity that was found to be significantly differ-
ent between the treatment and control groups was CKD/
ESRD. Among those treated with bamlanivimab, 20.6% 
(13/63) had CKD/ESRD compared with 10.5% (25/239) in 
the control group (P = .02). 

Overall, 7.9% (5/63) of patients receiving bam-
lanivimab had a subsequent ED/hospital visit, hospi-
talization, or death compared with 19.2% (46/239) in 
the control group (P = .03) (Table 2). While the primary 
outcome of overall improvement was significantly dif-
ferent between the 2 groups, comparison of the indi-
vidual components, including subsequent ED visits, 
hospitalizations, or death, were not significant. No treat-
ment patients were hospitalized, compared with 5.4% 
(13/239) in the control group (P = .05). In the treatment 
group, 6.3% (4/63) returned to the ED compared with 
12.6% (30/239) of the control group (P = .17). Finally, 
1.6% (1/63) of the treatment group had a subsequent 

death that was due to COVID-19 compared with 1.3% 
(3/239) in the control group (P = .84) (Figure 2).

Discussion 
In this retrospective cohort study, we observed a signif-
icant difference in rates of COVID-19 patients requiring 
repeat ED visits, hospitalizations, and deaths among 
those who received bamlanivimab compared with those 
who did not. Our study focused on high-risk patients 
with mild or moderate COVID-19, a unique subset of indi-
viduals who would normally be followed and treated via 
outpatient monitoring. We propose that treating high-risk 
patients earlier in their disease process with mAb therapy 
can have a major impact on overall outcomes, as defined 
by decreased subsequent hospitalizations, ED visits,  
and death. 

Compared to clinical trials such as BLAZE-1 or 
REGN-COV2, every patient in this trial had at least 1 
high-risk characteristic.9,11 This may explain why a greater 
proportion of our patients in both the control and treat-
ment groups had subsequent hospitalization, ED visits, 
and deaths. COVID-19 patients seen in the ED may be 
a uniquely self-selected population of individuals likely to 
benefit from mAb therapy since they may be more likely 
to be sicker, have more comorbidities, or have less readily 
available primary care access for testing and treatment.14 

Despite conducting a thorough literature review, we 
were unable to find any similar studies describing the ED 
as an appropriate setting for mAb treatment in patients 
with COVID-19. Multiple studies have used outpatient 
clinics as a setting for mAb treatment, and 1 retrospec-
tive analysis found that neutralizing mAb treatment in 
COVID-19 patients in an outpatient setting reduced hos-
pital utilization.15 However, many Americans do not have 
access to primary care, with 1 study finding that only 75% 
of Americans had an identified source of primary care in 
2015.16 Obstacles to primary care access include disabil-
ities, lack of health insurance, language-related barriers, 
race/ethnicity, and homelessness.17 Barriers to access 
for primary care services and timely care make these 
populations more likely to frequent the ED.17 This makes 
the ED a unique location for early and targeted treatment 
of COVID-19 patients with a high risk for progression to 
severe COVID-19.

Table 2. COVID-19–Related Repeat ED Visits, 
Hospitalizations, and Deaths

No. of Patients (%)

Outcomes Treatment Control P value

n = 63 n = 239

Repeat ED visit 4 (6.3) 30 (12.6) .17

Hospitalization 0 (0) 13 (5.4) .05

Death 1 (1.6) 3 (1.3) .84

Composite 5 (7.9) 46 (19.2) .03

ED, emergency department.
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During surge periods in the COVID-19 pandemic, 
many hospitals met capacity or superseded their capac-
ity for patients, with 4423 hospitals reporting more than 
90% of hospital beds occupied and 2591 reporting more 
than 90% of ICU beds occupied during the peak surge 
week of January 1, 2021, to January 7, 2021.18 The main 
goals of lockdowns and masking have been to decrease 
the transmission of COVID-19 and hopefully flatten the 
curve to alleviate the burden on hospitals and decrease 
patient mortality. However, in surge situations when hos-
pitals have already been pushed to their limits, we need 
to find ways to circumvent these shortages. This was 
particularly true at our academic medical center during 
the surge period of December 2020 through January 
2021, necessitating the need for an innovative approach 
to improve patient outcomes and reduce the strain on 
resources. Utilizing the ED and implementing early treat-
ment strategies with mAbs, especially during a surge 
crisis, can decrease severity of illness, hospitalizations, 
and deaths, as demonstrated in our article.

This study had several limitations. First, it is plausible 
that some ED patients may have gone to a different hos-
pital after discharge from the UCI ED rather than returning 
to our institution. Given the constraints of using the EMR, 
we were only able to assess hospitalizations and subse-
quent ED visits at UCI. Second, there were 2 confounding 
variables identified when analyzing the demographic 

differences between the control and treatment group 
among those who met EUA criteria. The median age 
among those in the treatment group was greater than 
those in the control group (P = .03), and the proportion of 
individuals with CKD/ESRD was also greater in those in 
the treatment group (P = .02). It is well known that older 
patients and those with renal disease have higher inci-
dences of morbidity and mortality. Achieving statistically 
significant differences overall between control and treat-
ment groups despite greater numbers of older individuals 
and patients with renal disease in the treatment group 
supports our strategy and the usage of mAb.19,20 

Finally, as of April 16, 2020, the FDA revoked EUA for 
bamlanivimab when administered alone. However, alter-
native mAb therapies remain available under the EUA, 
including REGEN-COV (casirivimab and imdevimab), 
sotrovimab, and the combination therapy of bamlanivimab 
and etesevimab.21 This decision was made in light of the 
increased frequency of resistant variants of SARS-CoV-2 
with bamlanivimab treatment alone.21 Our study was 
conducted prior to this announcement. However, as 
treatment with other mAbs is still permissible, we believe 
our findings can translate to treatment with mAbs in gen-
eral. In fact, combination therapy with bamlanivimab and 
etesevimab has been found to be more effective than 
monotherapy alone, suggesting that our results may be 
even more robust with combination mAb therapy.11
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Figure 2. COVID-19–related repeat ED visits, hospitalizations, and deaths. 
ED, emergency department; mAb, monoclonal antibody.
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Overall, while additional studies are needed with 
larger sample sizes and combination mAb treatment to 
fully elucidate the impact of administering mAb treat-
ment in the ED, our results suggest that targeting ED 
patients for mAb treatment may be an effective strategy 
to prevent the composite end point of repeat ED visits, 
hospitalizations, or deaths.

Conclusion 
Targeting ED patients for mAb treatment may be an 
effective strategy to prevent progression to severe 
COVID-19 illness and substantially reduce the composite 
end point of repeat ED visits, hospitalizations, and deaths, 
especially for individuals of underserved populations who 
may not have access to ambulatory care. 
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