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Abstract

Context: Vaccination status has been shown to be linked to
patient-centered outcomes in those with COVID-19. How-
ever, minimal data have explored the relationship between
vaccination status and representation rates after receiving
monoclonal antibodies (MABs) the Delta strain of severe
acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) in a
community setting.
Objectives: The authors sought to determine if there was a
difference in patient-centered outcomes between those
who were vaccinated and unvaccinated after the admin-
istration of casirivimab/imdevimab for mild-to-moderate
COVID-19 during the time when the Delta strain was most
prevalent.
Methods: A convenience sample of consecutive adults
given casirivimab/imdevimab at either an outpatient

infusion center or within the emergency department
(ED) were included in analysis. Patient demographics,
authorized-use qualifiers from the emergency use authori-
zation (EUA), baseline vital signs at the time of infusion,
representation rates to a healthcare provider within the
hospital’s network, and any admissions to the hospital
following infusion were all collected from the patient’s
electronicmedical record. Vaccination statuswas confirmed
in both the patient’s electronic medical record and the Ari-
zona State Immunization Information System (ASIIS).
Analysis was conducted utilizing descriptive statistics, the
Mann–Whitney U test for continuous data, and the chi-
squared analysis for nominal data.
Results: In total, 743 patients were included in the study,
with 585 being unvaccinated and 158 being vaccinated at
the time of administration. Those in the vaccinated group
were more likely to be older (60.0 vs. 55.0 years; p<0.001)
and to have a history of diabetes (18.4% vs. 11.3%; p=0.02),
hypertension (39.9% vs. 28.5%; p=0.006), immunosup-
pression (7.0% vs. 1.4%; p<0.001), and chronic kidney
disease (7.0% vs. 3.4%; p=0.05). In the entire sample, 105
(14.1%) patients had an unexpected return visit to either
the ED or urgent care at 28 days, with 17 (2.3%) requiring
hospitalization. Patients who were vaccinated were more
likely to represent for care after casirivimab/imdevimab
infusion (20.3% vs. 12.5%; p=0.01), but no difference was
noted in hospitalization rates between the two groups
(18.8% vs. 15.1%; p=0.15).
Conclusions: MAB therapy with casirivimab/imdevimab
for the outpatient treatment of mild-to-moderate COVID-19
was associatedwith a low rate of hospitalization. However,
those who were vaccinated were more likely to present for
unexpected return care at either the ED or urgent care
within 28 days of the initial infusion.
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First identified in May 2021, the Delta (B.1.617.2) variant of
the severe acute respiratory syndrome-coronavirus 2
(SARS-CoV-2) virus quickly swept the globe and became
the predominant strain seen in the majority of locations
within months of its discovery [1]. The Delta variant was
found to be 60% more transmissible than the Alpha strain
and has a basic reproduction rate of between 5 and 8 [1].
Not only was the transmissibility higher than other strains
encountered but also healthcare providers from around the
globe saw increased numbers of hospitalizations and
deaths in the unvaccinated populations [2, 3].

COVID-19 vaccination is highly recommended as the
primary strategy to slow the spread of disease and even-
tually curtail the current pandemic [1]. Data from Iceland,
which has vaccinated nearly all eligible patients, showed
that there was decreased rates of hospitalization and
mortality in those with breakthrough infections due to the
Delta variant of SARS-CoV-2 [1]. However, a significant
number of patients within the United States remain
unvaccinated for a variety of reasons [4].

Since receiving emergency use authorization (EUA), the
usage of monoclonal antibodies (MABs) has become the
mainstay of treatment for those outpatients at risk of pro-
gression to severe COVID-19. Several studies have shown a
decrease in the rate of healthcare utilization, hospitaliza-
tion, and mortality in those who receive the therapy as
compared to those who do not [5, 6]. Casirivimab/imdevi-
mab is a MAB cocktail that consists of two noncompeting
neutralizing antibodies that noncompetitively binds to the
receptor binding domain of the SARS-CoV-2 spike protein
and prevents it from attaching to human angiotensin-
converting enzyme-2 (ACE2) receptors [7]. Data from in vitro
studies has shown that casirivimab/imdevimabhas retained
activity against the Delta strain, but little real-world data are
available on its usage during the Delta surge, especially
between those with varying vaccination statuses [8]. Due to
the lack of evidence, the authors sought to determine the
rate of healthcare utilization and admission following the
administration of casirivimab/imdevimab for mild-to-
moderate COVID-19 between those who were vaccinated
and unvaccinated for COVID-19.

Methods

Setting

Kingman Regional Medical Center (KRMC) is a 235-bed community
hospital located in northern Arizona with an annual emergency
department (ED) volume of approximately 50,000 patient visits per

year. During the study period, a total of 3794 SARS-CoV-2 tests were
positive. The prevalence of the Delta strain was estimated through
genomic sequencing to be the most prevalent strain from June 2021
through at least December 2021, with the Omicron variant becoming
the most prevalent in January 2022 [8].

Protocol

Following Kingman Healthcare Incorporated institutional review
board (IRB) approval (KHI-0227), a convenience sample of consecutive
adults aged 18 and abovewho received casirivimab/imdevimab for the
outpatient treatment of mild-to-moderate COVID-19 from June 23, 2021
to December 31, 2021 were included in analysis. Healthcare staff
screened patients on a daily basis who had positive results from a
direct SARS-CoV-2 viral test for thosewhomet one of the criteria for the
administration of casirivimab/imdevimab specified by the EUA. A
physician then spoke with each patient to discuss the risks and ben-
efits of casirivimab/imdevimab infusion. Following patient agree-
ment, casirivimab/imdevimab was administered by nursing staff at
either an outpatient infusion center or the ED. Each patient received a
combination dose of 1,200 mg of casirivimab and 1,200 mg of imde-
vimab as a single intravenous infusion within 10 days of symptom
onset. Patients were monitored for 1 h following infusion to assess for
any adverse infusion reactions.

All clinical data reported was abstracted from patient charts
housed in the MEDITECH Expanse Platform (Medical Information
Technology Inc, Westwood, MA), and vaccination data were
abstracted from the Arizona State Immunization Information System
(ASIIS) web application by trained research staff. The ASIIS an im-
munization registry designed to capture immunization data on
individuals within the state. Clinical data collected from the MEDI-
TECH Expanse Platform included: patient demographics, authorized
use qualifiers from the EUA, baseline vital signs at the time of infusion,
representation rates to a healthcare provider within the hospital’s
network, and any admissions to the hospital following infusion. Data
collected from ASIIS included vaccination status prior to infusion.
Patientswere considered fully vaccinated at the time of infusion if they
had completed either two doses of a Pfizer or Moderna vaccine or a
single dose of the Johnson & Johnson vaccine.

All data were abstracted by trained research staff who were
blinded to the study’s objectives. Research staff was trained on proper
data abstraction prior to the collection of data by the study team. This
was completed by a member of the study team abstracting data with
each research assistant. With adherence to a quality-controlled pro-
tocol and structured abstraction tool, research assistants manually
collected all data points. Patients with incomplete data were removed
from the final analysis.

Statistical analysis

Data were analyzed utilizing Statistical Product and Service Solutions
(SPSS), v. 27 (IBM Corp., Armonk, NY). Continuous variables were
presented as descriptive statistics and analyzed with the Mann–
Whitney U Test. Differences between the frequency of cases were
analyzed utilizing chi-squared analysis. Statistical significance was
defined as p≤0.05.
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Results

Overall, 743 patients were abstracted for inclusion in the
study. Of the patients included in the final analysis, pa-
tients had a median age of 57.0 (43.0–66.0) years, and 416
(56.0%) were female (Table 1). Those in the vaccinated
group were older (60.0 vs. 55.0 years; p<0.001) and more
likely to have chronic kidney disease (7.0%, n=22 vs. 3.4%,
n=20; p=0.05), a history of immunosuppression (7.0%, n=11
vs. 1.4%, n=8; p<0.001), hypertension (39.9%, n=63 vs.
28.5%, n=167; p=0.006) and diabetes (18.4%, n=29 vs.
11.3%, n=66; p=0.02) as compared to their unvaccinated
counterparts. Pulse rate was noted to be lower in those who
were vaccinated as compared to those unvaccinated at the

time of medication administration (77 vs. 80 beats per

minute; p=0.01). No other differences in intake vital signs at

the time of medication administration was observed be-

tween those who were vaccinated and unvaccinated

(Table 2).
Following administration of casirivimab/imdevimab,

105 (14.1%) patients represented to either the ED or urgent
care following infusion (Table 3). Vaccinated patients were

more likely to represent after infusion as compared to those
who were unvaccinated (32 vs. 73 patients; p=0.01). No
difference was noted for the length of time since casir-
ivimab/imdevimab administration and representation for
further care between the two groups (3 vs. 3 days; p=0.92).
Of thosewho represented for further care after casirivimab/
imdevimab administration, 17 patients were admitted to
the hospital with no difference between those who vacci-
nated and unvaccinated (6 vs. 11 patients; p=0.15). No
difference was noted in the length of hospitalization
between vaccinated and unvaccinated patients after
receiving casirivimab/imdevimab (2 vs. 5 days; p=0.22).

Discussion

Overall, the rate of hospitalization due to severe COVID-19
after receiving casirivimab/imdevimab at a community
hospital during the Delta variant surge was low. This
finding was similar to previous literature describing
hospitalization rates when other variants were predomi-
nant in the community [10–14]. Unlike several other MABs
utilized previously, casirivimab/imdevimab is a dual MAB

Table : Patient demographics.

Total (n=) Not vaccinated (n=) Vaccinated (n=) Significance

Age . (.–.) . (.–.) . (.–.) <.
Age over   (.%)  (.%)  (.%) .
Sex .
Female  (.%)  (.%)  (.%)
Male  (.%)  (.%)  (.%)

Diabetes mellitus  (.%)  (.%)  (.%) .
Chronic kidney disease  (.%)  (.%)  (.%) .
Immunosuppression  (.%)  (.%)  (.%) <.
Hypertension  (.%)  (.%)  (.%) .
Congestive heart failure  (.%)  (.%)  (.%) .
Chronic lung disease  (.%)  (.%)  (.%) .
Smoker  (.%)  (.%)  (.%) .

Table : Intake vital signs of those given casirivimab/imdevimab.

Total (n=) Not vaccinated (n=) Vaccinated (n=) Significance

BMI (n=) . (.–.) . (.–.) . (.–.) .
Respiratory rate . (.–.) . (.–.) . (.–.) .
Pulse . (.–.) . (.–.) . (.–.) .
Systolic pressure . (.–.) . (.–.) . (.–.) .
Diastolic pressure . (.–.) . (.–.) . (.–.) .
Oxygen saturation . (.–.) . (.–.) . (.–.) .
Temperature . (.–.) . (.–.) . (.–.) .
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cocktail that targets nonoverlapping epitopes on the spike
protein [7]. Due to this, casirivimab/imdevimab was found
to be able to maintain its treatment effect between circu-
lating variants seen within the different surges [15]. The
current results further correlate with experimental data
that showed that casirivimab/imdevimab retained efficacy
against SARS-CoV-2 B.1.617.2 and was a viable treatment
option for those at risk of disease progression [9].

Once becoming illwithCOVID-19, theunvaccinatedhave
been shown to have worse outcomes than those who were
fully vaccinated against COVID-19 [16]. In the current study,
the majority of those seeking MAB therapy for the treatment
of COVID-19 were unvaccinated. This data is similar to prior
studies fromother locationswithin theUnited States inwhich
those who were unvaccinated were more likely to receive
monoclonal therapy as compared to those who were vacci-
nated [11, 12]. This data not only further emphasizes the need
for vaccination as a primary means to reduce transmission
and minimize the burden of disease on healthcare facilities
but also shows thewillingness of thosewhoare unvaccinated
to receive treatment with MABs.

Although data have shown that those who are fully
vaccinated are less likely to require ED care or hospitali-
zation for breakthrough COVID-19 infection, the data from
the current study showed that those who were fully
vaccinated were more likely to represent unexpectedly to
the ED for further care following casirivimab/imdevimab
infusion as compared to those whowere unvaccinated [17].
Although it is difficult to ascertain the exact mechanism
behind these findings, it is postulated that it could be
related to the differences seen between the groups in the
study. Those who were vaccinated were more likely to be
older and have underlying comorbidities such as immu-
nosuppression, chronic kidney disease, hypertension, and
diabetes mellitus. Previous data have shown that those
with breakthrough COVID-19 were more likely to be at
advanced age and have multiple comorbidities [11]. Data
have also shown that the viral load in these individuals can
be as high as those who are unvaccinated [18, 19]. The
possibility of a high viral load coupled with multiple

underlying health issues may have exacerbated symptoms
and caused a large number of vaccinated individuals to
seek further care.

Another reason for the difference in representation
found between those who were vaccinated and unvacci-
nated could be related to the behavioral differences,
willingness to accept medical advice, and levels of med-
ical mistrust between the two groups [20]. Medical
mistrust has been defined as “distrust of healthcare pro-
viders, the healthcare system, medical treatments, and
the government as a steward of public health” and has
been conceptualized as a form of coping during a time of
threat or uncertainty [21, 22]. 0Although those who were
unvaccinated showed a willingness to accept treatment
both in the current and previous studies, it could be
postulated that patients with MAB treatment failure may
have decided to not follow up with the institution that
provided the treatment and sought care elsewhere.

Although those who were vaccinated were more likely
to represent for unexpected care, no difference in hospi-
talization rates or length of stay was noted between those
who were vaccinated and unvaccinated 28 days post-
casirivimab/post-imdevimab infusion. This suggests that
in the community setting, post-infection monoclonal
therapies may prove effective for patients independent of
their previous health decisions regarding COVID-19. Based
upon these data, the authors suggest continued adminis-
tration of monoclonal therapies to patients meeting EUA
qualifiers irrespective of their previous vaccination status,
and that vaccination status should not be utilized as a rule
out for monoclonal therapy. Active surveillance of the
variants of interest/concern is also needed to monitor the
efficacy of each monoclonal therapy over time in order to
minimize representations and hospitalizations of those
receiving therapy.

From an osteopathic standpoint, this article highlights
the need to assess and treat the whole person regardless of
prior healthcare choices. Many individuals have shown
vaccine hesitancy due to either mistrust of healthcare
professionals, short-/long-term safety of the vaccine,

Table : Patient outcomes following casirivimab/imdevimab infusion.

Total (n=) Not vaccinated (n=) Vaccinated (n=) Significance

Representation within  days  (.%)  (.%)  (.%) .
Hospitalization after infusion  (.%)  (.%)  (.%) .
Time to representation . (.–.) . (.–.) . (.–.) .
Duration hospitalized following infusion . (.–.) . (.–.) . (.–.) .
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religious reasons, and sociopolitical views. Given the fact
thatmany individualswho sought carewere unvaccinated,
healthcare providers should not judge individuals based
upon a subset of life choices and instead treat individuals
with compassion and empathy based upon established
guidelines and evidence-based medicine.

Limitations

The data collected were from a single institution in north-
ern Arizona, and results may not be applicable to all
communities across the nation. Given the availability of
MABs during different times of the study, patients may
have presented for treatment outside of the typical catch-
ment area for KRMC. Only medical records for representa-
tion and admission were tracked within the KRMC
electronic medical records. If a patient from outside of the
usual catchment area were to receive treatment and pre-
sent to an outside facility for follow-up care, it could not be
tracked by the study team andmay have altered the results.
A large number of patients were removed from final anal-
ysis due to incomplete documentation of past medical
history within the electronic medical record.

Conclusions

Although the rate of representation and hospitalization
was low after receiving casirivimab/imdevimab for the
outpatient treatment of mild-to-moderate COVID-19, those
whowere vaccinatedweremore likely to represent to either
an ED or urgent care for unexpected care following medi-
cation administration. This is most likely due to the un-
derlying risk factors associated with those choosing to
receive a vaccine and not necessarily due to a treatment
effect of the medication being administered.
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