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Abstract

Anti-spike monoclonal antibodies have proven invaluable in preventing severe outcomes from
COVID-19, including hospitalization and death. The rise of the SARS-CoV-2 delta variant begs the
question of whether monoclonal antibodies maintain similar efficacy now as they had when the alpha
and beta variants predominated, when they were first assessed and approved. We used a retrospective
cohort to compare rates of severe outcomes in an epoch in which alpha and beta were predominant
compared with delta. A total of 5356 patients were infused during the alpha/beta variantepredominant
(n¼4874) and delta variantepredominant (n¼482) era. Overall, odds of severe infection were 3.0% of
patients in the alpha/beta-predominant era compared with 4.9% in the delta-predominant cohort. The
unadjusted odds ratio (OR) was higher for severe disease in the delta era (OR, 1.67; 95% CI, 0.96 to
2.89), particularly when adjusted for Charlson Comorbidity Index (adjusted OR, 2.04; 95% CI, 1.30 to
3.08). The higher odds of severe infection could be due to a more virulent delta variant, although the
possibility of decreased anti-spike monoclonal antibody effectiveness in the clinical setting cannot be
excluded. Research into the most effective strategies for using and improving anti-spike monoclonals
for the treatment of emerging variants is warranted.
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A nti-spike monoclonal antibodies
against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)

have provided some of the first highly effec-
tive treatments for outpatients with mild
to moderate coronavirus disease 2019
(COVID-19). These therapies have convinc-
ingly demonstrated reductions in progression
to severe disease and hospitalization,1-3

and more recent data suggest mortality
reduction.4,5

Mayo Clinic and the Mayo Clinic Health
System established infusion centers for anti-
spike monoclonal antibody therapy in Ari-
zona, Florida, Minnesota, and Wisconsin.
As of October 28, 2021, the program has
infused more than 14,000 patients since
Mayo Clin Proc. n February 2022;97(2):327-332 n https://doi.org/1
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the first product, bamlanivimab, was made
available in November19, 2020, under
Food and Drug Administration (FDA) emer-
gency use authorization (EUA).6 In the anal-
ysis of initial real-world experience,
bamlanivimab monotherapy was associated
with 40% to 60% reductions in hospitaliza-
tion along with significant reductions in
the rates of intensive care unit admissions
and mortality.7 Treatments have evolved
over time because of the evolution of
SARS-CoV-2 variants. Currently, our centers
are infusing casirivimab/imdevimab to out-
patients with mild to moderate COVID-19
who meet the FDA EUA eligibility criteria.
In another analysis, there was a 70% reduc-
tion in hospitalization among high-risk
0.1016/j.mayocp.2021.12.002
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patients who received casirivimab/imdevi-
mab therapy compared with a propensity
scoreematched untreated control group.8

There was no significant difference in the
rates of hospitalization between patients
treated with bamlanivimab monotherapy
and those who received casirivimab/imdevi-
mab combination.7

The SARS-CoV-2 alpha (B.1.1.7) variant
emerged in the United States in November
2020 and became dominant in March 2021.
During that time, the beta (B.1.351) variant
contributed a smaller proportion of cases
by early spring. Since July 2021, the delta
(B.1.617.2) variant has rapidly become the
predominant lineage, associated with higher
rates of hospitalization and health care utili-
zation than prior strains.9 As the delta
variant demonstrates a greater ability to
evade neutralizing antibodies,10 this leads
to the question of whether the clinical bene-
fits of reduced hospitalization associated
with anti-spike monoclonal antibodies are
maintained. We compared the clinical out-
comes of monoclonal antibody infusion dur-
ing 2 time periodsdan earlier period when
alpha and beta were the predominant vari-
ants, and a later period when delta was
predominant.

PATIENTS AND METHODS
We conducted a retrospective cohort study
analyzing the outcomes of patients infused
with anti-spike monoclonal antibodies in 2
broad epochs stratified by geography for
times and spaces when the delta variant
was predominant vs when it was less com-
mon. The Mayo Clinic Institutional Review
Board determined the study to be exempt.
Eligible study participants both received an
anti-spike monoclonal antibody infusion for
COVID-19 at a Mayo Clinic site before July
31, 2021, and had not opted out of inclusion
of their medical records for research
purposes.

Patients were eligible to receive anti-
spike monoclonal antibody if they were diag-
nosed with mild to moderate COVID-19,
were within 10 days of symptom onset,
and met the FDA EUA criteria. These state
that patients should have characteristics
Mayo Clin Proc. n February 202
that put them at high risk for severe
COVID-19, including age older than
65 years; body mass index (BMI) above 35
kg/m2; diabetes, chronic kidney disease,
and immunosuppressive therapy or condi-
tion; and, among patients older than 55
years, hypertension, cardiovascular disease,
or chronic lung disease. A Monoclonal Anti-
body Screening Score (MASS) was developed
with these criteria to stratify patients on the
basis of their risk of hospitalization, as previ-
ously described.7 On May 14, 2021, the FDA
EUA criteria expanded to include all patients
with a BMI above 25 kg/m2; the removal of
age restriction for hypertension, cardiovas-
cular disease, and pulmonary diseases; and
the inclusion of liver disease, neurodevelop-
mental disorders, and dependence on medi-
cal devices, among other criteria.

This study employed an electronic health
recordebased registry tool to identify pa-
tients with COVID-19 and to determine
pertinent demographic characteristics (age,
sex, race, ethnicity) and comorbidities
defined by the Charlson Comorbidity Index
(CCI) and MASS. Electronic health record
data were used to abstract date and type of
monoclonal antibody infusions and the re-
gion in which the infusion was performed.
Registry data included the highest score on
the World Health Organization ordinal scale
for clinical improvement within 30 days of
infection.11 Outcomes were stratified as those
having a score of 4 or more, “severe” disease
(hospitalized, requiring oxygen therapy or
worse); and those with a score below 4,
“non-severe” 30-day outcome. Patients with
infection occurring before April 30, 2021, at
any site were identified as likely not having
the delta variant on the basis of circulating
trends at that time. Patients from any site
infected after July 1, 2021, were classified as
likely to be delta, given the predominant
circulating strains in that time and geogra-
phy. Infections from the months of May and
June were excluded as variant mix in that
time period would not be clearly attributable
to either alpha/beta or delta.

Analyses were performed using RStudio
version 1.4.1106 (PBC) and the packages
dplyr,12 epitools,13 sjplot,14 and ggplot2.15
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FIGURE 1. Trends in severe COVID-19 after anti-spike monoclonal anti-
body therapy over time and by geography. ARZ, Arizona; FLA, Florida;
mAb, monoclonal antibody; MCHS, Mayo Clinic Health System; RST,
Rochester.

MONOCLONAL ANTIBODIES FOR THE DELTA VARIANT
Standard descriptive statistics were used. In
addition, we conducted a sensitivity analysis
calculating adjusted odds to adjust risk of se-
vere outcome for comorbidities.

RESULTS
Between November 19, 2020, and July 30,
2021, Mayo Clinic infused a total of 5663 pa-
tients who met inclusion criteria with anti-
spike monoclonal antibodies. Regions
demonstrated different rates of severe out-
comes initially but had begun to converge
by April 2021 (Figure 1). Notably, Arizona
started infusions in December, later than
other sites and during a local peak in
admissions.

After exclusion of patients infused in
May and June, a total of 5356 patients were
infused during the alpha/beta
variantepredominant (n¼4874) and delta
variantepredominant (n¼482) era.
Although there were some demographic dif-
ferences at baseline between sites when
alpha and beta were predominant, these
were not significant in the delta era (Table;
Supplemental Table, available online at
http://www.mayoclinicproceedings.org). Pa-
tients during the delta
variantepredominant era had a lower
average BMI (because of changes in the
EUA criteria that reduced the BMI eligibility
from >35 kg/m2 to >25 kg/m2) and
possessed more comorbidity (as assessed by
higher CCI) but did not differ in terms of
age or sex characteristics. Fewer Whites
and more African Americans were infused
in the delta era, which was notable, given
the worse outcomes reported in African
Americans infected with COVID-19. Inter-
estingly, despite the higher CCI, the median
MASS was lower in the delta cohort (P<.01).
This may result from the expanded criteria
for eligibility in May 2021, allowing younger
and less comorbid patients to be infused.
COVID-19 vaccination was expectedly
higher in the delta than in the alpha/beta
era (46.9% vs 2.1%). The period between po-
lymerase chain reaction testing and antibody
infusion was similar in the delta-
predominant era compared with the
alpha/beta-predominant era. In the delta-
Mayo Clin Proc. n February 2022;97(2):327-332 n https://doi.org/1
www.mayoclinicproceedings.org
predominant era, casirivimab/imdevimab
was the only anti-spike monoclonal antibody
being infused.

Overall, 184 of 5356 patients (3.4%) pro-
gressed to severe infection after monoclonal
antibody infusion. The odds of severe infec-
tion were 3.0% of patients in the alpha/beta-
predominant era compared with 4.9% in the
delta-predominant cohort (Figure 2). The
unadjusted odds ratio (OR) was not signifi-
cantly higher for severe disease in the delta
era compared with the alpha/beta era (OR,
1.67; 95% CI, 0.96 to 2.89); however, this
became significant when adjusted for CCI
(adjusted OR, 2.04; 95% CI, 1.30 to 3.08).
Restricting the analysis to only those who
received casirivimab/imdevimab in both eras
did not change the directionality or signifi-
cance of results (unadjusted OR, 1.74 [95%
CI, 1.02 to 2.96]; adjusted OR, 2.09 [95%
CI, 1.19 to 3.66]; Supplemental Table).
The overall number of patients who required
admission to the intensive care unit was 22
0.1016/j.mayocp.2021.12.002 329
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TABLE. Clinical Characteristics of Patients With COVID-19 due to Alpha/Beta vs Delta Varianta,b

Alpha/beta predominant
(n¼4874)

Delta predominant
(n¼482) Total (N¼5356)

P
value

Body mass index (kg/m2) 32.28 (27.31-38.26) 28.72 (25.77-33.36) 31.93 (27.11-37.89) <.01
No. missing 543 64 607

Age (y) 62.92 (51.34-71.53) 58.91 (45.85-68.44) 62.57 (50.61-71.41) <.01
No. missing 120 16 136

Sex 2413 (49.5) 230 (47.7) 2643 (49.3) .45

Race <.01
American Indian/Pacific Islander 19 (0.4) 0 (0.0) 19 (0.4)
Asian 69 (1.4) 4 (0.8) 73 (1.4)
Black/African American 108 (2.2) 32 (6.6) 140 (2.6)
Unknown 134 (2.7) 23 (4.8) 157 (2.9)
White 4544 (93.2) 423 (87.8) 4967 (92.7)

Ethnicity .84
Hispanic/Latino 251 (5.1) 27 (5.6) 278 (5.2)
Not Hispanic or Latino 4540 (93.1) 448 (92.9) 4988 (93.1)
Unknown 83 (1.7) 7 (1.5) 90 (1.7)

CCI total 77.48 (21.36-90.15) 90.15 (53.39-95.87) 77.48 (21.36-90.15) <.01

MASS total points 3.00 (2.00-5.00) 3.00 (0.00-5.00) 3.00 (2.00-5.00) <.01

Monoclonal antibody infused NA
Bamlanivimab 3392 (69.6) 0 (0.0) 3392 (63.3)
Bamlanivimab/etesevimab 460 (9.4) 0 (0.0) 460 (8.6)
Casirivimab/imdevimab 1022 (21.0) 482 (100.0) 1504 (28.1)

Monoclonal antibody infusion site NA
ARZ 639 (13.1) 67 (13.9) 706 (13.2)
FLA 670 (13.7) 268 (55.6) 938 (17.5)
MCHS 2399 (49.2) 98 (20.3) 2497 (46.6)
RST 1166 (23.9) 49 (10.2) 1215 (22.7)

Time to infusion 2.00 (2.00-3.00) 2.00 (1.00-3.00) 2.00 (2.00-3.00) <.01
No. missing 120 16 136

Severe COVID-19 outcome 160 (3.3) 24 (5.0) 184 (3.4) .05

Required intensive care unitelevel
intervention

19 (0.4) 3 (0.6) 22 (0.4) .45

Completed vaccination 102 (2.10) 226 (46.9) 328 (6.1) <.01
aARZ, Arizona; CCI, Charlson Comorbidity Index; COVID-19, coronavirus disease 2019; FLA, Florida; MASS, Monoclonal Antibody
Screening Score; MCHS, Mayo Clinic Health System; NA, not applicable; RST, Rochester.
bCategorical variables are presented as number (percentage). Continuous variables are presented as median (Q1-Q3).
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(0.4%), which was not significantly different
across the epochs.

DISCUSSION
We observed increased risk of severe disease
and poor outcomes after anti-spike antibody
infusion during the period when the delta
variant predominated compared with the
earlier strains. Whereas the absolute differ-
ence is slight, it remained significant after
adjustment for pertinent covariates. This
finding suggests that despite anti-spike
Mayo Clin Proc. n February 202
monoclonal antibody treatment, delta
variant infection remains more virulent
than alpha/beta variant infection. This obser-
vation is in line with data from other coun-
tries that suggest increased virulence of
delta variant infection compared with other
variants, noting an increased risk of hospital-
ization, intensive care unit stay, and death
with delta variant, primarily in unvaccinated
persons.16-18

The difference in outcomes is particu-
larly notable in the context of the more
2;97(2):327-332 n https://doi.org/10.1016/j.mayocp.2021.12.002
www.mayoclinicproceedings.org

https://doi.org/10.1016/j.mayocp.2021.12.002
http://www.mayoclinicproceedings.org


Alpha/beta predominant Delta predominant

0.0%

2.0%

4.0%

6.0%

Se
ve

re
 o

ut
co

m
es

Circulating strain

FIGURE 2. Rates of severe COVID-19 after anti-spike monoclonal antibody
therapy during the likely alpha/beta vs delta epochs.

MONOCLONAL ANTIBODIES FOR THE DELTA VARIANT
liberal nature of the revised EUA, which
allowed infusion of patients with fewer
comorbidities than in the previous version.
Despite a lower MASS, there was a signifi-
cant increase in the CCI in the delta cohort.
This is surprising, although the conditions
accounted for in the MASS are limited to
those in the original EUA eligibility, whereas
the CCI provided a more global assessment
and considered other comorbidities not in
the MASS. The MASS elements were also
developed and validated in the prevaccine
era, and some elements overlapped with
earlier vaccine eligibility, a potential
confounder. Nonetheless, more cases with
severe outcomes were observed despite this
lower MASS and similar time to infusion in
the delta-predominant era.

Our study has several limitations. First,
we used epochs and geography to correlate
with circulating strains as opposed to linking
delta variant cases to specific outcomes.
Whereas the omission of May and June
data meant the predominant circulating
strains in the periods assessed were consid-
erably more homogeneous, this may not
fully account for regional variation. Second,
we did not account for the impact of specific
anti-spike monoclonal antibody used. The
shifts in practice toward the use of casirivi-
mab/imdevimab meant we necessarily
compared with bamlanivimab/etesevimab
and bamlanivimab in prior eras. In our sub-
set analysis, however, restricting the analysis
only to those who received casirivimab/
imdevimab in both periods did not change
the overall results. Moreover, our previous
work that compared bamlanivimab vs casiri-
vimab/imdevimab outcomes during the
alpha/beta-predominant era did not show
any significant difference in efficacy.7 Third,
the FDA EUA criteria for eligibility for anti-
spike monoclonal antibody were expanded
between the 2 eras, but the outcome should
favor the delta period because the criteria
were expanded to allow infusion of patients
with lower comorbidity scores (as indicated
by the MASS). Despite this, we observed
higher comorbidity scoring by the CCI in
the delta period. Finally, the comparisons
of different epochs and locations reflect
Mayo Clin Proc. n February 2022;97(2):327-332 n https://doi.org/1
www.mayoclinicproceedings.org
different practices with regard to hospital
admission policies as well as vaccination
rates, which may have reduced the need for
hospitalization in the delta cohort. However,
the proportion of vaccinated persons was
expectedly higher during the delta period.
As the directionality was reversed (ie, more
patients in the later period required hospital
admission and were thus classified as severe
disease), these factors, including vaccination
status, did not appear to have decreased se-
vere outcomes in our study population.
Accordingly, casirivimab/imdevimab treat-
ment of breakthrough COVID-19 should be
recommended even among vaccinated
persons.

CONCLUSION
Severe COVID-19 outcomes are more com-
mon after anti-spike monoclonal antibody
infusions in the cohort of patients more
likely to have been infected with the delta
variant than with the alpha/beta variant.
This difference may be due to the overall
greater virulence of the delta variant.
Whereas experimental studies indicate that
casirivimab/imdevimab demonstrates persis-
tent activity against delta, the possibility of
decreased anti-spike monoclonal antibody
effectiveness in the clinical setting cannot
0.1016/j.mayocp.2021.12.002 331
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be totally excluded. Controlled clinical trials
are needed to further delineate this. Further
research should also explore the con-
founders to determine the most effective
way to use anti-spike monoclonal antibodies
in the delta variantepredominant era.
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