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Objectives: In this early retrospective cohort study, a total of 26 patients with SARS-CoV-2 were treated
with bamlanivimab or casirivimab/imdevimab, and the reduction of the viral load associated with the
developed clinical symptoms was analyzed.

Methods: Patients in the intervention groups received bamlanivimab or casirivimab/imdevimab. Patients
without treatment served as control. Outcomes were assessed by clinical symptoms and change in log

Keywords: viral load from baseline based on the cycle threshold over a period of 18 days.
COVID-19 Results: Median log viral load decline was higher in both intervention groups after 3 and 6 days com-
Barplgr}ivimab pared to control. However, at later time points, the decline of the viral load was more distinct in the
lcriijlgvvilr?:t? control group. Mild symptoms of COVID-19 were observed in 6.3% of the intervention groups and in no
Antibody therapy patient of the control. No patients treated with bamlanivimab, 18.8% treated with casirivimab/imdevimab,
Viral load and 14.2% in the control group developed moderate symptoms. Severe symptoms were recorded only in
the control group (14.2%), including one related death.
Conclusion: Treatment with monoclonal SARS-CoV-2 antibodies seems to accelerate decline of virus loads,
especially in the first 6 days after administration, compared to control. This may be associated with a
reduced likeliness of a severe course of COVID-19.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction vere respiratory distress syndrome with life-threatening complica-

The first patient with COVID-19 caused by SARS-CoV-2 was of-
ficially registered in December 2019. Only 3 months after that, the
World Health Organization declared COVID-19 as a pandemic [1].

Usually, after infection, most people have no or only mild
symptoms such as cough, fever, malaise, myalgias, gastrointesti-
nal symptoms, or ageusia. A typical symptom seems to be anos-
mia, which was described in patients all over the world in early
stages after infection [2,3]. However, some individuals develop se-
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tions. Usually, the severe sickness occurs after 1-2 weeks after the
onset of first symptoms and can rapidly progress to acute pneu-
monia with hypoxemia and the need for oxygen supplementation
[4-7]. Interestingly, in recent studies, it was reported that hospi-
talized patients show high viral loads, suggesting that high virus
titers are associated with the development of hypoxemia and, thus,
a severe progression after infection [8]. Other important factors in
developing a severe progression are various risk factors such as
male sex, age, cardiovascular diseases, lung disease, hypertension,
diabetes mellitus, or obesity [9,10].

There are several treatments available in later stages after in-
fection, but especially the administration of steroids and other
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immunomodulators is recommended as primary treatment by
many professional societies and the World Health Organization
[11]. Potential therapeutics during the early disease stage are an-
tivirals like remdesivir and molnupiravir as inhibitors of the viral
RNA-dependent RNA polymerase or nirmatrelvir as 3CL protease
inhibitor [12-15].

Another promising therapy for the treatment of early COVID-19
is therapy with neutralizing antibodies. In several studies, it could
be demonstrated that the use of monoclonal antibodies may re-
duce the viral load and thus prevent severe progression and hos-
pitalization [16]. There are several studies that analyzed the ef-
fect of either a monotherapy with the monoclonal antibodies i.e.
bamlanivimab, regdanmivab, or sotrovimab, or a combination of
different monoclonal antibodies such as bamlanivimab/etesevimab
or casirivimab/imdevimab [16-19]. Because the emergency autho-
rization for the bamlanivimab monotherapy was revoked in April
2021 due to a lower effect against so-called escape variants of
the coronavirus [20], combination therapies were later approved to
treat COVID-19 in early stages after infection [21]. In the present
early cohort study, monotherapy with bamlanivimab was com-
pared to a combination treatment with casirivimab/imdevimab.
The monotherapy with bamlanivimab was administered from Jan-
uary to the beginning of February 2021, when the rate of infec-
tion with the more resistant variant B.1.1.7 (Alpha-variant) was at
a maximum of 5,6% only in Germany [22]. Combination therapy
with casirivimab/imdevimab was used from February to May 2021
when B.1.1.7 (Alpha-variant) became dominant in Germany.

Material and methods
Study design

In this study, a total of 33 patients were included that tested
positive for SARS-CoV-2 during their hospitalization for other rea-
sons and presented no symptoms. Of the 33 patients, 10 patients
were treated with the monotherapy bamlanivimab and 16 were
treated with casirivimab/imdevimab, and seven patients were in-
cluded in the control group. Furthermore, only patients were in-
cluded that have had at least one possible risk factor for the de-
velopment of a severe progression, such as age above 65, diabetes
mellitus, cardiovascular diseases, lung disease, hypertension, obe-
sity, or a malignant tumor, and that were serum antibody-negative
at baseline. As control group patients were included, they would
have fit the mentioned criteria, but rejected a treatment with neu-
tralizing antibodies. In Figure 1 a flow chart of the study design is
shown.
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In the intervention group, patients received a single-dose
administration of either bamlanivimab (700 mg) or casiriv-
imab/imdevimab (1200 mg/1200 mg). The neutralizing antibodies
were administered as a single intravenous infusion over 1 hour.

Patients in the control group did not receive any treatment
as long as they were asymptomatic. As soon as they developed
symptoms, a symptomatic treatment was performed, such as oxy-
gen therapy and treatment with dexamethasone following the Ger-
man S3 guidelines of the AWMF (Arbeitsgemeinschaft der Wis-
senschaftlichen Medizinischen Fachgesellschaften) [23].

The preplanned analysis was conducted from January to May
2021, when the last patient who was included in the study fin-
ished the antibody treatment. The therapy with bamlanivimab was
administered during January and February 2021, when the num-
ber of the more resistant Alpha-variant (B.1.1.7) was at a very
low level (5,6 % of all infections) in Germany [22]. The combi-
nation therapy with casirivimab/imdevimab started after February
and was administered until May 2021, when variant B.1.1.7 became
successively dominant in Germany. In total, 10 patients received
the bamlanivimab therapy and 16 patients a therapy with casiriv-
imab/imdevimab, respectively.

Outcomes

The primary outcome was the change in SARS-CoV-2 log
viral load from baseline [45- cycle threshold [cycle threshold
(CT)]/Log(2)10] based on the CT values of a quantitative poly-
merase chain reaction (qPCR) over an investigation period of 18
days. The baseline was defined as first positive PCR test before
the antibody therapy was administered. During the investigation
time, additional data regarding severe progression and the devel-
opment of symptoms were collected. The viral loads were analyzed
by collecting nasopharyngeal swabs, followed by qPCR assay of
Roche (Basel, Switzerland) and GFE (Frankfurt am Main, Germany)
at the laboratory of the DRK-Blutspendedienst-Blutspendezentrum
in Frankfurt/Main. In contrast to the qPCR assay of Roche, in which
the PCR analyses started directly with the first CT, the qPCR Assay
of GFE was performed with five pre-cycles. To compare the results
of the different methods, the CT values of GFE were normalized to
the values of Roche before statistical analyses.

Secondary outcomes were symptoms observed during the hos-
pitalization time. In total, four main symptoms, such as fever, dys-
pnea, cough, or myalgias, were defined to determine COVID-19
progress. Patients with one symptom were classified as “mild,”
with two symptoms as “moderate,” and more than three symp-
toms as “severe.” During the whole investigation time, one death
was observed of a patient who suffered from severe symptoms.

33 Patients were assessed for

eligibility

26 Patients were assigned for the treatment with
monoclonal antibodies

7 Patients rejected the therapy and were assigned for
the control group

]

10 Patients were assigned for the treatment with
Bamlanivimab
1 Patient died before day 12 due to unrelated
complications
1 Patient was discharged at day 12
3 Patients were discharged negativ at day 15
1 Patient was discharged positiv at day 15

16 Patients were assigned for the treatment
with Casirivimab/Imdevimab
1 Patient was discharged negative at day 9
2 Patients were discharged negativ at day 12
4 Patients complete the day 18 treatment
period

7 Patient were assigned for the control group
1 Patient died at day 2
1 Patient was negative at day 9
2 Patients were discharged positive before day 9
1 Patient was discharged positive before at day 12
2 Patients complete the day 18 treatment period

4 Patients complete the day 18 treatment period

analysis of the primary outcome

’ 33 Patients were included in the ‘

Figure 1. Flow chart of the study design.
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Statistical analyses of the viral loads

The SARS-CoV-2 viral load data were evaluated using the
change in log viral load from baseline based on the CT values and
the standard deviations in the intervention groups (bamlanivimab
or casirivimab/imdevimab) and the control group (no treatment
with monoclonal antibodies). The treatment effects were compared
using a two-sided Student’s t-test of independent variables with an
o level of 0.05.

In general, only CT values of hospitalized patients were in-
cluded. Depending on the symptoms or severity of the infection,
patients with no or only mild symptoms were partly discharged
before day 18 to home isolation. These patients were excluded
from the statistical analyses. Because of one related death and four
earlier discharged patients in the control group, the number of
measurements declined over time, and only two patients could be
included in the statistical analyses on days 15 and 18. In the bam-
lanivimab group, one patient died due to unrelated complications
of the primary disease.

Results

The administration of bamlanivimab was performed during Jan-
uary and February 2021. In total, 10 patients received mono-
clonal antibody therapy with bamlanivimab. The median age of
the patients was 81 years, and all of them were older than 65
years. Among the 10 patients, 60% were female, and 40% were
male (Table 1). The treatment with the antibody cocktail casiriv-
imab/imdevimab was performed from February to May 2021, and
16 patients received the treatment. The median age of the patients
was 67 years, 56.3 % were over 65 years, 56,3 % were female, and
43.7 % were male. The two intervention groups were compared
to a control group that did not receive any treatment with mon-
oclonal antibodies with a total of seven patients, median age of 70
years and 57.1% over 65 years, 42.1% were female, and 57.1% were
male (Table 1).

All 33 patients had at least one medical comorbidity as a risk
factor for the development of severe COVID-19 progression. The
most common medical comorbidity was hypertension (66.7%), fol-
lowed by a malignoma (30.3%) and diabetes mellitus (21.2%). Fur-
thermore, increased body mass index (BMI) (over 30) could be ob-
served in 15% and over 35 in 9% of all patients.

Table 1
Patient demographics and baseline clinical characteristics.

Bamlanivimab

Casirivimab/Imdevimab
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Primary outcome

The decrease in log viral load from baseline to day 3 in the
bamlanivimab was statistically significant with -1.5 (95% confi-
dence interval [CI], 0.60 to 4.22), P-value = 0.01 compared to the
control group. A value of -0.2 (95% CI, -0.94 to 3.16), P-value = 0.27
in the combination therapy group casirivimab/imdevimab and 0.9
in the control group, could be observed. After all other investi-
gation times, no significant differences in change log viral load
from baseline could be observed. Nevertheless, after 6 days, the
change in log viral load from baseline in the bamlanivimab group
was -2.6 (95% CI, -0.76 to 4.62), P-value = 0.15, -1.6 (95% CI, -
1.54 to 3.40), P-value = 0.44 in the casirivimab/imdevimab group
compared to the control with -0.7. After 9 days, both interven-
tion groups showed lower differences with -2.4 (95% CI, -4.85 to
0.23) P-value = 0.07 for bamlanivimab and a statistically signifi-
cant difference of - 1.4 (95% CI, -6.05 to 0.40) P-value = 0.02 for
the combination therapy compared to the control group with -
4.3. Similar results were observed after later investigation times.
For day 12, the intervention groups showed changes in log viral
load with -3.2 (95% CI, -3.76 to 0.94) P-value = 0.21 and -3.4 (95%
Cl, -3.85 to 1.30) P-value = 0.31 for bamlanivimab and casiriv-
imab/imdevimab, respectively. The control group showed a more
distinct change with -4.4. After 15 days, the bamlanivimab group
showed a change in viral load of -3.8 (95% CI, -3.58 to 0.13) P-
value = 0.06, the combination therapy with - 2.5 (95% CI, -7.03
to 0.99) P-value = 0.12, compared to the control group with -5.6.
On day 18, the bamlanivimab group showed a value change of -3.6
(95% CI, -9.89 to 3.42) P-value = 0.31, -2.6 (95% CI, -8.35 to 2.25)
P-value = 0.19 for the casirivimab/imdevimab group compared to
the control group with -5.6 (Figure 2).

With respect to the viral load based on the mean CT (Figures 3b
and 4b), it can be observed that after the administration of both
antibody therapies, there is a distinct decrease in the mean CT val-
ues, especially at early time points (day 3 and day 6) compared
to the control group. Interestingly, in the control group, there is
an increase in the mean CT value after 3 days and, thus, a higher
viral load compared to the intervention groups. Nevertheless, af-
ter later investigation times, a stagnation of the decreasing effect
on the viral loads can be observed in both intervention groups,
whereas a continuous decrease is seen in the control group, result-
ing in lower viral loads from day 9. With exception to the mean

No Treatment

700 mg single dose

Patients

Total number 10
Age

Range 65-90

Median (years) 81

265y, No. (%) 10, (100)
Sex

Female, No. (%) 6 (60)

Male, No. (%) 4 (40)
BMI

Median 27.37

30-35, No. (%) 2(20)

>35, No. (%) 2(20)
Risk factors

diabetes mellitus, No. (%) 2(20)

aterial hypertension, No. (%) 9 (90)

malignom, No. (%) 2(20)

others, No. (%) 1(10)
COVID-19 severity

mild, No. (%) 1, (10)

moderate, No. (%) 0

severe, No. (%) 0
SARS-CoV-2 cycle threshold, mean (SD) 24, (8)

1200 mg/1200 mg single dose

16 7 33
35-87 45-89 35-90
67 70 E
9, (56.3) 4,(57.1) 23 (69.7)
9(56.3) 3(42.9) 18 (54.5)
7(43.7) 4(57.1) 15 (54.5)

23.27 25 E
1(6.3) 0 3(9.0
1(6.3) 2(28.6) 3(9.0)
5(31.25) 0 7(21.2)
10 (62.5) 3(42.9) 22 (66.7)
5(31.25 3(42.9) 10 (30.3)
1(6.25) 5(71.4) 7(21.2)
1,(5.9) 0 2(6.1)
3,(17.6) 1,(14.2) 4(12.1)
0 1,(14.2) 1(3.0)
24.1,(7.1) 22.4,(8.8)
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6,0
4,0

2,0

B .I
| N

0 B B

o
=)

Change in log viral load from
baseline
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Figure 2. Change of log viral load from baseline after 3, 6, 9, 12, 15, and 18 days. The boxes represent the interquartile range with the mean values (squares). The dots
outside the boxes represent the observed values outside the range. After day 3 and 6 the change in log viral load from baseline is highest after the treatment with both
antibody therapies. Only for the therapy with bamlanivimab after 3 days a statistically significant difference can be observed compared to the control group with a P-value
of 0.01 (95% confidence interval, 0.60 to 4.22). Due to earlier discharge of patients and one death case in the control group, the number of measurements declined over time
and only two patients could be included at day 15 and 18.

COVID-19 therapy with Bamlanivimab versus no treatment
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Figure 3. (a) Single cycle threshold values of every patient as change in viral load after 3, 6, 9, 12, 15, and 18 days for the treatment with bamlanivimab (red line) compared
to no treatment (gray line). The CT value is defined as number of cycles that are necessary to generate a fluorescent signal during a polymerase chain reaction that exceeds
a critical threshold such as the background signal. Because the generated signals are inversely proportional to the copy number of the coronavirus, it can be used as indirect
measure for the viral load and thus for the potential to develop a severe SARS-CoV-2 infection. (b) Mean CT values as change in viral load after 3, 6, 9, 12, 15, and 18 days
for the treatment with bamlanivimab (red dashed line) compared to no treatment (gray line).

CT, cycle threshold.

COVID-19 therapy with Casirivimab/Imdevimab versus no treatment
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Figure 4. (a) Single CT values of every patient as change in viral load after 3, 6, 9, 12, 15, and 18 days for the treatment with casirivimab/imdevimab (blue line) compared
to no treatment (gray line). The CT value is defined as number of cycles that are necessary to generate a fluorescent signal during a polymerase chain reaction that exceeds
a critical threshold such as the background signal. Because the generated signals are inversely proportional to the copy number of the coronavirus, it can be used as indirect
measure for the viral load and thus for the potential to develop a severe SARS-CoV-2 infection. (b) Mean CT values as change in viral load after 3, 6, 9, 12, 15, and 18 days
for the treatment with casirivimab/imdevimab (blue dashed line) compared to no treatment (gray line).

CT, cycle threshold.

CT values in the casirivimab/imdevimab group with slightly lower explained by looking at the spaghetti plots (Figures 3a and 4a).
viral loads compared to the control group, after all, later investiga- Here, a distinct increase in the viral loads in individual patients
tion times until day 18, higher viral loads are observed in both in- can be observed.

tervention groups (bamlanivimab and casirivimab/Imdevimab). Al-

though a continuous decrease in viral loads can be seen in the Secondary outcome

bamlanivimab group, after 12 days, a clear increase in the mean

CT values can be observed after the administration of the anti- With respect to COVID-19 severity, 10% (1 of 10 patients)
body combination therapy (Figures 3b and 4b). The increasing ef- in the bamlanivimab group, 6.3% (1 of 16 patients) in the
fect of the viral loads observed in the intervention groups can be casirivimab/imdevimab and no patient (0 of 7 patients) in the
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control group developed mild symptoms. Moderate symptoms
were observed in 18.8 % of patients in casirivimab/imdevimab
group (th3ree of 16 patients), 14.2 % (1 of 7 patients) in the con-
trol group, and no patient in the bamlanivimab group (0 of 10 pa-
tients). Severe symptoms were observed only in the control group
with 14.2 % (1 of 7 patients), and one death case was reported in
this group.

Discussion

In this retrospective cohort study, the efficacy of two different
neutralizing antibody therapies against COVID-19 was evaluated in
26 hospitalized patients that were diagnosed with COVID-19 in
the early stages with no or only mild symptoms. The primary end
point was the mean change in log viral load from baseline over an
investigation period of 18 days.

During the first 6 days, the decline of the viral load was more
pronounced and accelerated in patients who received antibody
therapies in comparison to the control group, and this difference
reached statistical significance for bamlanivimab at day 3 after
treatment.

It can be suggested that, especially in the early stages of the
COVID-19 infection, the neutralizing effect of the used antibod-
ies against the virus was highest, most likely due to high anti-
body concentrations in the body. However, after later investiga-
tion times, the virus neutralization attenuated since the viral loads
stagnated in the bamlanivimab group compared to the control
group. For casirivimab/imdevimab, stagnation, or even an increase
in the mean viral load, was observed over time. Interestingly,
neither in studies of monotherapy with bamlanivimab nor with
casirivimab/imdevimab could these effects be observed [21,24,25].

The reason for these findings might be the emergence of resis-
tant mutants, as described in earlier studies. Peiffer-Smadja et al.
demonstrated the emergence of E484K mutations among five out
of six patients after the treatment with bamlanivimab, yielding an-
tibody resistance [26].

Although the emergence of resistance mutations also seems
to be a possible explanation for the treatment with casiriv-
imab/imdevimab, it has been demonstrated in an earlier study that
especially this antibody cocktail does not lead to escape mutants
[27]. Another possibility could be a proteolytic degradation of the
used antibodies, resulting in elimination and loss of the clearance
efficacy [28,29]. Furthermore, the half-life of the used antibod-
ies associated with a weakened neutralization efficacy over time
could have led to a stagnation of the virus load elimination. For
bamlanivimab, a half-life of 17.6 days, for casirivimab 8.35 days,
and for imdevimab 6.8 days was reported. The faster elimination
and, thus, the lower concentration of the antibody cocktail casiriv-
imab/imdevimab over time could lead to a plateau and even an
increase of the virus load after day 12.

Regarding secondary outcomes, the results discussed here
should be understood as preliminary results because of the very
low number of patients included in this study. In general, no clear
differences comparing both intervention groups with the control
group were observed regarding the development of severe COVID-
19 progression. For bamlanivimab, similar findings were described
in the ACTIVE-3/TICO clinical trial in hospitalized patients. Here,
after treatment with bamlanivimab, no better clinical outcomes
were seen compared to the placebo group. Nevertheless, it was
suggested that although no clinical effects have been observed, pa-
tients who received bamlanivimab have had a slightly increased
viral clearance from the nasopharynx resulting in a lower risk of
hospitalization [30].

Severity after infection was measured by recording different
symptoms such as fever, dyspnea, cough, and myalgias. Although
most of the patients only developed mild or moderate symptoms,
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interestingly, no mild progression was observed in the control
group. However, one patient in the control group developed se-
vere symptoms, resulting in the only COVID-19-related death in
this study. It was already observed that a higher initial viral load
leads to increased disease severity resulting in higher mortality or
percentage of intubation [31]. Furthermore, it was postulated that
viral dynamics are associated with mortality in hospitalized pa-
tients and that an accelerated viral clearance could lead to a re-
duction in mortality in patients > 65 years [32].

With respect to the clinical outcomes, such as resolution of
symptoms and deaths, similar findings as in this study were al-
ready observed in two phase III studies. In these studies, a combi-
nation of bamlanivimab and etesevimab has been administered to
a higher number of patients with a high risk for severe progression
[33,34]. It could be demonstrated that the treatment with mono-
clonal antibodies reduced the incidence of hospitalization and re-
sulted in a more rapid resolution of symptoms after the treatment
with monoclonal antibodies. Furthermore, no deaths occurred in
the intervention groups compared to the control. Although there
were differences in the study design and the evaluation of the clin-
ical outcomes comparing the mentioned phase Il studies and this
study, our results may confirm the correlation between an accel-
erated reduction in viral loads and better clinical outcomes, espe-
cially in the first week after monoclonal antibody administration.

Because this study is based on a very low number of patients,
additional studies are needed to further investigate whether there
is a significant clinical benefit after administration of monoclonal
antibodies in early stages of COVID-19 infection. Especially the
emergence of escape mutants and the half-lives of neutralizing an-
tibodies can influence the clinical outcome of longer COVID-19 pro-
gression.

Only patients who had one or more risk factors, as described
above, were included in this study. Although the most common
comorbidity reported in this study was advanced age >65 and hy-
pertension, especially malignant diseases such as bronchial carci-
noma, ovarian carcinoma, or colon carcinoma, were included as
high-risk factors. In total, two out of six included cancer patients
were on chemotherapy during this study. Because chemotherapy
might have an immune-suppressing effect, it was expected that
there might be a prolongated viral clearance due to a decreased
endogenous antibody response. Because the two patients under
chemotherapy showed a complete viral clearance on day 12 af-
ter treatment with monoclonal antibodies and developed no symp-
toms after COVID-19 infection, it can be suggested that there might
be a clinical benefit, especially for immunosuppressed patients.

There were no consistent results emphasizing specific comor-
bidities for the development of severe symptoms. Further studies
are needed to investigate the influence of certain comorbidities on
COVID-19 progression and, thus, to determine priority groups for
the treatment with monoclonal antibodies.

Conclusion

Due to the fact that his study was performed from January to
May 2021, the used monoclonal antibodies are not up to date any-
more at the time point of publication. However, we assume that
our results are generalizable and hypothesize that our findings can
be transferred to other therapies with monoclonal antibodies e.g.,
against novel variants.

The treatment with monoclonal antibodies against SARS-CoV2
in early stages after infection is a promising treatment to
prevent severe COVID-19 progression. Especially in the first days
after treatment, the most distinct reduction in viral loads could
be observed. Because higher viral loads can be correlated to worse
clinical outcomes and severe progression in the early stages after
infection, fast treatment with monoclonal antibodies might prevent
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a severe COVID-19 disease, especially in high-risk patients. Further
studies are needed to investigate the effects of the described vi-
ral load reduction to increase the efficacy of antibody treatments
against novel variants and to improve the therapies for immuno-
compromised patients.
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