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Abstract

The coronavirus disease 2019 (COVID-19) pandemic emerged as a
world crisis in 2019 and started a global search for optimal therapeutic
regimen including vaccines, antiviral agents, and recently monoclonal
antibody therapy. Clinical trials are currently underway for the effica-
cy of several neutralizing monoclonal antibodies against COVID-19.
The evolution of new severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) variants with immune evasion capacity has created
a challenge for the healthcare workers with urgent need for prospec-
tive studies to determine functionality of monoclonal antibody therapy
and their role in the reduction of hospitalization for disease severity.
Herein, we report three cases of COVID-19 during the beginning of
the spread of Omicron variants that were hospitalized after treatment
with monoclonal antibody therapy in the emergency department. All
the patients showed progression of the disease on imaging and were
treated with dexamethasone, remdesivir and anticoagulation based on
the symptoms and contraindications. Two of the patients recovered
and were discharged with out-patient follow-up; however, one patient
expired in the hospital. Monoclonal antibody therapy is a promising
treatment to limit the progression of COVID-19 and reduce the hospital
strain specifically in small community hospitals. Limited information is
available about their efficacy in the new viral variants. These cases em-
phasize the need of future prospective study and randomized controlled
trials to illustrate the utilization of monoclonal antibodies as a thera-
peutic modality in patients infected with the variants of SARS-CoV-2.
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Introduction

The current pandemic caused by novel severe acute respira-
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tory syndrome coronavirus 2 (SARS-CoV-2) has claimed the
lives of millions of people worldwide [1]. To combat this
contagious disease, a variety of prophylactic and therapeu-
tic treatment regimens are now under evaluation in clinical
trials [2]. Immunotherapy in the form of vaccines have been
proven to be beneficial in viral infections. Monoclonal anti-
bodies (mAbs) represent a form of passive immunotherapy
that can provide effective prophylactic and therapeutic inter-
vention against specific diseases [3]. These are a novel class
of antiviral agents that can neutralize the virus in infected
patients [4]. In 1975, mAbs were first developed by Kohler
and Milstein with palivizumab being the first antiviral mAb
approved for the prophylaxis of respiratory syncytial virus in
high-risk infants by the United States Food and Drug Admin-
istration (FDA) [5]. The early stage of coronavirus disease
2019 (COVID-19) is characterized by profound SARS-CoV-2
viral replication and the use of antibody-based treatments are
likely to be beneficial in this stage. Here in, we report three
cases in which patients with suspected Omicron variant of
SARS-CoV-2 were treated with mAbs and hospitalized for
progression of disease.

Case Reports
Case 1

Investigations

A 75-year-old female with a past medical history (PMH) of
diabetes mellitus, hypertension and peripheral arterial dis-
ease presented to the emergency department (ED) on Decem-
ber 13, 2021 with complaints of loss of appetite and cough
for the past 3 days. The patient stated the cough was dry, non-
productive and non-bloody. The patient denied any weight
loss, headache, vomiting, diarrhea, fever, chills, or shortness
of breath. She is not vaccinated for COVID-19. Medications
include carvedilol 12.5 mg twice daily, aspirin 81 mg once
daily, atorvastatin 40 mg once at night and insulin. The pa-
tient is compliant with her medications with no change in
use or dosage of current medications. She did not report any
change or exacerbation of her chronic medical conditions.
On examination the patient was afebrile with temperature of
37 °C, pulse 78 beats/min (bpm), respiratory rate (RR) 18
breaths/min, blood pressure (BP) 169/64 mm Hg, saturating
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Figure 1. Posteroanterior chest X-ray showed no infiltrate, effusion, or
pneumothorax.

100% on room air (RA). Cardiac, respiratory, and abdominal
examination were within normal limits.

Diagnosis

On laboratory evaluation, COVID-19 antigen and polymerase
chain reaction (PCR) tests were positive. The high sensitiv-
ity troponin (HS troponin) and creatinine were elevated. The
remainder of the laboratory parameters were unremarkable.
Electrocardiography showed sinus rhythm. The chest X-ray
showed no infiltrates as shown in Figure 1. The patient re-
ceived bamlanivimab 700 mg and etesevimab 1,400 mg trans-
fusion and was discharged. The patient returned to the ED after
6 days for persistent loss of appetite and cough. She stated that
the cough had worsened, was dry and non-productive. She de-
nied any fever, chills, shortness of breath, chest pain, palpita-
tions, abdominal pain, nausea, or diarrhea. Review of systems
was otherwise negative. She was afebrile with a temperature
0f 36.8 °C, pulse of 72 bmp, RR 17 breaths/min, BP of 156/69
mm Hg, saturating 96% on RA. Physical examination includ-
ing the respiratory and cardiac examination was unremarkable.
The COVID-19 antigen test was negative, but the PCR test
was positive. The inflammatory markers including ferritin,
D-dimer, lactate dehydrogenase (LDH) were elevated. Chest
X-ray showed multifocal airspace disease as shown in Figure
2. Computed tomography (CT) scan of chest without contrast
showed bilateral peripheral multifocal consolidation. Doppler
venous ultrasound of bilateral lower extremity was negative
for acute deep vein thrombosis.

Treatment

The patient was given a 3-day course of remdesivir and prophy-
lactic anticoagulation. Her cough and appetite improved during
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Figure 2. Posteroanterior chest X-ray showed multifocal airspace
opacity bilaterally (red arrows).

the hospital stay and she was discharged to a skilled nursing facil-
ity on a month of 5 mg apixaban daily with out-patient follow-up.

Follow-up and outcomes

On the follow-up visit after 2 weeks the patient reported recov-
ery of her symptoms.

Case 2
Investigations

A 75-year-old male with a PMH of cirrhosis secondary to
hepatitis C, acquired immunodeficiency syndrome (AIDS)
and end stage renal disease (ESRD) on dialysis presented to
the ED on December 21, 2021 from a long-term care facil-
ity with complaints of cough for the past 2 days. The pa-
tient stated the cough was non-bloody and productive of yel-
lowish sputum. He denied any shortness of breath, fever, or
chills. His past medical conditions were reported to be stable
with regular follow-up in the facility. Medications include
abacavir-lamivudine, fosamprenavir with CD4 count of 354
and unknown viral load with no change in the dosage or use
of current medication. The review of the system was other-
wise unremarkable. He received two doses of COVID-19
vaccination 8 months ago but did not receive the booster
dose. Patient was unaware of which type of vaccine. On
examination the patient was afebrile with a temperature of
36.6 °C, pulse 70 bpm, RR 20 breaths/min, saturating 95%
on RA. The patient appeared alert on physical examination.
The chest was clear to auscultation bilaterally with labored
speech and respiration. The rest of the physical examination
was within normal limits.
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Figure 3. Posteroanterior chest X-ray showed hilar vascular conges-
tion (red arrow) with mild right sided pleural effusion (green arrow).

Diagnosis

The laboratory parameters were within normal limits. The
PCR test for COVID-19 was positive, but the antigen test
was negative. The chest X-ray was positive for hilar vascu-
lar congestion as shown in Figure 3. The patient was given
casirivimab-imdevimab 1,200 mg mAb treatment in the ED
and was discharged back to the facility. The patient presented
back to the ED for worsening shortness of breath after 18
days. As per the facility nurse the patient had increased cough
and shortness of breath in the past week. He was placed on a
high flow nasal cannula in the facility. On evaluation in the
ED the patient was in moderate respiratory distress and was
unable to answer questions comprehensively. Patient was
afebrile with a temperature of 36.8 °C with a pulse of 73 bmp
and RR of 28 breaths/min, BP of 122/61 mm Hg, saturating
95% on continuous bilevel positive airway pressure (BiPAP)
device. On examination the patient had bilateral crackles
with poor air entry bilaterally. The remainder of the physical
examination was unremarkable. The inflammatory markers
including ferritin, D-dimer and LDH were markedly elevat-
ed. The COVID-19 antigen and PCR tests were negative. The
brain natriuretic peptide (BNP) was elevated. The electrocar-
diogram showed sinus rhythm. The chest X-ray showed ex-
tensive bilateral infiltrates as shown in Figure 4. Echocardi-
ography showed left ventricular ejection fraction (LVEF) of
50-55%. His initial arterial blood gas (ABG) showed a pH of
7.446 (7.34 - 7.44), pCO, of 44.4 (35 - 48 mm Hg), pO, of
45.7 (75 - 100 mm Hg) and bicarb of 29.8 (22 - 28 mmol/L).
Doppler venous ultrasound of bilateral lower extremity was
negative for acute deep vein thrombosis. The blood cultures
were negative.
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Figure 4. Posteroanterior chest X-ray showed extensive bilateral infil-
trates (red arrows) and small effusion.

Treatment

The patient was admitted to the intensive care unit (ICU) for
increasing oxygen requirements. He was started on dexameth-
asone and prophylactic anticoagulation.

Follow-up and outcomes

During ICU stay the patient’s BP decreased, and he was started
on pressor support. Goals of care were discussed with the pa-
tient who did not wish to be intubated. The code status was
confirmed as do not resuscitate, do not intubate. His oxygen
requirements continued to increase, and he expired on day 10.

Case 3
Investigations

A 54-year-old female with no significant PMH presented to the
ED on December 27, 2021 with complaints of fatigue and loss
of appetite for the past 4 days. She complained of mild short-
ness of breath with dry, non-bloody cough and 2 - 3 episodes
of loose stools. The patient is not vaccinated for COVID-19.
She denied any headache, chest pain, palpitations, or abdomi-
nal pain. The patient was afebrile with pulse 82 bmp, RR
20 breaths/min, saturating 97% on RA and body mass index
(BMI) of 31 kg/m?. The physical examination was unremark-
able.

Diagnosis

The COVID-19 antigen and PCR tests were positive. The re-
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Figure 5. Posteroanterior chest X-ray showed mild vascular conges-
tion (red arrow). No consolidation or infiltrate was observed.

mainder of the laboratory investigations were within normal
limits. The chest X-ray showed mild pulmonary vascular
congestion as shown in Figure 5. The patient was given ca-
sirivimab-imdevimab 1200 mg mAb treatment in the ED and
was discharged, with instructions to self-isolate. The patient
returned to the ED 4 days later with complaints of shortness
of breath. She stated she felt short of breath on exertion. She
also complained of a cough producing yellowish sputum. She
still complained of loss of appetite and stated that she had fever
and chills at home. She denied any chest pain, palpitations,
headache, dizziness, nausea, or abdominal pain. Review of
systems was otherwise negative. On evaluation she was febrile
with Tmax (the maximum recorded temperature at a given sta-
tion on a given day) of 39 °C , BP of 129/66 mm Hg, RR
18 breaths/min, pulse 97 bpm, saturating 92% on RA. On res-
piratory examination the patient had diffuse rales bilaterally.
The remainder of the physical examination was within normal
limits. The inflammatory markers were mildly elevated. The
patient had leukopenia and thrombocytopenia. The other labo-
ratory parameters were unremarkable as shown in Table 1. The
chest X-ray showed diffuse patchy airspace disease as shown
in Figure 6.

Table 1. Basic Laboratory Parameters

UPRIGHT

4:44:53 AM

Figure 6. Posteroanterior chest X-ray showed mild diffuse patchy air-
space opacity with peripheral distribution (red arrow).

Treatment

She was given a 7-day course of dexamethasone, 5 days of
remdesivir and prophylactic anticoagulation. The patient’s
oxygen requirements improved, and she was discharged on
apixaban 2.5 mg daily for 2 weeks with out-patient follow-up.

Follow-up and outcomes

On the subsequent visit the patient denied any active complaints.

Discussion

The COVID-19 pandemic has caused an unprecedented pub-
lic health crisis globally and warrants the timely creation of
optimal preventive and therapeutic interventions [6]. SARS-
CoV-2 primarily affects the organs with a high quantity of vi-
rus targeted receptor protein: angiotensin converting enzyme
2 (ACE2) which includes the lungs, heart, kidney, and small

Case 1 Case 2 Case 3 Reference values
Blood urea nitrogen (mg/dL) 12 65 7 6-24
Serum creatinine (mg/dL) 0.6 2.6 0.8 0.5-1
White blood cell counts (x 103/uL) 8.7 8.6 2.5 44-11
Hemoglobin (g/dL) 14 8.2 12.5 12-15.5
Platelets (x 103/uL) 319 41 111 150 - 450
Lactate dehydrogenase (U/L) 484 420 426 122 - 222
C-reactive protein (mg/dL) 222 11.8 18.3 0.0-0.8
Ferritin (ng/mL) 696 371 838 11-307
D-dimer (ng/mL) 6,059 7,771 658 0-500
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intestine [7]. Clinical manifestations include mild symptoms
like diarrhea, shortness of breath and cough to severe com-
plications including acute respiratory distress syndrome,
widespread thrombosis, renal failure, and death [8]. Current
treatment modalities for moderate and severe for COVID-19
include antiviral agents, immunosuppressants, corticosteroids,
anticoagulants, and supportive management [9].

Recently mAbs have emerged as a beneficial tool for the
prophylactic and therapeutic treatment of COVID-19 based on
their specificity, ability to prevent disease progression and re-
duction of disease period [10]. It follows the hypothesis that
passive immunotherapy might be useful for the management
of COVID-19 since patients who develop antibodies soon after
disease occurrence have better prognosis than those with de-
layed antibody response [11]. The mAbs are derived from the
B cells. These antibodies neutralize the virus by binding to the
spike proteins of the SARS-CoV-2 and block the entry of the
virus into the host cells thereby reducing the viral load [12].
The FDA has issued an emergency use authorization (EUA) of
mADbs for the treatment of mild to moderate COVID-19 disease
within 10 days of symptom onset including bamlanivimab-
etesevimab, casirivimab-imdevimab, bebtelovimab and
sotrovimab; however, the use of bamlanivimab-etesevimab
and casirivimab-imdevimab against Omicron variant was
later revised in January 2022 due to lack of efficacy against
the variant. The combination of casirivimab and imdevimab
(REGN-COV?2) binds to the epitopes of the spike protein for
SARS-CoV-2 and blocks the virus binding to the human re-
ceptors causing decrease in the viral load [3]. Bamlanivimab-
etesevimab also has a similar mechanism of action and can be
used in patients with mild to moderate symptoms and high risk
of progression to severe disease [13]. Clinical trials for the ef-
ficacy, rate of hospitalization and mortality benefits of mAbs
for COVID-19 are currently underway for patients with early
disease [14]. However, limited benefit has been observed in
patients with severe disease [13].

A study conducted by Bariola et al showed that 15 out of
232 propensity matched patients were hospitalized after treat-
ment with bamlanivimab and only four of these patients died
[15]. This study emphasized that bamlanivimab therapy reduced
the hospitalization and mortality in patients more than 65 years
of age with COVID-19. Another study conducted by Gupta et al
showed that only three out 0of 291 patients with COVID-19 treat-
ed with sotrovimab had disease progression leading to hospitali-
zation and death [16]. The emergence of viral variants, however,
is an issue of concern since it may undermine the clinical ef-
fectiveness of current mAbs therapy [17]. Omicron (B1.1.529)
is a new variant with missense substitutions in the spike protein
receptor domain that might not be neutralized by casirivimab
and imdevimab as per unpublished in vitro studies [18]. If this
hypothesis proves true, then it will significantly compromise the
efficacy of mAbs against the Omicron variant [19]. The Nation-
al Institutes of Health (NIH) COVID-19 treatment guidelines
also recommend against the use of bamlanivimab-etesevimab
and casirivimab-imdevimab for Omicron variant and as such
have revoked the EUA of these mAbs due to lack of efficacy
against the Omicron variant as of January 2022 [20].

We compiled the data of 125 patients with mild and mod-
erate symptoms of COVID-19 who received mAbs over the
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course of 2 months from October 2021 to December 2021.
Twelve patients out of 125 received sotrovimab whereas 55 re-
ceived casirivimab/imdevimab and 58 received bamlanivimab/
etesevimab. Most of the patients were Hispanic. Diabetes and
hypertension were the most common comorbidities. Majority
of the patients were male. We report three cases of hospitaliza-
tion out of these 125 patients post mAbs treatment. One pa-
tient received bamlanivimab 700 mg and etesevimab 1,400 mg
transfusion whereas the remaining two received casirivimab-
imdevimab 1,200 mg mAb treatment. Out of the three, one pa-
tient who received casirivimab-imdevimab, passed away due
to progression of disease. It is to be noted that the patient had
multiple comorbidities which might be a cofounder to the ef-
ficacy of mAbs. All patients were above 54 years of age. Two
patients were hospitalized within a week of mAb administra-
tion whereas one patient was hospitalized after 2 weeks for
worsening clinical symptoms. Only one patient was upgraded
to the ICU due to progression of the disease. All the patients
were given prophylactic anticoagulation whereas, only two pa-
tients received remdesivir and dexamethasone. One patient had
no significant PMH except obesity whereas the other two had
multiple comorbidities. All of the patients showed progression
of disease on imaging; however, the only patient with unfa-
vorable outcome had significant co-morbidities which might
have played a role in the severity of his symptoms. A study
conducted by Lovett et al demonstrated that out of 270 patients
treated with bamlanivimab only five patients (1.9%) required
hospitalization and the risk of hospitalization was 82% lower
in mADb treated patients as compared to untreated patients [20].
These cases coincide with the beginning of the spread of the
Omicron variant and even though the viral genome was not
sequenced due to the paucity of funds in the community hospi-
tal, the timing of the cases suggest infection with the Omicron
variant and the therapeutic failure of the mAbs might be due to
the reduced activity of mAbs against the newer variant. It is to
be noted that mAbs are susceptible to mutations and not useful
for permanent intervention.

Future prospective studies are required to explore medical
conditions and viral variants that may benefit from mAbs for
the treatment of COVID-19. Outpatient strategies to decrease
the rate of hospitalization and death are imperative to reduce
the disease burden caused by SARS-CoV-2 and as such also
supports the investment of funds for the development of infu-
sion infrastructure.

Learning points

The use of neutralizing antibodies has a potential utility as a
treatment option for COVID-19 and clinical trials are under-
way to determine the optimum strategic use. The emergence of
viral variants is a limiting factor for the treatment with mAbs
and should be kept in consideration while using the mAbs.
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