Research Paper
Retrospective Analysis of Neutralizing Antibody Cocktail
(Casirivimab and Imdevimab): A Game Changer in Treating
Mild COVID-19 Patients

ANU GAIKWAD, VINI MEHTA', CHIRALI SHAH?, MANSI AGRAWAL', R. A. SHAIK®, MASHAEL B. ALHARBI*, M. ALROUJP,
S. ALHAJLAH?, O. ALOMEIRS, RITU KUMAR AHMAD?, M. S. AHMAD?, F. H. ALANAZI?, A. ALHARBI®, A. TAWAKUL'™, M. T.
HEMDI', K. K. ALDOSSARI'2 AND R. ALDAHASH?1314.15*

Department of General Medicine, Dr. D.Y. Patil Medical College, Hospital & Research Centre, Dr. D.Y. Patil Vidyapeeth,
'Department of Public Health Dentistry, Dr. D.Y. Patil Dental College and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune,
Maharashtra 411018, 2Senior Resident, Krishna Institute of Medical Sciences, Secunderabad, Telangana 500003, India,
3Department of Family and Community Medicine, College of Medicine, Majmaah University, Al Majmaah 11952,
4Ministry of Health, Riyadh 12478, *Department of Medical Laboratories, College of Applied Medical Sciences, ®Department of
Pharmacy Practice, College of Pharmacy, Shagra University, Shaqra 11961, "Department of Applied Medical Science, Buraydah
Private Colleges, Buraydah 51418, 8Department of Medicine, °Department of Neurology, College of Medicine, Majmaah University,
Al Majmaah 11952, "*Department of Medicine, Faculty of Medicine, ""Department of Surgery, Faculty of Medicine, Umm Al-Qura
University, Makkah 24382, "?2Department of Family and Community Medicine, College of Medicine, Prince Sattam Bin Abdulaziz
University, Al-Kharj 11942, *Department of Medicine, Ministry of National Guard-Health Affairs, Ar Rimayah, Riyadh 11426, "“King
Abdullah International Medical Research Center, Ar Rimayah, Riyadh 11481, "®King Saud bin Abdulaziz University for Health
Sciences, Riyadh, Ar Rimayah, Riyadh 14611, Saudi Arabia

Gaikwad ef al.: Analysis of Neutralizing Antibody Cocktail in Treating Mild COVID-19 Patients

Our retrospective study aimed to evaluate the effectiveness of monoclonal antibodies (casirivimab and
imdevimab) on mild cases of coronavirus disease 2019 patients admitted to the tertiary care center. A
total of 161 patients were evaluated of which the test group consisted of 79 and the control group of
82. In the test group the patients had been administered with diluted 250 ml of 0.9 % sodium chloride
along with co-formulated casirivimab (600 mg) and imdevimab (600 mg) solution intravenously and in
the control group the patients were administered standard coronavirus disease 2019 treatment protocol.
The monitoring of patients in both groups was done at least 1 h after drug infusion in the designated
room. Post-treatment designed interviews were taken to evaluate the effectiveness of treatment. This
retrospective analysis discovered a significant association of symptoms with the group at 48 h for injected
and non-injected patients and 1 mo from the chi-square test after injecting monoclonal antibodies. There
is no significant association of symptoms with the groups at 3 mo. A significant difference in the symptom
distribution through different time points in the injected group and not injected group was observed.
From the pairwise McNemar’s test, a significant difference in the symptoms between each time in 48 h, the
difference was p=0.0075 and after 1 mo, p<0.001 points in both groups. The combination of casirivimab
and imdevimab could be considered a treatment of choice for vaccinated, non-vaccinated and mild to high-
risk coronavirus disease 2019 patients.
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Coronavirus was first seen in late 2019 in China and
it is a huge family from Nidovirales order that has
various side effects from the usual cold to intense
viral infections!!?l. The Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), as a new
member of this family, outbreak and subsequent
coronavirus pandemic have negatively impacted the
public health system, necessitating the development
of effective therapeutic strategies!**. Even though
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most Coronavirus Disease 2019 (COVID-19) cases
are asymptomatic or having mild to moderate
symptoms, up to 10 % of individuals might develop
a severe disease that requires hospitalizationl®!, as far
as, this illness leads to intense respiratory disease
in infected patient!®. The high pandemic mortality
rate and morbidity encouraged clinicians to search
appropriate adjunctive therapeutic methods to treat
this disease!”). Omicron, the novel COVID-19 strain,
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triggered the third pandemic wavel®. According to
recent World Health Organization (WHO) statistics,
nearly 5 million people have died from the new strain
of COVID-19 and the count is regularly increasing
worldwide!®. The population of the United States
and those of other countries are on the verge of a
catastrophic calamity. Despite the vaccination’s
success in reducing COVID-19 outbreaks, the
situation necessitates advanced and potential
treatment strategies for eradicating the virus in the
clusters of people infected. Monoclonal antibodies
are effective as well as safe when treating viral
infections, reducing the risk of viral infection. These
antibodies directly bind with the neutralizing antigen
and stimulate the antibody-mediated phagocytosis®!.

The United States Food and Drug Administration
(USFDA), Central Drug Standard Control
Organization (CDSCO) and the European Medical
Agency (EMA) have issued Emergency Use
Authorization (EUA) for Casirivimab (CAS) and
Imdevimab (IMD), two Immunoglobulin G1 (IgG1)
anti-SARS-CoV-2 monoclonal antibodies. These
medicines prevent the virus from entering host cells
by adhering to receptor-binding region of SARS-spike
CoV-2's glycoprotein'”. CAS and IMD combination
is recommended for mild to high-risk patients with
diabetes mellitus (Hemoglobin Alc (HbAlc)>10 %),
chronic liver, respiratory diseases, kidney diseases
(estimated glomerular filtration rate 60 ml/min),
cardiovascular  diseases, immunocompromising
diseases, malignancies or those with a body mass
index of 35 kg, aged 65 y and other indications
approved by institutional medical boards. For those
over 12 y of age and atleast 40 kg, the recommended
dose for each medicine is 600 mg!'!. The diluted
mixture must be given as a single intravenous infusion
lasting for a minimum of 1 h or as a subcutaneous
injection!!”, There is paucity of evidence of the
combinations used in coronavirus, population
differences are likely an issue and more research is
needed. A recent trial on safety and efficacy of CAS
and IMD in coronavirus is a double-blinded, two-part
trial in the United States!'?!. Another trial published
in the same year, on CAS and IMD concluded to
have lowered hospitalization or deaths by 70 % in
non-hospitalized patients with coronavirus!'®!. There
is a death of research in this domain acknowledged
in India. Even though this combination has gained
worldwide attention and is being prescribed by most
physicians globally, it emphasizes the importance of
further research into the medications influence on
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the Indian people!'¥. Hence, the current study aims
to evaluate effectiveness of CAS and IMD on mild
cases of COVID-19 patients admitted in the tertiary
care center.

MATERIALS AND METHODS

A retrospective comparative observational research
was conducted on SARS-CoV-2 patients to assess
the influence of the CAS and IMD antibody cocktail
which was conducted in a general medical hospital in
South India for 5 mo (duration) after receiving ethical
approval from the institutional ethical committee.

Study procedure:

All in-patients and out-patients confirmed with
COVID-19 by antigen test or Reverse Transcription-
Polymerase Chain Reaction (RT-PCR) without
hypoxia (oxygen saturation of 93 % or higher) were
enrolled for this study. The research purpose was
explained to patients in their native language (risk
and benefits of both the drugs) and a written informed
consent was taken. The patients between 18 y to 80
y old and had COVID-19 symptoms onset for less
than 10 d, with one or more comorbidities elevating
disease risk or severity were included. The study
excluded patients with moderate to severe stages of
disease during admission and those with a history
of anaphylaxis reaction to the mentioned drugs. 161
patients were enrolled in the study and were divided
into test and control groups. This research was
divided into 2 phases.

Phase 1 data collection and standard COVID-19
treatment with an antibody cocktail: The patients
were then divided into two groups for comparison. The
test group (n=79) included patients treated with CAS
and IMD antibody cocktail, while controls (n=82)
consisted of standard anti-COVID-19 treatments.
The clinical findings and demographics of patients
were taken through the predesigned questionnaire
that the general medical physician of the hospital
approved. The questionnaire consists of patient
demographics like patient identification number, age,
gender, COVID positive date, admission date and
length of hospital stay.

Patients enrolled in the test group were administered
with diluted, 250 ml of 0.9 % sodium chloride and
co-formulated CAS (600 mg) and IMD (600 mg)
solution intravenously. However, the controls were
administered with standard COVID-19 treatment
protocol. Clinical monitoring of patients in the test
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group was done at least 1 h after drug infusion in the
designated room. Any adverse effects of drugs were
promptly noted, treated and documented.

Phase 2 feedback of patient on antibody cocktail
study: Patients were recalled at regular intervals
after 3 d, the 1** and the 3 w and 3 mo to review
and evaluate their post-COVID-19 treatment
experiences. After consulting with the COVID-19
general medicine physicians at the hospital, well-
designed interview questions were prepared. Patients
in both groups were asked questions about their
health. What is the current state of health following
the COVID-19 therapy?, treatment satisfaction (Did
you face any discomfort throughout the injection? (if
yes, what is the reason?). Are you satisfied with the
treatment regimen? (if yes/no, why), post-COVID-19
issues, adverse reactions and re-hospitalization. Were
you readmitted to the hospital after being treated for
COVID-19? What were the reasons for re-admission
(apart from COVID-19)? The negative effect of the
drug was noted and treatment requirements were also
verified. Any long-term COVID symptoms were also
taken into consideration. The patient’s information

was retrieved in less than 5 min.
Statistical analysis:

R 4.1.2 software and excel were used to analyze the
data. The frequency table was made to represent
categorical data. Mean, Standard Deviation (SD)/
Median (min, max) were used for continuous
variables. For categorical variables, chi-square test
was employed. Two sample t-test were employed
to compare the means of variables over groups.
Cochran’s Q test compares the distribution of
symptoms between time points. Pairwise McNemar’s
test was performed for post hoc analysis. A p-value
less than or equal to 0.05 indicated statistical
significance.

RESULTS AND DISCUSSION

The study comprised of 161 patients, 79 patients in test
and 82 patients in control groups. The median age of
the patients included in this study was 51.8+14.38 vy,
amongst which 59.63 % were male and 40.37 % were
female (Table 1).

TABLE 1: COMPARISON OF DIFFERENT VARIABLES OVER GROUPS

. Group
Variables Sub category Injected Not injected Total p-value
20-39 18 (22.78 %) 14 (17.07 %) 32 (19.88 %)
40-59 40 (50.63 %) 40 (48.78 %) 80 (49.69 %) 0.3658 MC
60-79 20 (25.32 %) 23 (28.05 %) 43 (26.71 %)
Age (y) >80 1(1.27 %) 5 (6.1 %) 6 (3.73 %)
MeanzSD 50.18x13.14 53.37x15.4 51.8+14.38
Median (min, max) 52 (24, 86) 53.5 (20, 83) 52 (20, 86) 0.1601 t
Gender Female 32 (40.51 %) 33 (40.24 %) 65 (40.37 %) 0.9729 C
Male 47 (59.49 %) 49 (59.76 %) 96 (59.63 %)
Alcoholic 12 (15.19 %) 16 (19.51 %) 28 (17.39 %)
Chronic alcoholic 3(3.8%) 0 3(1.86 %)
Ex-alcoholic 1(1.27 %) 0 1(0.62 %)
Ex-smoker 1(1.27 %) 0 1(0.62 %)
Addictions Ex-smoker and alcoholic 1(1.27 %) 0 1(0.62 %) <0.001 MC*
Gutka chewer 0 1(1.22 %) 1(0.62 %)
Smoker 6 (7.59 %) 7 (8.54 %) 13 (8.07 %)
Smoker, alcoholic 3(3.8%) 5(6.1%) 8 (4.97 %)
Nil 52 (65.82 %) 53 (64.63 %) 105 (65.22 %)
15t dose 23 (29.11 %) 40 (48.78 %) 63 (39.13 %)
Dose 2™ dose 28 (35.44 %) 21 (25.61 %) 49 (30.43 %) 0.0381C
Unvaccinated 28 (35.44 %) 21 (25.61 %) 49 (30.43 %)
COVAXIN 18 (22.78 %) 26 (31.71 %) 44 (27.33 %)
Type vaccine COVISHIELD 33 (41.77 %) 35 (42.68 %) 68 (42.24 %) 0.2925 C
Unvaccinated 28 (35.44 %) 21 (25.61 %) 49 (30.43 %)
- . No 77 (97.47 %) 63 (76.83 %) 140 (86.96 %) .
Clinical worsening Stage 1 to 2 2 (2.53 %) 19 (23.17 %) 211 (13.04%)  “0-00TMC

Note: C: Chi-square test; MC: Monte Carlo simulation; t: Two-sample t-test and *indicates statistical significance
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Monte Carlo simulation test showed no statistical
difference in the age group of patients. At the same
time, the chi-square test reported statistical significance
while comparing adverse outcomes over addictions
(fig. 1). However, no statistical significance was noted
amongst gender, clinical onset and vaccination status
over the groups when compared using the chi-square
test. Table 1 represents a comparison of the groups.

There was a significant association between cough,
myalgia, weakness and dyspnea between the groups
from the Chi-square test as shown in Table 2 and fig. 2.

There was a significant association of symptoms with
the groups at 48 h for injected and non-injected patients
(p=0.0075) and 1 mo (p<0.01) from the Chi-square test.
There is no significant association of symptoms with
the group at 3 mo (Table 3).

From Cochran’s Q test, a significant difference in
the distribution of symptoms between time points
in injected group (p<0.01) and not injected group
(p<0.01) was observed. From the pairwise McNemar’s
test, a significant difference in the symptoms between
injected group and not injected group each time in 48
h was observed, the difference was p=0.0075 and after
1 mo the difference was p<0.001 point in both groups
(Table 3).

This observational study evaluated the effectiveness
of CAS and IMD on mild cases of COVID-19.
The treatment of coronavirus with CAS and IMD
(REGN-COV2) was on the basis of FDA and EUA for
outpatient care!'*!, To neutralize the pathogenic effects
of coronavirus, these antibodies bind to a specific cell
surface of the virus!'™. A study done by Deb et al.
reported monoclonal antibodies to be safer and more

efficient in targeting SARS-CoV-2 surface proteins than
alternative techniques such as convalescent plasmal'®l,
REGN-COV2 is most effective at lowering infection
rates in patients without antibodies at baseline!').

Similarly, Weinreich et al. found that individuals
who were not vulnerable to infection at baseline
had a relatively high viral load on 7" d of the post-
infusion!'?. Recent research shows that combining
these two monoclonal antibodies is more beneficial
than one monoclonal antibody in treating COVID-19
patients!'>'7!¥1._ CAS and IMD target the spike protein
on distinct epitopes, resulting in the REGN-COV2
effectiveness!''®!. Baum et al. further stated that the
cocktail’s combination in REGN-COV2 limits rapid
mutational escape, an important factor that given
the widespread emergence of mutant SARS-CoV-2
strains!'?l.

Due to the pandemics termination ambiguity,
monoclonal antibodies were proposed to help patients
cope with COVID-19. Because of its long half-life
and single-dose schedule, Magleby et al. called for
developing new antibody therapies>"!. However, the cost
prevented patients in developing nations from receiving
this comprehensive treatment. In India, the majority of
the older population is economically destitute. They
are obliged to proceed with additional COVID-19
treatments with significant adverse drug reactions!!®-!,
This was the primary reason for the restricted number
of samples (n=79) available for the CAS and IMD
treatment groups. Furthermore, the Indian Ministry of
Health recommended half of the doses indicated by the
FDA and EMA (CAS 1200 mg and IMD 1200 mg) for
mild COVID-19 outpatients!!422-23],
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Fig. 1: Distribution of subjects according to addiction over groups, (@) Not injected and (C)) Injected
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TABLE 2: THE FOLLOWING TABLE GIVES THE COMPARISON OF SYMPTOMS AT ADMISSION OVER

GROUPS
Groups
Symptoms at admission Total p-value
Injected Not injected
Egﬁg’:wﬁ‘g;"ex‘;‘:‘c‘igr ::S 55 (69.62 %) 28 (34.15 %) 83 (51.55 %) <0.001 C*
Fever 61 (77.22 %) 54 (65.85 %) 115 (71.43 %) 0.1106 C
Rhinorrhea 10 (12.66 %) 11 (13.41 %) 21 (13.04 %) 0.8867 C
Myalgia 1(1.27 %) 37 (45.12 %) 38 (23.6 %) <0.001 C*
Weakness 33 (41.77 %) 81 (98.78 %) 114 (70.81 %) <0.001 C*
Headache 5(6.33 %) 3 (3.66 %) 8 (4.97 %) 0.5122 MC
E?’esggf)a (shortness - of 1(1.27%) 25 (30.49 %) 26 (16.15 %) <0.001 MC*
Loose motion 4 (5.06 %) 3 (3.66 %) 7 (4.35 %) 0.7286 MC
Anosmia 6 (7.59 %) 10 (12.2 %) 16 (9.94 %) 0.3294 C
Ageusia 2 (2.53 %) 6 (7.32 %) 8 (4.97 %) 0.2954 MC
Sore throat 4 (5.06 %) 10 (12.2 %) 14 (8.7 %) 0.1084 C
Note: C: Chi-square test; MC: Monte Carlo simulation and *indicates statistical significance
Sore throat [P 42 20%
Ageusia [ (] 32%
Anosmia g 1220%
Loose motion [y 3623,
Dyspnca (Shortness of breath) [ gaq o 20-49%
Headache [y %555,
weakness [ T— s 7%
Myalgia [FESSSSS—45.12%
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Fig. 2: Distribution of subjects according to symptoms at admission over groups, (#) Not injected and (M) Injected

TABLE 3: COMPARISON OF SYMPTOMS AT DIFFERENT TIME POINT OVER GROUPS

Group
Time points Symptoms p-value
Injected Not injected
Absent 0 0
24 h
Present 79 (100 %) 82 (100 %)
Absent 19 (24.05 %) 7 (8.54 %)
48 h 0.0075 C*
Present 60 (75.95 %) 75 (91.46 %)
Absent 44 (55.7 %) 24 (29.27 %)
1 mo <0.001 C*
Present 35 (44.3 %) 58 (70.73 %)
Absent 71 (89.87 %) 70 (85.37 %)
3 mo 0.386 C
Present 8 (10.13 %) 12 (14.63 %)
p-value <0.001 CQ* <0.001 CQ*

Note: CQ: Cochran’s Q test; C: Chi-square test and *indicates statistical significance
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The main objective of the current study was to discuss
the clinical implications of CAS and IMD in coronavirus
symptomatic individuals. According to a recent study
by O'Brien et al., on monoclonal antibody cocktails,
there was a significant reduction in PCR-positive
coronavirus compared to a control group?!. The viral
infection in their study population was reported in less
than a week and required medical attention, especially
in patients with hypoxial®. However, the subjects in
our study have shown no significant association in the
duration of hospital stay within both groups. Similarly,
in phase 1 to 3 clinical trials conducted in the United
States of America, only a small number of patients given
the antibody cocktail, required medical attention!').

Furthermore, Ganesh et al. reported that a few of their
patients required ventilator support; however, 2.83
% of their CAS and IMD subjects were hospitalized
and 7.56 % required medical treatment only a few had
been sent to the intensive care unit!'®!. In the current
study, few patients (2.53 %) injected with an antibody
cocktail were readmitted during their post-COVID
phase. This was substantially lower when patients on
regular coronavirus therapy were considered (23.17
%). CAS and IMD, although, are not suggested for
coronavirus patients with hypoxia!'®l. Moreover, in the
current study, we have excluded patients with hypoxia,
as studies indicate the negative effect of monoclonal
antibodies on patients with hypoxia®!31,

The current study portrayed that most patients are
immunized with the first dose of the vaccine. The
government of India has also recommended COVID-19
antibody cocktail treatment for vaccinated patients.
However, patients were instructed not to take any
vaccine till 90 d after taking the antibody treatment
regimen®*?%), This study also reported a reduction in
the need for mechanical ventilation and Intensive Care
Unit (ICU) support following CAS and IMD, even for
the non-immunized patients which could be owing to
efficacy of the antibody cocktail’s reduced response
to interfering with the vaccine-induced immune
responsel?). A similar study was also in agreement with
the current findings®”..

Our findings suggested a significant association between
adverse habits such as alcohol (3.08 %), smokers (7.59
%) and treatment outcomes. Similarly, a systematic
review by Siemieniuk ez al. indicated a delay in response
to monoclonal antibody treatment for the patient with
alcohol addiction!?®!. However, more studies are needed
in various hospital settings to support these findings.
Of 79 patients in the experimental group, 77 (89.97 %)
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patients reported no post COVID symptoms after 3 mo
of receiving an antibody regimen. However, 71 patients
recovered completely in the control group, while
12 patients reported some post-COVID symptoms.
Consequently, previous studies performed to check the
efficacy of antibody cocktails and the complete recovery
of patients within 30-50 d!'-'*-28], However, the controls
had a higher rate of adverse effects compared to the test
group, which could be attributed to different treatment
modalities. Both groups reported no hypersensitivity or
adverse reaction at the injection site. Throughout the
efficacy evaluation period, no emergency department
visits or hospitalization were seen among the
experimental group. After administering the antibody
cocktail regimen, the concentration of antibodies in
serum (according to the data) was recorded well above
the target neutralization concentration as early as the
1 d of injection throughout the efficacy assessment
period.

The above data supports the potential use of an
antibody cocktail to prevent SARS-CoV-2 infection
in patients requiring immediate medical attention
to reduce disease transmission from mild to severe.
Recent studies have evaluated the effect of antibody
cocktails in maintaining the spread of coronavirus as
well as lowering post-COVID side effects!'?2°2%]. The
current study also showed that the CAS and IMD
cocktail administration was efficacious and provided an
acceptable safety profile. This combination could serve
as a better treatment alternative in mild coronavirus
patients.

In the future, larger sample sizes and multi-centric
studies are required to investigate the outcomes
of this drug combination. Changes in laboratory
measurements, particularly inflammatory markers in
COVID-19, can also help to create a treatment protocol
for mild COVID-19 patients. The results of our study
supported the use of CAS and IMD in mild cases
and have reported higher post-COVID-19 treatment
satisfaction. However, more research is required in a
different setting to support the present study’s findings.

CAS and IMD treated patients in this study reported
a reduced need for mechanical ventilation and oxygen
supply and no reported mortality. After assessing
each patient’s post-COVID-19 infection status, most
of those on the antibody cocktail were healthy and
satisfied with the treatment. As a result, the CAS and
IMD regimens are practical and can be suggested for
COVID-19 individuals at high risk. In hospitalized mild
cases and outpatient care, clinicians may consider using
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monoclonal antibody cocktail infusions for patients at
risk of developing severe disease progression. However,
further research is required with a larger sample size to
support the findings of this study.
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