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We aimed to provide in vitro data on the neutralization capacity of different

syndrome coronavirus 2 (SARS-CoV-2) delta and omicron variant, respectively, and
describe the in vivo RNA kinetics of coronavirus disease 2019 (COVID-19) patients
treated with the respective mAbs. Virus neutralization assays were performed to
assess the neutralizing effect of the mAb formulations casirivimab/imdevimab and
sotrovimab on the SARS-CoV-2 delta and omicron variant. Additionally, respiratory
tract SARS-CoV-2 RNA kinetics are provided for 25 COVID-19 patients infected
with either delta variant (n=18) or omicron variant (n=7) treated with the
respective mAb formulations during their hospital stay. In the virus neutralization
assay, sotrovimab exhibits neutralizing capacity at therapeutically achievable
concentrations against the SARS-CoV-2 delta and omicron variant. In contrast,

casivirimab/imdevimab had neutralizing capacity against the delta variant but failed
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1 | INTRODUCTION

The newly emerged severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) omicron variant (B.1.1.529) was first reported to the
WHO on November 24, 2021 and has since become the predominant
variant in many countries.® It is characterized by a high number of
mutations that may be associated with enhanced transmissibility and
a potentially milder clinical course compared to the previous SARS-
CoV-2 alpha (B.1.1.7) and delta variant (B.1.617).2 High rates of
reinfection by the omicron variant have been reported, and the
omicron variant has been shown to evade infection- or vaccine-
induced immunity. Furthermore, recent cell-culture-based studies
show that the omicron variant is resistant to neutralization of most
currently available therapeutic monoclonal antibodies (mAbs), includ-
ing casivirimab/imdivimab (US: REGEN-COV, EU: Ronapreve, Roche)
but remained susceptible to in vitro inhibition by sotrovimab
(Xevudy, GlaxoSmithKline).>* Previously published studies assessed
the neutralization capacity of mAb at concentrations below those
that can be theoretically achieved after recommended therapeutic
dosages and do not provide clinical data on treatment or outcome.>~>
To shed light on this aspect, we focused here on mAb concentrations
in the range of the maximum theoretically achievable therapeutic
concentration in a patient after mAb administration at recommended
doses. These high concentrations were tested in a virus neutralization
assay (VNT) against the delta and omicron variant.® Additionally, we
provide viral RNA kinetics of patients infected with either SARS-CoV-
2 delta or omicron variant treated with the respective mAb
formulations.

2 | METHODS

2.1 | Study and ethics

Clinical data were collected from coronavirus disease 2019
(COVID-19) patients hospitalized at either the University Medical
Center Hamburg-Eppendorf (UKE) (n=17) or the Klinik Favoriten,
Vienna, Austria (n = 8). Due to the retrospective nature of the study,
the need for informed consent was waived by the Ethics Committee

receiving sotrovimab.
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neutralization against the omicron variant except for a very high concentration
above the currently recommended therapeutic dosage. In patients with delta variant
infections treated with casivirimab/imdevimab, we observed a rapid decrease of
respiratory viral RNA at day 3 after mAb therapy. In contrast, no such prompt

decline was observed in patients with delta variant or omicron variant infections

casirivimab/imdevimab, COVID-19, delta variant, monoclonal antibodies, omicron variant,
SARS-CoV-2, sotromivab, virus neutralization assay

of the Medical Council of Hamburg (WF-052/20) and the Ethics
Committee of the City of Vienna.

2.2 | SARS-CoV-2 molecular diagnostics
Nasopharyngeal swabs in UTM (MANTACC) or Amies Medium
(E-swab) were collected regularly during the hospital stay. SARS-
CoV-2 RNA in specimens was detected and quantified as described
previously” using commercially available assays Xpert Xpress SARS-
CoV-2 (Cepheid), Cobas SARS-CoV-2 (Roche), or laboratory-
developed assays run on the Cobas6800 system (Roche), the
NeuMoDx system (Qiagen) or the Light Cycler 480 Il (Roche).8*!
SARS-CoV-2 variants were discriminated via in-house multiplex RT-
gPCR assays'? and commercially available typing assays (VirSNiP, TiB
Molbiol).

2.3 | SARS-CoV-2 serology

Serum samples were collected as part of the clinical routine.
Elecsys Anti-SARS-CoV-2-S (Roche) assay and Elecsys anti-SARS-
CoV-2 (Roche) assay were performed as recommended by the
manufacturer on the appropriate automated device (Cobas e411,

Roche Diagnostics).

2.4 | Virus naturalization assays

For the in vitro neutralization assays with the delta and the
omicron SARS-CoV-2 variants, mAb formulations were diluted to
reflect potential plasma levels in treated patients. The calculation
was performed based on current recommendations: For patients
older than 12years and weighing at least 40kg, the recom-
mended therapeutic dose is 600/600 mg for casirivimab/imdevi-
mab® and 500 mg for sotrovimab.’* Given an estimated blood
volume of about 51 in an average adult individual, maximum
plasma levels will be 120/120 pg/ml for casirivimab/imdevimab
and 100 pg/ml for sotrovimab. Based on this calculation, we
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selected a maximum mAb concentration exceeding 22x the
conceivable plasma levels in patients for our assay. Triplicates
of the mAb dilutions were mixed with an equal volume of SARS-
CoV-2 clinical isolates, equivalent to 60 times the Median Tissue
Culture Infectious Dose (TCID50) of the SARS-CoV-2 delta
variant isolate and 55 times the TCID50 of the omicron variant
isolate per sample, respectively. These concentrations represent
the lowest virus concentration at which a cytopathic effect (CPE)
is certain to occur after infection with the respective isolate and
allows for comparability of virus concentrations used. Briefly,
neutralization tests were performed as described previously.®
After incubation at 37°C for one hour, the serum/virus mixtures
were transferred to 96-well plates containing 5.0 x 10 cells/
plate of Vero cells (ATCC CRL-1008) seeded the previous day.
Following incubation for 96h at 37°C, supernatants were
discarded. The plates were fixed in 4% formaldehyde and stained
with crystal violet. The highest dilution protecting two of three

wells from CPE was taken as the neutralizing antibody titer.

2.5 | Statistical analysis

Analysis of viral RNA kinetics was done by comparing naso-
pharyngeal RNA concentration on the day of mAb treatment, day 3
(t1day), and day 7 (+1day) within the three different treatment
groups (Kruskall-Wallis test) and were performed using GraphPad
Prism software version 9.0.0 (GraphPad Software).

3 | RESULTS

3.1 | Patients and clinical data

All 25 COVID-19 patients were symptomatic for less than 7 days and
were at high risk for progressing to severe disease due to underlying
medical comorbidities. In addition, all patients were either shown to
be seronegative for anti-SARS-CoV-2 Spikeprotein antibodies at
baseline, were unvaccinated or were at high risk of poor antibody
responses following SARS-CoV-2 vaccination (e.g., due to immuno-
suppression or immunocompromise). Of those 25 patients, 72%
(n=18) had SARS-CoV-2 delta variant and 28% (n=7) were
confirmed for omicron variant infection. According to the SARS-
CoV-2 variant and mAb treatment, patients were assigned to the

following subgroups:

(i) delta variant infection, t/w (treatment with) casirivimab/imdevi-
mab (n = 10),
(i) delta variant infection, t/w sotrovimab (n = 8),

(iii) omicron variant infection, t/w sotrovimab (n = 7).

The patients showed rather similar baseline characteristics with
respect to age, sex, previous COVID-19 vaccinations, and immuno-

suppression (Table 1).

TABLE 1 Baseline patient characteristics for the patients with
delta or omicron variant infections treated with monoclonal
antibodies

Delta, t/w Omicron,
casirivimab/ Delta, t/w t/w
imdevimab sotrovimab  sotrovimab
n 10 8 7
Age, median (IQR) 63.5 (36;67) 71 (57;75) 42 (33;63.5)
Female, n (%) 6 (60) 4 (50) 3 (43)
Vaccination status
Unknown, n (%) 1 (10) 0 1 (14)
Unvaccinated, n (%) 5 (50) 6 (75) 1(14)
1 Dose, n (%) 3 (30) 1(13) 0
2 Doses, n (%) 1 (10) 1(13) 4 (57)
3 Doses, n (%) 0 0 1 (14)
Anti-SARS-CoV-2 Spike (S1 RBD)?
N/A 1 (10) 0 3(43)
<0.8AU/ml 7 (70) 8 (100) 2 (29)
>0.8AU/ml 2 (20) 0 2 (29)
Immunocompromise, 6 (60) 3 (38) 5(71)

n (%)°

Abbreviations: IQR, interquartile range; N/A, not available; RBD, receptor
binding domain; SARS-CoV-2, severe acute respiratory syndrome
coronavirus-2; t/w, treatment with.

3Anti-SARS-CoV-2 Spike (S1 RBD) titer of patients before administration
of the respective monoclonal antibody preparation (cut-off: 20.8 AU/ml).

PNumber of patients with underlying immunocompromising conditions or
immunosuppressive medication at the time of diagnosis of SARS-CoV-2
infection.

3.2 | Virus neutralzation assays

The antibody combination casivirimab/imdivimab had a neutralizing
effect on the SARS-CoV-2 delta variant at all concentrations analyzed
(range: 0.006/0.006-600/600 pg/ml). In contrast, for SARS-CoV-2
omicron variant, only a partial neutralization was observed for the two
highest concentrations of casivirimab/imdivimab analyzed (17% neu-
tralization at 240/240 pg/ml, 67% neutralization at 600/600 pg/ml)
(Figure 1A). Sotrovimab resulted in complete neutralization of the
SARS-CoV-2 delta variant at all concentrations analyzed (range;
0.01-200 pg/ml). Similarly, sotrovimab resulted in neutralization of
the omicron variant with effective neutralization observed at 0.1 pug/ml
sotrovimab in our assay (Figure 1B). Notably, the lowest sotrovimab
concentration used here (0.01 pg/ml) failed omicron variant neutrali-
zation. To investigate a possible effect of mutual enhancement or
inhibition of sotrovimab and casivirimab/imdivimab, we additionally
performed VNTs with combinations of the 2 mAB formulations.
Sotrovimab was added to a final concentration of 100 pug/ml 210 min
after initial incubation of the virus variants with imdivimab/casivirimab
at varying concentrations (range: 0.006/0.006-600/600 pg/ml)
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FIGURE 1 \Virus neutralization and clinical efficacy by monoclonal antibody formulations. The percentage of neutralization of the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) delta variant (A: red; B: yellow) or omicron variant (blue) by casivirimab/imdivimab
(A) or sotrovimab (B) or combined monoclonal antibody (mAB) formulations (C-E) at the indicated concentrations is illustrated. (C) Sotrovimab
was added to a final concentration of 100 pg/ml >10 min after initial incubation of the virus variants with casivirimab/imdevimab at the
indicated concentrations. (D) A fixed concentration of casirivimab/imdevimab (240/240 ug/ml) was added, sotrovimab was assessed at
indicated concentrations (E) Serial dilutions of both casivirimab/imdevimab and sotrovimab were combined. For each mAB concentration
tested, triplicate dilutions were incubated with the respective variant isolate in virus neutralization assay. Kinetics of nasopharyngeal SARS-
CoV-2 RNA loads of patients with delta variant infections treated with casirivimab/imdevimab (F) and sotrovimab (G), respectively and of
patients with omicron variant infections treated with sotrovimab (dark blue) or sequential treatment with casirivimab/imdevimab and

sotrovimab (light blue).
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resulted in complete neutralization for both SARS-CoV-2 variants
(Figure 1C). Similarly, the addition of a fixed concentration of
casirivimab/imdevimab (240/240 pg/ml) to sotrovimab in varying
concentrations (range: 0.01-200 pg/ml) led to complete neutralization
of both variants (Figure 1D). A combination of serial dilutions of both
casirivimab/imdevimab and sotrovimab at the same concentrations
used in individual assays again led to complete neutralization of the
delta variant. Notably, the omicron variant was effectively neutralized
at 0.1 ug/ml sotrovimab combined with 3/3 ug/ml casivirimab/
imdivimab. A partial neutralization (50%) was observed at 0.01 pg/ml
sotrovimab combined with 0.06/0.06 ug/ml casivirimab/imdivimab
(Figure 1E).

3.3 | Kinetics of RNA copies in patients receiving
mAB formulations

Baseline (day 0) SARS-CoV-2 RNA copies were comparable through-
out groups (median [IQR]; delta t/w casirivimab/imdevimab:
8.65x10° SARS-CoV-2 RNA copies/ml [4.45x 10 8.35x107],
delta t/w sotrovimab: 7.37x10° SARS-CoV-2 RNA copies/ml
[1.30 x 10%; 1.38 x 10%], omicron t/w sotrovimab: 7.5 x 10”7 SARS-
CoV-2 RNA copies/ml [1.2 x 107; 1.5 x 10%]; p = 0.40) (Figure 1F-H).

In the group delta t/w casirivimab/imdevimab a significant decline in
RNA levels was observed at Day 3 (median [IQR]; 3.2 x 10* SARS-CoV-2
RNA copies/ml [<level of detection (LOD); 7.1 x 10%]; p=0.004) and
RNA levels remained at low to undetectable levels at Day 7 (median
[IQR]; < LOD [<LOD; 2.0 x 10°] in that group (Figure 1F). In the group
delta t/w sotrovimab no significant decrease of viral RNA was observed
at Day 3 (median [IQR]; 1.7x10° SARS-CoV-2 RNA copies/ml
[6.27 x 10%; 2.07 x 107], p = 0.32) and RNA levels remained at detectable
levels at Day 7 (median [IQR]; 1.19 x 10* SARS-CoV-2 RNA copies/ml
[8.01 x 10%; 4.62 x 10%)) in that group (Figure 1G). Similarly, no decrease
in viral RNA levels was observed in omicron infected patients who
received sotrovimab on Day 3 (median [IQR] 8.46 x 10° SARS-CoV-2
RNA copies/ml [1.39 x 10%; 1.42 x 10%], p=0.16) and persistently high
RNA levels were detected in this group on Day 7 (median [IQR]
475x10° SARS-CoV-2 RNA [9.1x10% 3.1x107)

(Figure 1H). Among patients with omicron infections treated with

copies/ml

sotrovimab, three patients initially received casvirimab/imdevimab at the
time of diagnosis of SARS-CoV-2 infection followed by administration of
sotrovimab the next day as virus typing, and confirmation of omicron
infection was available. No difference in SARS-CoV-2 RNA kinetics was

observed for those patients (Figure 1H, light blue dots).

3.4 | Clinical outcome in patients receiving mAb
formulations

None of the patients in our study had disease progression to severe
COVID-19 with systemic inflammation, pulmonary infiltrates, and
respiratory compromise. However, some patients were in critical

clinical condition at the time of diagnosis of SARS-CoV-2 infection

due to underlying comorbidities, and five patients (one with delta
variant infection and treatment with casirivimab/imdevimab, one
with delta variant infection and treatment with sotrovimab, three
with omicron variant infection and treatment with sotrovimab) died
during the hospitalization. All other patients were discharged from
the hospital without developing symptomatic COVID-19.

4 | DISCUSSION

Therapeutical intervention in the early phase of SARS-CoV-2 infection
remains challenging. While both casivirimab/imdevimab and sotrovimab
did show high clinical potency in preventing severe disease in clinical

trials,*>1¢

these studies were performed at a time when the omicron
variant was not yet circulating. After first in vitro reports showed that
the mADb preparation casivirimab/imdevimab, which was previously used
with high clinical success, does not have potency against the newly
emerged omicron variant, sotrovimab is recommended for patients with
omicron infections qualifying for treatment with mAbs. We extended
previous in vitro studies®* by testing higher concentrations of both mAb
formulations. We could show that the omicron variant was only
neutralized by the highest concentrations of casivirimab/imdevimab
used, whereas sotrovimab had a neutralizing effect on the omicron
variant in vitro at concentrations far below the theoretically achieved
therapeutic concentrations. We further demonstrate that treatment
with sotrovimab in patients infected with either the delta or the omicron
variant did not lead to the same rapid viral clearance in the upper
respiratory tract that was observed in patients with delta variant
infections treated with casivirimab/imdevimab. Notably, no difference in
nasopharyngeal SARS-CoV-2 RNA kinetics was observed in three
patients with omicron variant infections who received sequential
administration of casivirimab/imdevimab and sotrovimab compared to
those receiving sotrovimab alone. Our retrospective study is subject to
important limitations. First, patient subgroups are relatively small and
heterologous with regard to comorbidities and vaccination status.
Second, clinical patient outcomes do not necessarily correlate with
nasopharyngeal viral RNA concentration. Our study solely shows the in
vivo effect on nasopharyngeal viral RNA concentration and is therefore
not able to draw reliable and generalizable conclusions on the impact of
the mAb preparations on clinical patient outcomes. Third, results of
nasopharyngeal viral RNA concentration were only available for the first
week after treatment for most patients so we are not able to provide
viral kinetics for a longer time period. Third, since we did not treat any
patients with omicron infections with casirivimab/imdevimab alone, we
are not able to assess the impact of this preparation on nasopharyngeal

RNA concentration or clinical outcomes in COVID-19 patients.

5 | CONCLUSION

In summary, we confirm that sotrovimab exhibits good neutralizing
capacity in vitro both against both the SARS-CoV-2 delta and the
omicron variant, while casivirimab/imdevimab has no significant
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efficacy against the omicron variant even at high dosages exceeding
plasma levels conceivable at the current recommendations for
therapy. In addition, our clinical data show that SARS-CoV-2 RNA
concentration in nasopharyngeal swabs declines more rapidly in
patients infected with delta variant receiving mAb treatment with
casivirimab/imdevimab compared to patients with delta or omicron
variant infections treated with sotrovimab. These data suggest that
the in vitro potency of sotrovimab may not be easily transferred to a
clinical effect in patients with SARS-CoV-2 infections and that further
studies are needed to evaluate the benefits of mAB therapy for

patients with omicron variant infections based on clinical outcomes.
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