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Summary 

In a real-life clinical setting, we found that the receipt of NmAb treatment significantly 

reduced hospital utilization among COVID-19 patients with mild to moderate disease, 

especially if NmAb treatment was received ≤ 4 days after symptom onset.  
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ABSTRACT  

Background: Neutralizing monoclonal antibody (NmAb) treatments have received 

emergency use authorization to treat patients with mild or moderate COVID-19 infection. To 

date, no real- world data about the efficacy of NmAb has been reported from clinical practice. 

We assessed the impact of NmAb treatment given in the outpatient clinical practice setting on 

hospital utilization.  

Methods: Electronic medical records were used to identify adult COVID-19 patients who 

received NmAbs [bamlanivimab (BAM) or casirivimab and imdevimab (REGN-COV2)] and 

historic COVID-19 controls. Post-index hospitalization rates were compared. 

Results: 707 confirmed COVID-19 patients received NmAb and 1709 historic COVID-19 

controls were included; 553 (78%) received BAM, 154 (22%) received REGN-COV2. 

Patients receiving NmAb infusion had significantly lower hospitalization rate (5.8% vs. 

11.4%, p<0.0001); a shorter length of stay if hospitalized (mean 5.2 days vs. 7.4 days, 

p=0.02), and fewer ED visits within 30 days post-index (8.1% vs 12.3%, p=0.003) than 

controls. Hospitalization-free survival was significantly longer in NmAb patients compared 

to controls (p<0.0001). There was a trend towards a lower hospitalization rate among patients 

who received NmAb within 2-4 days after symptom onset. In multivariate analysis, having 

received a NmAb transfusion was independently associated with a lower risk of 

hospitalization after adjustment for age, sex, race, BMI and referral source: adjusted hazard 

ratio (95% CI) = 0.54 (0.38 – 0.79), p=0.0012. Overall mortality was not different between 

the two groups. 

Conclusions and Relevance: NmAb treatment reduced hospital utilization especially when 

received within a few days of symptom onset. Further study is needed to validate these 

findings. 

Key Words: SARS-CoV-2, inpatient care, resource utilization, immunotherapy, 

multimorbidity.  
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Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; BMI, body 

mass index; CCI, Charlson’s comorbidity index; NmAb, neutralizing monoclonal antibody.  
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INTRODUCTION 

Since severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative virus of 

COVID-19, was first reported out of Wuhan, China in late December 2019, treatment for this 

potentially deadly infection has rapidly emerged. One of the most recent treatment options 

given an emergency use authorization (EUA) by the Federal Drug Administration (FDA) in 

the United States was the use of neutralizing monoclonal antibodies (NmAbs). These 

treatments were developed to prevent hospitalization and emergency room use for those with 

mild to moderate COVID-19 who met prespecified criteria based on age and medical history. 

Briefly, to receive NmAb-based treatment for COVID-19 under EUA, adult patients need to 

be ≥65 years, or ≥55 with a chronic cardiovascular or pulmonary disease, or to have a body 

mass index (BMI) ≥35 kg/m2, diabetes, chronic kidney disease, or a comorbidity associated 

with reduced immune function regardless of age [2,3]. Patients also must have a mild- to 

moderate COVID-19 infection not on supplemental oxygen, not hospitalized, and be fewer 

than 10 days since the first onset of symptoms. 

 

Monoclonal antibodies are laboratory-made proteins that mimic naturally occurring 

antibodies to target the immune system to treat a wide range of diseases from cancer and 

autoimmune disease to harmful pathogens. In the case of COVID-19, NmAbs are made to 

fight off SARS-CoV-2 spike protein which then blocks the virus’s ability to attach and enter 

human cells (Figure 1) [4-5]. Several randomized controlled trials are evaluating the efficacy 

of NmAbs treatment among non-hospitalized patients with mild to moderate symptoms who 

were within three days of a test confirming a positive COVID-19 diagnosis and at high risk 

for progressing to severe COVID-19 [6-7].
 
The Blocking Viral Attachment and Cell Entry 

with SARS-CoV-2 Neutralizing Antibodies (BLAZE-1) trial is evaluating the efficacy of 
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bamlanivimab (BAM). In addition, the REGN-COV2 study is now investigating an antibody 

cocktail containing two SARS-CoV-2–neutralizing antibodies, casirivimab and imdevimab. 

The interim analyses from both studies demonstrated that administration of NmAbs reduced 

viral load when administered within 8 days from symptom onset and that patients who 

received treatment also reported slightly lower symptom scores 2 to 6 days after diagnosis. 

Based on these interim results, the FDA in November 2020 granted EUAs as treatment for 

mild to moderate COVID-19 in those 12 years and older who weigh at least 40 kgs (88 

pounds) as well as meeting the prespecified criteria based on clinical data as described above 

[6-7]. 

 

To date, there is not enough data about the effect of early NmAb treatment on the risk of 

progression to severe COVID-19 in the form of hospital admission, emergency room use, and 

mortality outside of clinical trials. Therefore, the intent of this study was to assess the impact 

of neutralizing monoclonal antibody treatment for patients with an established diagnosis of 

COVID-19 on the outcomes of hospitalization, emergency room use, and mortality. 

 

METHODS 

Patient population 

Inova Health System (IHS) is an integrated healthcare system which includes 5 acute care 

hospitals and emergency rooms in addition to multiple urgent care centers, primary care 

offices and specialty care practices. In order to deliver extended outpatient care to patients 

with mild to moderate COVID-19, IHS opened COVID-19 care clinics based on a “day 

hospital” concept. The clinics were chosen in convenient locations either as a part of an 

existing emergency department or as an outpatient clinic. In December 2020, these clinics 

started infusions of NmAbs to COVID-19 patients with mild to moderate symptoms. In order 
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to be eligible for an infusion with NmAbs at Inova, an individual must have had confirmed 

COVID-19 infection by a PCR or antigen test and fulfill all the EUA criteria for treatment 

with either BAM or REGN-COV2 as described above. It is important to note that the 

majority of clinic visits were taking place via telehealth so patients could be electronically 

referred for the NmAb treatment to an IHS facility. Once the referral was received at IHS, a 

follow-up telehealth visit was conducted by a physician to make sure all criteria were met and 

then, if a patient was deemed qualified for the NmAb treatment, the patient was immediately 

sent for treatment at one of the infusion centers. 

 

For this study, data were collected from electronic medical records (EMRs) of adults (>18 

years) with a diagnosis of COVID-19 who received a NmAb infusion between December 9, 

2020 and February 4, 2021 in one of IHS COVID-19 clinics or emergency rooms. Both 

NmAb infusion regimens were given as described in their respective fact sheets as provided 

by the FDA [2-3]. Age-matched controls were randomly selected from historic COVID-19 

patients who had been seen between June 1, 2020 and November 30, 2020 in any IHS 

outpatient clinic or ED; both in-person clinic or ED visits and telehealth visits were included. 

The diagnosis of acute COVID-19 infection was established using ICD-10 code U07.1. 

 

Study definitions 

The index date was the first recorded episode of care within IHS with a COVID-19 ICD-10 

code for both NmAb patients and controls. In addition, 14 days of pre-infusion encounters at 

were extracted from EMRs in order to establish the source of referral for NmAb patients (ED 

vs. other). For controls, the source of care was the setting of their first episode of care with a 

COVID-19 ICD-10 code, similarly categorized as ED vs. other. 
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The primary outcome of the study was hospitalization with a COVID-19 diagnosis between 1 

and 30 days after the index date. Patients who were hospitalized on the day of their first 

encounter with a COVID-19 diagnosis and NmAb patients who were hospitalized for 

COVID-19 on or before the day of infusion were excluded from the study. Secondary 

outcomes included the length of inpatient stay for patients who were hospitalized, post-index 

ER/clinic visits (1-30 days), and post-index death (at any time). 

 

Race/ethnicity was classified into non-Hispanic white or Caucasian, non-Hispanic black or 

African-American, Hispanic, Asian, and other/biracial groups. Body mass index (BMI) was 

calculated using weight and height collected at any encounter with IHS during the study 

period (if multiple records then the one closest to the index date was chosen; multiple records 

for the same day were averaged). Because BMI was one of the eligibility criteria for NmAb 

infusion and the need to control for a potential difference in BMI between NmAb group and 

controls, patients without available BMI in their EMR were excluded. In addition, owing to a 

substantial difference in coding practices in inpatient and outpatient settings, Charlson 

comorbidity index (CCI) scores were calculated using ICD codes for patients who were and 

were never hospitalized separately. 

 

Statistical Analysis 

Patients’ parameters were summarized as N (%) or mean (±SD) in NmAb group and controls 

separately. Parameters were compared between groups using 2 or Kruskal-Wallis tests for 

categorical or continuous parameters, respectively. Time from the index date to 

hospitalization was summarized in the form of Kaplan-Meier curves which were compared 

between NmAb group and controls using a log-rank test. In addition, factors that could be 

independently associated with time to hospitalization (age, sex, race, BMI, ED referral, and 
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having received NmAb treatment) were assessed using a Cox proportional hazard model. 

 

SAS 9.4 (SAS Institute, Cary, NC) was used for all analyses. The study was approved by the 

Inova Health System’s Institutional Review Board.  

 

RESULTS 

The study included 707 COVID-19 patients who received a NmAb infusion and 1709 historic 

COVID-19 controls. Patients in NmAb group received BAM (n=553, or 78%) or REGN-

COV2 (n=154). Patients in NmAb group were slightly older than controls (mean age 60 vs. 

58 years, p=0.0044), were more commonly male, white, and obese (Table 1). Of NmAb 

recipients, 42% were eligible for an infusion based on their age (≥65 years), another 28% 

based on BMI ≥ 35 kg/m2, and 30% met other eligibility criteria (Table 1). The mean time 

from the onset of symptoms to infusion was 6 days (SD 3 days); 35% were referred to the 

infusion from an ED (Table 1). 

 

Of all included patients who received a NmAb infusion, 5.8% (n=41) were hospitalized for 

COVID-19 at least one day after the infusion but within 30 days after receiving the diagnosis 

(Table 1). The mean time to hospitalization was 5.3 days (SD 4.0 days) from the index date 

and 3.6 (SD 3.5) days from the date of infusion. The last hospitalization for COVID-19 

among NmAb patients happened 17 days after the diagnosis. The mean length of inpatient 

stay among those who were hospitalized for COVID-19 after receiving NmAbs was 5.2 days 

(SD 4.5 days) (Table 1).  

In comparison to controls, NmAb patients had a significantly lower crude hospitalization 

rate: 5.8% vs. 11.4% (p<0.0001). Among those who were hospitalized, NmAb patients had a 

shorter length of inpatient stay (mean 5.2 days vs. 7.4 days, p=0.019). Additionally, ED visits 
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within 30 days post-index were lower in those who received NmAb (8.1% vs 12.3%, 

p=0.003). There was no difference in CCI between NmAb and non-NmAb patients who were 

never hospitalized (p>0.10) while NmAb patients who were hospitalized had a higher 

baseline CCI score than hospitalized controls (mean (SD) = 4.6 (2.9) vs. 3.7 (2.9), p=0.039). 

The cumulative mortality rate for COVID-19 patients receiving NmAbs was not significantly 

different from that seen in controls (p>0.05) (Table 1). 

 

Hospitalization-free survival was found to be significantly longer in NmAb patients in 

comparison to controls (p<0.0001 by a log-rank test) (Figure 2). In addition, for a subgroup 

of NmAb patients who had the duration of symptoms or the date of symptom onset recorded 

in their EMRs (n=358), we found that there was a trend towards a lower risk of 

hospitalization among patients who received their infusion sooner, especially in those who 

received it within 2-4 days after the onset of symptoms (Figure 3). 

 

With the aim to identify a patient group which would likely benefit the most from NmAb 

treatment, we compared hospitalization rates between NmAb patients and controls in 

different BMI- and age-based subgroups (Table 2). As a result, we found that a trend towards 

lower hospitalization rate was observed across the spectrum of patient demographics with 

only a few exceptions (Table 2). In this context, it is interesting to note that the relative risk 

reduction was more pronounced in younger patients regardless of their BMI while the 

absolute risk reduction was greater in older patients; importantly, it is the latter that would 

translate into a smaller number needed to be treated (Table 2). At the same time, lean patients 

(BMI<25) who received NmAb did not seem to experience lower hospitalization regardless 

of age (Table 2). 
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In multivariate analysis, factors independently associated with a higher risk of hospitalization 

after COVID-19 diagnosis were older age, male sex, non-white race, and having visited an 

ER which is a potential indicator of greater disease severity (Table 3). After adjustment for 

these, receiving NmAb transfusion was still independently associated with a lower risk of 

hospitalization: adjusted hazard ratio (aHR) (95% CI) = 0.54 (0.38 – 0.79), p=0.0012 (Table 

3). Despite a bias in the value between hospitalized and non-hospitalized patients likely 

owing to varying coding practices, the association of having received NmAb with a lower 

risk of hospitalization remained significant after adjustment for CCI: aHR = 0.57 (0.38 – 

0.84), p=0.0045 (Table 3). Similar trends were also observed in patients who received a 

specific type of antibody (vs. controls): aHR = 0.57 (0.39 – 0.84), p=0.0049 for BAM, aHR = 

0.49 (0.20 - 1.21), p=0.12 for REGN-COV2.  

 

DISCUSSION 

In this study, we report the use of NmAb treatment for mild to moderate COVID-19 infection 

in real-life clinical practice settings. Our data show that patients who received treatment with 

either BAM or REGN-COV2 according to the EUA recommendations were less likely to be 

hospitalized for their COVID-19 infection with an adjusted hazard ratio of 0.54. The lower 

hospitalization rate in the NmAb group is especially noteworthy given that the NmAb group 

was studied during the peak of increased hospitalizations (December 2020-January 2021) [8]. 

We also noted a reduction in ER visits post infusion. Furthermore, for those who were 

hospitalized after their NmAb treatment, their inpatient stay was significantly shorter than 

that of the controls.  

This improvement in outcomes was observed for both existing NmAb regimens and also 

across the spectrum of age and BMI-based subgroups of COVID-19 patients with only a few 

exceptions such that the reduction in hospitalization in the lean group (BMI<25) was not 
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observed, regardless of age. In this context, it is important to note that NmAb recipients with 

normal BMI included in our study experienced a relatively high hospitalization rate (nearly 

10%, the highest of all BMI subgroups) which was likely driven by comorbidities that had 

made them eligible for NmAb treatment according to the current EUA guidelines. However, 

a potential benefit of the regimens for patients with a lean BMI and a low comorbidity burden 

cannot be appreciated from these data. In addition, there may be long-term benefits of the 

NmAb infusion such as reduction of post-COVID-19 chronic sequelae even among patients 

without a clear effect on their hospitalization risk although, given the design of our study, we 

were not able to show these potential benefits of NmAb infusions [9].  

 

Interestingly, we noticed that the magnitude of relative improvement in outcomes was 

generally higher in patients less than 65 years of age in comparison to older NmAb recipients. 

This is in contrast to the present belief that it is older patients who would benefit the most 

owing to decreased immune function with age. Nonetheless, those 65 years and older did 

experience an absolute risk reduction for hospitalization that was slightly greater than that 

seen in younger patients; in the context of resource utilization, the latter potentially translates 

into a smaller number needed to treat in order to prevent one hospitalization. Taken together 

then, we believe that clinical trials should continue investigating efficacy of NmAbs in all 

patient populations with a potential aim to expand eligibility criteria to all SARS-COV2-

infected patients regardless of their age or medical history. 

Our study outcomes were also in line with clinical trial data in that NmAb recipients 

experienced significantly lower hospitalization rates and emergency room visits compared to 

controls [6-7]. Among the NmAb patients who were subsequently hospitalized, their length 

of stay was also significantly shorter than the controls. In the context of improved outcomes, 

it is important to note that although it was not statistically powered in this study, our data 
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suggest that the highest benefit of NmAb treatment can be achieved if administered early in 

the course of the disease, preferably within 4 days after the onset of symptoms. As such, a 

highly effective patient management pipeline is urgently needed for all healthcare systems 

which provide care to COVID-19 patients, in order to warrant timely access to treatment 

since this may result in the immediate benefit of reduced resource utilization.  

 

Per internal records of COVID-19 care clinics, the rates of adverse events for NmAbs were 

similar to those reported from clinical trials. Overall, most patients tolerated the infusion 

well. The ordering provider was responsible for reporting any serious adverse events to the 

FDA Medwatch program per the EUAs; however, these reported events were not always 

readily available in patients’ EMRs. The serious events that were collected and reported 

included one hypersensitivity reaction that improved with medical management, one patient 

reported an exacerbation of myasthenia gravis symptoms shortly post-infusion, and one 

patient with stable multiple sclerosis experienced a flare within a week post-infusion. 

 

This evidence of effectiveness of NmAb treatment for COVID-19 in real-world clinical 

practice is important as the FDA on February 9, 2021 issued another EUA for a combination 

monoclonal antibody treatment (bamlanivimab and etesevimab) which was found to decrease 

the rate of hospitalization and mortality at 29 days of follow-up when compared to the 

placebo group [10]. With our findings and the continuance of these clinical trials, more data 

are now available for professional societies such as the Infection Diseases Society of America 

(IDSA) to update their guidelines on monoclonal antibody treatment which may be necessary 

when considering treatment access and payment options in the future [11]. 
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The main limitation is that it is a retrospective observational study design with limited EMR 

data which only allowed testing a narrow range of hypotheses. Another limitation is use of 

administrative data for medical history which may have not been systematically collected for 

non-hospitalized patients. Similarly, no systematic assessment of adverse events data was 

available from EMRs. Duration of symptoms was available for a subset of patients only, 

resulting in a limited sample size. No events and outcomes were included if they happened 

outside of our health system such that a patient who received NmAb treatment and 

hospitalized outside of an IHS facility would not have been captured in our study outcomes. 

Similarly, for patients referred for a NmAb infusion from outside IHS, the index date would 

be potentially later than if that same patient were initially seen by an IHS provider. At the 

same time, there is no reason to believe that clinical events outside IHS would be imbalanced 

between NmAb patients and controls. In addition, while potential outcome undercount cannot 

be ruled out, it is important to note that IHS service area covers a large region of Northern 

Virginia. Another limitation is the use of the first episode of care as an index date rather than 

the day of symptom or illness onset. Despite this, the control sample may still be biased 

towards potentially sicker patients because NmAb infusion required waiting for, on average, 

1.7 days without being hospitalized or put on supplemental oxygen. However, this limitation 

would be primarily applicable to the first few days post-index and would unlikely affect the 

overall trends and conclusions of the study especially since the CCI among the hospitalized 

group was significantly lower for the control group. Finally, our control group of patients was 

taken from a non-overlapping time period which could have introduced differences in 

evolving hospitalization practices. In this context, it is important to note that we excluded 

patients from the first few months of the pandemic when the changes in our practice were the 

most rapid. Rather, we used the period from June 2020 onwards when our practices had 
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largely stabilized as previously published [12]. 

 

In summary, our study provides real-world evidence that neutralizing monoclonal antibody 

treatment for mild to moderate COVID-19 infection, when applied using prespecified criteria, 

is effective in reducing hospitalizations and may also reduce hospital resource utilization. 

This effect was observed in most age- and BMI-based subgroups of patients. Additional 

studies are needed to confirm this in a more diverse and potentially expanded patient 

population. 

  



Acc
ep

ted
 M

an
us

cri
pt

 

16 
 

NOTES 

Author Contributions: 

John Paul Verderese MD: conceptualization, design, project administrator and oversight, data 

interpretation, writing – review & editing 

Maria Stepanova PhD: methodology, data curation, validation, formal analysis, writing – 

original draft, and writing – review & editing  

Brian Lam PA: data curation, writing – review & editing 

Andrei Racila: data curation and validation, data administration 

Andrej Kolacevski: data curation, validation, data administration  

David Allen D Pharm: project design, data review, manuscript review & editing 

Erin Hodson RN: mAb infusion clinic design, project coordinator, manuscript review & 

editing 

Bahareh Aslani-amoli MD: project oversight and administrator, manuscript review & editing  

Michael Homeyer MD: mAb infusion clinic design, project oversight and administrator, 

manuscript review & editing 

Sarah Stanmyre RN: mAb infusion clinic design, project coordinator, manuscript review & 

editing 

Helen Stevens RN: mAb infusion clinic design, project coordinator, manuscript review & 

editing 

Stephanie Garofalo: data curation and administration, manuscript review & editing 

Linda Henry PhD: writing – data interpretation, original manuscript draft, and writing review 

& editing 

Chapy Venkatesan MD: project design and oversight and administrator, manuscript review & 

editing 

Lynn H. Gerber MD: Conceptualization, supervision, manuscript review & editing 



Acc
ep

ted
 M

an
us

cri
pt

 

17 
 

Steve Motew MD: Conceptualization, supervision, manuscript review & editing 

J. Stephen Jones MD: Conceptualization, supervision, manuscript review & editing 

Zobair M. Younossi MD, MPH: study design, conceptualization, project administration and 

supervision, writing – original draft; writing – review & editing 

 

Acknowledgements 

We would like to acknowledge the hard work of Inova Medicine Service Research Teams for 

their support of this project. We are also grateful to Katie Zinicola, ANP and Sarah Zgainer, 

ANP in establishing and maintaining our NmAb clinics. Their time, devotion, and expert care 

to our patients has been indescribable and without which, the success of our clinics would not 

have been possible. This research was supported by Beatty Liver and Obesity Research fund 

and Medicine Service Line Research fund, Inova Health System Foundation. 

 

Disclosures: Authors have no conflict of interest related to this manuscript to disclose. 

 

Funding: Inova Health System Medicine Service Line and Beatty Research Fund. 

 

  



Acc
ep

ted
 M

an
us

cri
pt

 

18 
 

REFERENCES 

1. Food and Drug Administration. Coronavirus (COVID-19) up-date: FDA authorizes 

monoclonal antibodies for treatment of COVID-19. FDA news release, November 21, 2020 

(https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19 

-update-fda-authorizes-monoclonal-antibodies-treatment-covid-19). 

2. Fact Sheet for Health Care Providers Emergency Use Authorization (EUA) Of Casirivimab 

and Imdevimab 

3. Fact Sheet for Health Care Providers Emergency Use Authorization (EUA) Of 

Bamlanivimab 

4. Marovich M, Mascola JR, Cohen MS. Monoclonal antibodies for prevention and treatment 

of COVID-19. JAMA 2020;324:131-2. 

5. Taylor, P.C., Adams, A.C., Hufford, M.M. et al. Neutralizing monoclonal antibodies for 

treatment of COVID-19. Nat Rev Immunol (2021). https://doi.org/10.1038/s41577-021-

00542-x 

6. Weinreich DM, etal; Trial Investigators. REGN-COV2, a Neutralizing Antibody Cocktail, 

in Outpatients with Covid-19. N Engl J Med. 2020 Dec 17:NEJMoa2035002. doi: 

10.1056/NEJMoa2035002. Epub ahead of print. PMID: 33332778; PMCID: PMC7781102. 

7. Chen P, etal; BLAZE-1 Investigators. SARS-CoV-2 Neutralizing Antibody LY-CoV555 in 

Outpatients with Covid-19. N Engl J Med. 2020 Oct 28:NEJMoa2029849. doi: 

10.1056/NEJMoa2029849. Epub ahead of print. PMID: 33113295; PMCID: PMC7646625. 

8. Virginia Department of Health. Health Measures. Obtained from the world wide web at: 

https://www.vhha.com/communications/virginia-hospital-covid-19-data-dashboard/ last 

accessed March 3, 2021. 

9. CytoDyn Files Protocol with U.S. FDA for Phase 2 Clinical Trial for COVID-19 Patients 

with Long-Hauler Symptoms. Obtained from the world wide web at 

about:blank


Acc
ep

ted
 M

an
us

cri
pt

 

19 
 

https://www.cytodyn.com/newsroom/press-releases/detail/486/cytodyn-files-protocol-with-u-

s-fda-for-phase-2-clinical. Last accessed on 3 2/ 2021. 

10. Gottlieb RL, Nirula A, Chen P, Boscia J, Heller B, Morris J, et al. Effect of 

Bamlanivimab as Monotherapy or in Combination With Etesevimab on Viral Load in 

Patients With Mild to Moderate COVID-19: A Randomized Clinical Trial. JAMA. 2021 Feb 

16;325(7):632-644. doi: 10.1001/jama.2021.0202. PMID: 33475701; PMCID: PMC7821080. 

11. Infection Diseases Society of America. Practice Guidelines for COVID-19. Obtained 

from the world wide web at: https://www.idsociety.org/practice-guideline/covid-19-

guideline-treatment-and-management/#toc-8. Last accessed on 3/2/2021. 

12. Ashiq Mannan, Nick Sutingco, Svet Djurkovic, Mary Reyes, Mehul Desai, Soliyh 

Groves, et al. Service Line Care Delivery Model for COVID-19 Patient Centric Care. Am J 

Manag Care 2021, in press. 

 

  



Acc
ep

ted
 M

an
us

cri
pt

 

20 
 

Figure Legends 

Figure 1. Schematic depiction of the potential mechanism of mAb in COVID-19 infection 

(reprinted with permission from Taylor et al. Nat Rev Immunol, 2021 [5]).  

Figure 2. Hospitalizations for COVID-19 in patients who received a NmAb infusion and 

controls (censored at 30 days). 

Figure 3. Distribution of hospitalization rates based on the number of days between the first 

onset of symptoms and NmAb infusion (n=358). 
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Table 1. Comparison of COVID-19 patients who received NmAb infusion to controls. 

 

 

NmAb group Controls P 

N 707 1709 

 Bamlanivimab 553 (78.2%) 0 (0.0%) 

 Casirivimab and imdevimab (REGN-COV2) 154 (21.8%) 0 (0.0%) 

 Age, years 59.8 ± 15.9 58.1 ± 15.2 0.0044 

Male sex 31.7 ± 7.8 29.5 ± 6.2 <0.0001 

Non-Hispanic white or Caucasian 357 (50.6%) 762 (44.6%) 0.0067 

Non-Hispanic black or African-American 340 (56.2%) 644 (41.9%) <0.0001 

Hispanic 94 (15.5%) 263 (17.1%) 0.38 

Asian 111 (17.8%) 507 (32.4%) <0.0001 

Other race/ethnicity 57 (9.4%) 118 (7.7%) 0.18 

BMI, kg/m2 3 (0.5%) 6 (0.4%) 0.73 

Morbid obesity (BMI ≥ 40) 109 (15.4%) 99 (5.8%) <0.0001 

BMI ≥ 35 232 (32.8%) 306 (17.9%) <0.0001 

Age ≥ 65 and BMI ≥ 35 34 (4.8%) 76 (4.4%) 0.69 

Age < 65 and BMI ≥ 35 197 (27.9%) 230 (13.5%) <0.0001 

Age ≥ 65 and BMI < 35 264 (37.4%) 508 (29.7%) 0.0002 

Age < 65 and BMI < 35 210 (29.8%) 895 (52.4%) <0.0001 

Referred from Emergency Department (ED) * 244 (34.5%) 832 (48.7%) <0.0001 

Duration of symptoms before infusion, days (mean ± SD) -6.15 ± 2.76   

Charlson’s comorbidity index (CCI) and components:    

CCI in hospitalized patients 4.59 ± 2.91 3.70 ± 2.86 0.0391 

CCI in non-hospitalized patients 2.26 ± 1.77 2.35 ± 2.28 0.19 

Myocardial infarction 20 (2.8%) 66 (3.9%) 0.21 

Congestive heart failure 22 (3.1%) 95 (5.6%) 0.0108 

Peripheral vascular disease 8 (1.1%) 62 (3.6%) 0.0009 

Cerebrovascular disease 9 (1.3%) 58 (3.4%) 0.0039 

Dementia 14 (2.0%) 69 (4.0%) 0.0115 

Chronic pulmonary disease 96 (13.6%) 240 (14.0%) 0.76 

Connective tissue disease-rheumatic disease 11 (1.6%) 34 (2.0%) 0.47 

Peptic ulcer disease 0 (0.0%) 7 (0.4%) 0.09 

Mild liver disease 5 (0.7%) 61 (3.6%) 0.0001 

Diabetes without complications 132 (18.7%) 278 (16.3%) 0.15 

Diabetes with complications 27 (3.8%) 115 (6.7%) 0.0057 

Paraplegia and Hemiplegia 0 (0.0%) 6 (0.4%) 0.11 

Renal disease 40 (5.7%) 129 (7.5%) 0.10 
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Non-metastatic cancer 22 (3.1%) 53 (3.1%) 0.99 

Moderate or Severe Liver Disease 1 (0.1%) 3 (0.2%) 0.85 

Metastatic carcinoma 5 (0.7%) 18 (1.1%) 0.43 

AIDS 0 (0.0%) 1 (0.1%) 0.52 

Outcomes:    

Hospitalized with COVID-19 in 1-30 days post-index 41 (5.8%) 195 (11.4%) <0.0001 

Period from index to hospitalization, days (for hospitalized only) 5.29 ± 4.01 5.70 ± 4.95 0.83 

Length of inpatient stay, days (for hospitalized only) 5.24 ± 4.55 7.44 ± 8.10 0.0186 

Returned to ED in 1-30 days post-index 57 (8.1%) 210 (12.3%) 0.0026 

Died in follow-up 4 (0.6%) 24 (1.4%) 0.08 

 

* Visited ED with a diagnosis of COVID-19 before infusion for NmAb group; index visit to ED for controls. 
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Table 2. Comparison of hospitalization rates by subgroups. 

 

  NmAb group Controls P 

By BMI:    

< 25 kg/m2 13 (9.1%) 42 (10.1%) 0.72 

25-30 kg/m2 8 (3.8%) 69 (11.6%) 0.0011 

30-35 kg/m2 8 (6.5%) 47 (11.9%) 0.09 

35-40 kg/m2 5 (4.1%) 25 (12.1%) 0.0144 

≥ 40 kg/m2 7 (6.4%) 12 (12.1%) 0.15 

By age:    

< 65 years 13 (3.2%) 98 (8.7%) 0.0002 

≥ 65 years 28 (9.4%) 97 (16.6%) 0.0037 

By BMI and age:    

Age ≥65, BMI ≥35 6 (17.6%) 10 (13.2%) 0.54 

Age <65, BMI ≥35 6 (3.0%) 27 (11.7%) 0.0008 

Age ≥65, BMI <35 22 (8.3%) 87 (17.1%) 0.0009 

Age <65, BMI <35 7 (3.3%) 71 (7.9%) 0.0192 
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Table 3. Independent predictors of time to hospitalization for COVID-19 patients. 

 

predictor Adjusted hazard ratio P 

Model 1   

Receiving NmAb infusion 0.54 (0.38 - 0.79) 0.0012 

Age, per 5 years 1.18 (1.12 - 1.24) <.0001 

Male sex 1.53 (1.16 - 2.02) 0.0025 

White race 0.55 (0.41 - 0.76) 0.0002 

Referral from ED* 2.11 (1.57 - 2.82) <.0001 

BMI ≥ 35 kg/m2 1.10 (0.76 - 1.58) 0.62 

Model 2   

Receiving NmAb infusion 0.57 (0.38 - 0.84) 0.0045 

Age, per 5 years 1.04 (0.97 - 1.13) 0.26 

Male sex 1.45 (1.07 - 1.95) 0.0150 

White race 0.48 (0.34 - 0.68) <.0001 

Referral from ED* 2.11 (1.53 - 2.90) <.0001 

BMI ≥ 35 kg/m2 1.08 (0.74 - 1.58) 0.69 

Charlson’s comorbidity index, per 1 point 1.22 (1.10 - 1.36) 0.0003 

 

*Referral from ED means a patient visited ED with a diagnosis of COVID-19 before infusion for NmAb group, 

the index visit was to ED for controls. 
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Figure 1 
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Figure 2 
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Figure 3 

 


