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Abstract: Strategies to combat COVID-19 include vaccines and Monoclonal Antibody Therapy. While
vaccines aim to prevent development of symptoms, Monoclonal Antibody Therapy aims to prevent
the progression of mild to severe disease. An increasing number of COVID-19 infections in vaccinated
patients raised the question of whether vaccinated and unvaccinated COVID-19 positive patients
respond differently to Monoclonal Antibody Therapy. The answer can help prioritize patients if
resources are scarce. We performed a retrospective study to evaluate and compare the outcomes
and risks for disease progression between vaccinated and unvaccinated COVID-19 patients treated
with Monoclonal Antibody Therapy by measuring the number of Emergency Department visits
and hospitalizations within 14 days as well as the progression to severe disease, defined through
the Intensive Care Unit admissions within 14 days, and death within 28 days from the Monoclonal
Antibody infusion. From 3898 included patients, 2009 (51.5%) were unvaccinated at the time of
Monoclonal Antibody infusion. Unvaccinated patients had more Emergency Department visits
(217 vs. 79, p < 0.0001), hospitalizations (116 vs. 38, p < 0.0001), and progression to severe disease
(25 vs. 19, p = 0.016) following treatment with Monoclonal Antibody Therapy. After adjustment for
demographics and comorbidities, unvaccinated patients were 2.45 times more likely to seek help
in the Emergency Department and 2.70 times more likely to be hospitalized. Our data suggest the
added benefit between the COVID-19 vaccine and Monoclonal Antibody Therapy.

Keywords: COVID-19; monoclonal antibody; vaccine

1. Introduction

COVID-19, a novel viral respiratory disease, quickly reached pandemic status fol-
lowing its identification [1]. As a result, the U.S. government declared a public health
emergency on 31 January 2020 [2]. In response, the Department of Health and Human
Services released an Emergency Use Authorization (EUA) declaration to warrant the use
of unapproved diagnostics and therapeutics in controlled settings [3]. Over the next six
months, antiviral medications received EUAs to treat severely ill hospitalized COVID-19
patients [4]. However, at that time, outpatient treatment options remained limited.

The acceleration of cases in the fall of 2020 placed further pressure on medical au-
thorities to identify efficacious treatments to reduce immense COVID-19 related morbid-
ity and mortality. In November 2020, the United States Food and Drug Agency (FDA)
granted EUAs for Monoclonal Antibodies (mAb), the first outpatient COVID-19 ther-
apy [5]. mAb imitate natural monoclonal IgG antibodies and bind non-competitively to
the SARS-CoV-2 spike protein receptor, blocking the ability of the virus to enter human
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cells [6]. Bamlanivimab was the first to receive EUA in November 2020 [5], followed
by casirivimab–imdevimab (November 2020) [6], bamlanivimab–etesevimab (February
2021) [7], and sotrovimab (May 2021) [8]. Under the EUA guidelines, mAb were authorized
to treat non-hospitalized patients with mild to moderate disease with risk factors for disease
progression within ten days of the symptom onset [5–8]. Patients with mild-to-moderate
COVID-19 who received any of the authorized mAb had a lower frequency of Emergency
Department (ED) visits, COVID-19 related hospitalizations, and all-cause mortality com-
pared to placebo [9–11]. In December 2020, FDA granted EUAs to three different COVID-19
vaccines [12–14]. Vaccines reduce the risk of acquiring COVID-19, particularly severe
disease, as well as COVID-19 related morbidity and mortality [15–17].

While vaccination and mAb are independently associated with reduced hospital-
ization and all-cause mortality in COVID-19 positive patients, and mAb therapy further
decreases the risk of disease progression in vaccinated patients [18–20], data comparing
clinical outcomes in vaccinated and unvaccinated patients treated with mAb is unclear.
Studies examining mAb treatment outcomes regarding vaccination status had conflicting
results [21,22]. There remains a need to ascertain a difference in response to the mAb
therapy between vaccinated and unvaccinated patients. These data may help prioritize
patients if resources are scarce.

The goal of this study is to evaluate and compare the outcomes and risk of progression
following mAb treatment between vaccinated and unvaccinated patients. We hypothesized
that compared with unvaccinated patients, vaccinated patients would have a lower fre-
quency of Emergency Department (ED) visits and hospitalizations within 14 days following
mAb infusion, as well as a lower frequency of progression from mild to severe disease
defined through the Intensive Care Unit (ICU) admissions within 14 days and deaths within
28 days from mAb treatment.

2. Materials and Methods
2.1. Setting and Cohort

This is a retrospective single-center study of 4128 COVID-19 positive patients treated
with mAb under EUA between 1 March 2021 and 30 November 2021, under the guidance
of the mAb Infusion Clinic at Spectrum Health.

Spectrum Health is a nonprofit quaternary-care health system based in Grand Rapids,
Michigan, offering care to patients through 14 hospitals and 150 ambulatory clinics. In
response to the mAb EUA in December 2020, Spectrum Health established a mAb Infusion
Clinic. The role of the mAb Infusion Clinic was to coordinate mAb treatments systemwide.
Any COVID-19 positive patient from our community could call the clinic to get evaluated
for treatment; they did not need a referral, rather just proof of a positive test. Patients
who tested for COVID-19 through our health system would receive positive test results
through the patient portal and a message to call the clinic if they were interested in re-
ceiving treatment. All patients contacting the mAb Infusion Clinic would get evaluated
for treatment. Eligible patients would receive mAb treatment in the mAb Infusion Clinic
or a mobile unit, based on their physical location. The mobile unit was deployed across
our region in response to changes in epidemiological data. Symptomatic patients who
presented to the ED but were not admitted to the hospital received mAb in the ED under
the mAb Infusion Clinic guidance. Per EUA requirements, all patient-related data were
collected and stored in the mAb Infusion Clinic database. We compiled data from the mAb
Infusion Clinic database and accessed patient Electronic Medical Records to ascertain the
mAb treatment outcomes.

All patients 18 years and older who had a confirmed COVID-19 infection and were
treated with mAb under EUA were eligible for this study. Included patients met EUA
eligibility criteria defined as follows: confirmed COVID-19 infection, mild-to-moderate
disease (no increase in oxygen requirement or need for a COVID-19 related hospitalization),
early stage of the disease (within ten days of the symptom onset), weight at least 40 kg,
and at risk for progression to severe disease, defined as a presence of at least one condition
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listed as a risk factor under EUA. Patients who received mAb for postexposure prophylaxis
with no confirmed COVID-19 infection, those treated while hospitalized, or those under
the age of 18 at the time of treatment were not eligible for this study. Additionally, patients
with incomplete immunization histories were excluded.

Of the 4128 patients meeting eligibility criteria, we excluded 230 patients due to
incomplete immunization history (Figure 1). All 3898 patients included in the analysis were
treated with a combination of Casirivimab and Imdevimab as a single intravenous infusion.
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Figure 1. Patient Flow Diagram. Overall, 4128 patients met the inclusion criteria. From this,
230 patients were excluded due to incomplete immunization data. From 3898 patients included in
the analysis, 1889 were vaccinated and 2009 were unvaccinated.

2.2. Vaccination Status

Patients who received at least two doses of the Pfizer or Moderna vaccines or at
least one dose of the Johnson and Johnson vaccine were considered vaccinated. All other
patients were defined as unvaccinated. Vaccine status was abstracted from the mAb
Infusion Clinic Database.

2.3. Outcomes

We identified three clinically relevant outcomes: at least one ED visit within 14 days of
mAb therapy, at least one hospital admission within 14 days of mAb infusion, and progres-
sion to severe disease, defined as an ICU admission within 14 days or death within 30 days
of mAb administration. We abstracted data regarding ED visits, hospital admissions, ICU
admissions, or reported death from patient Electronic Medical Records. We created binary
variables for each outcome as the presence or absence of at least one ED visit, at least one
hospital admission, and the presence or absence of progression to severe disease within the
specified timeframes.

2.4. Covariates

We collected the following variables from the mAb Infusion Clinic database: pa-
tient age, gender, race, insurance or payer, comorbidities covered by the EUA, time from
symptom onset to infusion, and comorbidities representing the risk factors for disease
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progression, as listed under EUA. We categorized the variables in the following way:
patient sex (male, female), age (continuous), race (non-Hispanic white, Black or African
American, Hispanic, Other, unknown/missing), insurance (Commercial, Medicaid, Medi-
care, Self-pay/Other/Unknown), infusion location (Infusion Clinic, Emergency Depart-
ment/Observation, Mobile Unit), time from first symptoms to the infusion (typical from
0 to 7 Days, late from 7 to 10 Days), comorbidities (the type and number of comorbidities).

2.5. Statistical Analysis

We described the cohort using means (standard deviation) and frequencies (percent-
age). We calculated the absolute risk of the three clinical outcomes by dividing the number
of patients with the outcome by the total number of patients eligible according to vaccina-
tion status. We used chi-square tests to assess the differences in the absolute risk of the three
outcomes according to vaccination status. We used generalized linear regression models
with a log link and a Poisson distribution with a robust variance estimator to estimate the
relative risk of ED visits and hospital admission for the unvaccinated compared to the
vaccinated patients treated with mAb according to the methods described by Zou [23]. We
did not model the progression to severe disease outcome because the total number of events
was very small. We specified one unadjusted model and one adjusted model for each of the
two outcomes. The primary exposure was vaccination status, and we adjusted for time to
infusion, insurance, infusion location, patient sex, patient age, patient race, and a count of
the number of FDA eligibility comorbidities (1, 2, 3, and 4 or more). Beta-estimates from
the models were exponentiated and reported as relative risk. We do not report covariate
effect sizes; they are likely to be biased because models were not specified to address
the relationships between covariates and the outcomes of interest [24]. Analyses were
completed using SAS 9.4 (SAS Institute, Cary, NC, USA), and plots were generated using
GGPlot2 [25] in R Studio version 022.2.2 (RStudio, PBC, Boston, MA, USA). We defined
statistical significance as a p-value of less than or equal to 0.05.

3. Results
3.1. Cohorts Description

Of the 3898 patients included in the analysis, the majority were female (56.6%) and
non-Hispanic Caucasians (90.4%). The mean age was 55.1 ± 16.4 years. Vaccination status
was split nearly evenly, where 1889 (48.4%) patients were vaccinated, and 2009 (51.5%)
were unvaccinated (Figure 1).

We noted several differences between vaccinated and unvaccinated patients. Vacci-
nated patients were older (mean age 58 ± 18.8 years vs. 52.4 ± 16.4 years), less racially
diverse (92% vs. 89% of Caucasians), more often on Medicare (34.7% vs. 22.8%) and less
frequently on Medicaid (4.1% vs. 11.1%) (Table 1).

The majority of both vaccinated and unvaccinated patients received mAb infusion
within seven days from the symptom onset. However, unvaccinated patients were more
likely to receive mAb after seven days from the symptom onset than vaccinated patients
(23.3% vs. 18.8%, respectively). Unvaccinated patients were also 3.5 times more likely to
receive mAb infusions in the ED (29.4% vs. 8.0%) (Table 1).

Vaccinated patients had a higher proportion of individual comorbidities with the
exclusion of pregnancy. Pregnancy was more frequent in unvaccinated patients (1.6% vs.
0.7%, respectively). Vaccinated patients who received mAb infusion were generally in
poorer health. Only 37.3% of vaccinated patients had zero to one comorbidity. In contrast,
the majority of unvaccinated patients (62.7%) had only one comorbidity. Vaccinated patients
also had a higher proportion of multiple comorbidities; in total, 64% of vaccinated patients
had four or more comorbidities, compared with 36% of unvaccinated patients (Table 2).
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Table 1. Patient Characteristics.

Total
n = 3898

Unvaccinated
n = 2009

Vaccinated
n = 1889

Sex, n (%)
Male 1692 (43.1) 862 (42.9) 830 (43.9)

Female 2206 (56.4) 1147 (57.0) 1059 (56.1)
Age, years ˆ 55.1 ± 16.4 52.4 ± 16.4 58.0 ± 18.8
Race, n (%)

Non-Hispanic Caucasian 3525 (90.4) 1783 (88.7) 1742 (92.2)
Black or African American 111 (2.9) 72 (3.6) 39 (2.1)

Hispanic 99 (2.5) 62 (3.1) 37 (2.0)
Other 74 (1.9) 40 (2) 34 (1.8)

Unknown/Missing 89 (2.3) 52 (2.6) 37 (2.0)
Insurance, n (%)

Commercial 2209 (56.7) 1147 (57.1) 1062 (56.2)
Medicaid 301 (7.7) 223 (11.1) 78 (4.1)
Medicare 1115 (28.6) 459 (22.8) 656 (34.7)

Self-pay/Other/Unknown 273 (7.0) 180 (9.0) 93 (4.9)
Infusion Location, n (%)

Infusion Clinic 2876 (73.4) 1264 (62.9) 1612 (85.3)
Emergency Department/Observation 741 (19.0) 590 (29.4) 151 (8.0)

Mobile Unit/In-home 281 (7.2) 155 (7.7) 126 (6.7)
Infusion Prior to First Symptoms *, n (%)

≤7 Days 3074 (78.9) 1540 (76.7) 1534 (81.2)
>7 Days 824 (21.1) 469 (23.3) 355 (18.8)

ˆ Mean ± Standard Deviation. * Patient Reported.

Table 2. Comorbidities, n (%).

Unvaccinated
n = 2009

Vaccinated
n = 1889

Elevated BMI * (>35 kg/m2) 1441 (71.7) 1446 (76.5)
Hypertension 527 (26.2) 775 (41.0)

Smoker 547 (27.2) 550 (29.1)
Lung Disease 336 (16.7) 402 (21.3

Cardiovascular Disease 243 (12.1) 380 (20.1)
Diabetes 222 (11.1) 324 (17.2)
Cancer 118 (5.9) 200 (13.8)

Immunosuppression 114 (7.2) 147 (7.8)
Chronic Kidney Disease 70 (3.5) 119 (6.3)
Neurological Condition 67 (3.3) 79 (4.2)

Pregnancy 33 (1.6) 13 (0.7)
Transplant 9 (0.4) 27 (1.4)

Other 34 (1.7) 45 (2.4)

Number of Comorbidities per Patient ˆ

One 940 (46.8) 560 (29.6)
Two 569 (28.3) 566 (30.0)

Three 298 (14.8) 404 (21.4)
Four or more 202 (10.1) 359 (19.0)

ˆ Patients may have multiple comorbidities. * BMI (Body Mass Index).

3.2. Outcomes

We assessed the associations of vaccination status to ED visit within 14 days from mAb
infusion hospital admission, within 14 days from mAb administration, and progression to
severe disease, defined as an ICU admission within 14 days or all-cause mortality within
30 days from mAb treatment. Within the 14 days of mAb infusion, 296 (7.6%) patients
visited ED at least once, and 154 (4.0%) patients were hospitalized. Twenty-five (0.6%)
patients progressed to severe disease. Of those, 18 (0.46%) patients were admitted to the
ICU. The overall mortality was twelve patients (0.3%).

All measured outcomes were significantly higher in the unvaccinated group with
the exclusion of the 30-day mortality. Unvaccinated patients had significantly more hos-
pitalizations (5.8% vs. 2%, p < 0.0001) and ED visits than vaccinated patients (10.8% vs.
4.2%, p < 0.0001) within 14 days of mAb infusion. Progression to severe disease was also
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significantly higher in unvaccinated patients (0.9% vs. 0.3%, p = 0.016). Unvaccinated
patients had significantly more ICU admissions (0.8% vs. 0.1%, p = 0.015). There were
eight deaths (0.4%) in the unvaccinated group and four (0.2%) among vaccinated patients
(p = 0.2543) (Table 3).

Table 3. Patient Outcomes, n (%).

Total
n = 3898

Unvaccinated
n = 2009

Vaccinated
n = 1889 p-Value

Hospital Admissions 154 (4.0) 116 (5.8) 38 (2.0) <0.0001
Emergency Department Visit 296 (7.6) 217 (10.8) 79 (4.2) <0.0001
Progression to Severe Disease 25 (0.6) 19 (0.9) 6 (0.3) 0.016

ICU Admission 18 (0.46) 16 (0.8) 2 (0.1) 0.015
30-Day Mortality 12 (0.3) 8 (0.4) 4 (0.2) 0.2543

Hospital admissions within 14 days of infusion. Emergency Department visit within 14 days of infusion. Progres-
sion to severe disease is defined as ICU (Intensive Care Unit) admission within 14 days or death within 30 days of
infusion. ICU admission within 14 days of Infusion. 30-Day Mortality following infusion.

Unadjusted and adjusted modified Poisson regression models found that vaccination
status was independently associated with both ED visits and hospital admissions within
14 days of mAb infusion. Unvaccinated patients had an almost three-fold higher risk of ED
visits (RR, 2.87; 95% CI, 2.00–4.12) and a 2.5-fold higher risk of hospital admissions (RR, 2.58;
95% CI, 2.01–3.32) within 14 days from mAb infusion compared to vaccinated patients in
unadjusted models. When we adjusted the models for insurance, infusion location, patient
sex, patient age, patient race, time to infusion, and a count of the number of FDA eligibility
comorbidities (0, 1, 2, 3, and 4 or more), we found the risk of ED visits for unvaccinated
patients was 2.5-fold (RR, 2.45; 95% CI, 1.88–3.20) higher compared to vaccinated, and
the risk of hospital admissions for unvaccinated patients was 2.7-fold (RR, 2.70; 95% CI,
1.88–3.99) greater (Figure 2; Appendix A Table A1).
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Figure 2. Unadjusted and adjusted relative risk estimates with 95% confidence intervals for emergency
department (ED) and hospital admission among vaccinated and unvaccinated patients treated with
monoclonal antibody therapy. The primary exposure was vaccination status. The adjusted models
included the following variables: time to infusion, insurance, infusion location, patient sex, age, race,
and a count of comorbidities (1, 2, 3, and 4 or more). Relative risk estimates were calculated by
exponentiating beta estimates from modified Poisson models with a robust standard error estimator.
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4. Discussion

Our findings suggest that following mAb therapy, compared with vaccinated, unvacci-
nated COVID-19 patients have a higher risk of progression to severe disease, demonstrated
by the significantly higher risks of ED visits and hospitalizations.

The vaccinated group was older, had a higher prevalence of all individual comorbidi-
ties except pregnancy, and had a higher number of comorbidities per patient, thus placing
them at a higher risk for progression to severe disease. Despite this, fewer vaccinated
patients utilized hospital resources and progressed to severe disease. Vaccine status was an
independent predictor of ED and hospital utilization. These data suggest that primary pre-
vention through vaccination is essential for reducing the risk of adverse clinical outcomes,
even with mAb treatment.

Several studies have addressed the potential relationship between vaccination status
and mAb efficacy but with discordant results. In a single-center study of 1222 patients,
Zitek et al. found that vaccination status significantly decreased the odds of hospitaliza-
tion within 28 days of mAb infusion but not the odds of ED presentation. This study
had an uneven distribution of vaccinated and unvaccinated patients (16.2% vs. 79.3%,
respectively), and did not evaluate risk factors distribution in the groups [20]. Bierle et al.
noted decreased frequency of hospitalization in both vaccinated and unvaccinated pa-
tients following mAb treatment compared with untreated controls. However, they did not
demonstrate a significant difference in response to mAb treatment between vaccinated
and unvaccinated patients, likely because of a small sample—from 112 treated patients,
55 were vaccinated [11]. In another smaller study of 250 patients, Guo et al. failed to
find a statistically significant difference in the frequency of hospitalization following mAb
infusion between vaccinated and unvaccinated patients (5% vs. 7%, respectively). This
study included a younger patient population with fewer comorbidities and had an un-
even distribution between vaccinated (n = 162) and unvaccinated (n = 8) patients [21].
Keshishian et al. performed a single-center study that included 743 patients, with the
majority (585) being unvaccinated. Seventeen patients were admitted to the hospital, with
no significant difference between the vaccinated and the unvaccinated. In contrast to our
study, vaccinated patients were more likely to present to the ED and urgent care within
28 days. However, Keshishian et al. examined urgent care presentation and had a longer
follow-up period [22]. Srinivasan et al. performed a multi-site retrospective review of
2209 patients treated outpatient with mAb in California over one year. Their results demon-
strated a protective effect of mAb in unvaccinated but not in vaccinated high-risk patients
when evaluating a compositive endpoint of 30-day incidence of ED visit, hospitalization,
or death. The use of a composite outcome may have led to the observed difference in the
outcomes between this and our study [26]. A large retrospective study by Douin et al.
examined charts of 7406 patients. It demonstrated an odds ratio of 2.76 for the development
of treatment failure, defined as hospitalization or death within 28 days of mAb therapy, for
unvaccinated patients compared to vaccinated patients, which aligns with our results [27].

Most patients treated in our clinic belong to the Greater Grand Rapids area, including
Kent, Ottawa, Montcalm, and Ionia counties, with 22.22% of the population being non-
Caucasians [28]. Even though the COVID-19 pandemic disproportionately impacted
communities of color in Michigan [29,30], only 9.8% of patients treated in our clinic were
non-Caucasians, suggesting possible racial and ethnic disparities. Race is a known risk
factor for severe COVID-19 disease [31,32]. The unvaccinated group contained a higher
proportion of people of color (8.7% vs. 5.9%). In addition, unvaccinated patients were
more likely to receive mAb therapy in the ED than in the infusion clinic. This suggests that
the unvaccinated patients may have been sicker at the time of infusion or lacked access to
healthcare resources needed to obtain mAb therapy in the infusion clinic. These scenarios
may also not be mutually exclusive. At the very least, the demographics suggest a need for
health equity promotion to reduce observed health inequalities.

Our study has several limitations. It represents a single-site experience. All patients
were treated with a single mAb agent. Due to the timeline, we anticipate delta as the
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primary variant. Whether our data can be generalized to the other mAb and SARS-
CoV-2 variants is yet to be determined. Additionally, we included all-cause ED visits,
hospital admissions, and mortality in the analysis, understanding that the reason for patient
presentation may not be related to COVID-19 disease progression. However, considering
the baseline health of the groups, we speculate that vaccinated patients would have a
higher frequency of non-COVID-19 related visits. This further supports our finding that
mAb provides better protection to vaccinated patients. Furthermore, our comorbidity
data were limited to conditions listed under EUA as risk factors for COVID-19 disease
progression. We may have inadvertently excluded specific conditions which predisposed
patients to the progression of COVID-19. Observational studies are always at risk for
unmeasured and residual confounding, and the baseline covariates included in this study
were not evenly distributed between the vaccinated and unvaccinated patients. There are
multiple methods for addressing baseline imbalance in known confounders, including
propensity score methods (PSM). However, it has been shown that covariate adjustment is
an acceptable method for adjustment, and often outperforms PSM with regard to precision
and bias [33,34]. Lastly, our counts for severe progression were too small to be assessed in
models and may limit the ability to accurately determine the likelihood of progression to
severe disease.

These limitations are counterbalanced by a large cohort with an even distribution
of vaccinated and unvaccinated patients and a detailed analysis that includes patients’
demographics, insurance, and comorbidities.

5. Conclusions

Vaccinated COVID-19-positive patients treated with mAb had a significantly lower
risk of subsequent ED visits and hospitalizations than unvaccinated patients treated with
mAb. Continued emphasis on global immunization, mAb administration to at-risk patients,
and equitable access to both are critical to reducing the burden of COVID-19 on hospital
systems. In addition, further prospective controlled studies are needed to confirm the
added benefit between COVID-19 vaccines and mAb infusion as COVID-19 evolves and
new variants of concern emerge.
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Appendix A

Table A1. Relative risk estimates from modified Poisson regression models that correspond to
Figure 2.

Outcome Unadjusted (95% CI) Adjusted (95% CI)

Emergency Department Visit 2.58 (2.01, 3.32) 2.45 (1.88, 3.20)
Hospital Admissions 2.87 (2.00, 4.12) 2.70 (1.83, 3.99)

CI: Confidence Interval
Unadjusted and adjusted relative risk estimates with 95% confidence intervals for emergency department visits
and hospital admission among vaccinated and unvaccinated patients treated with monoclonal antibody therapy.
The primary exposure was vaccination status. The adjusted models included the following variables: time to
infusion, insurance, infusion location, patient sex, age, race, and a count of comorbidities (1, 2, 3, and 4 or more).
Relative risk estimates were calculated by exponentiating beta estimates from modified Poisson models with a
robust standard error estimator.
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