Effective use of monoclonal antibodies for treatment
of persistent COVID-19 infection in a patient
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SUMMARY

As we are over a year into the COVID-19 pandemic, we
have made many forward strides in therapeutics. These
treatments, such as monoclonal antibodies, have help
mitigate the detrimental and often fatal consequences
of COVID-19. The current indication for the use of
monoclonal antibodies is mild to moderate COVID-19
infection within 10 days of symptom onset in those

who are at high risk of progression to severe disease.
However, their role in patients with prolonged symptoms
is not clear. We present a unique case of monoclonal
antibodies use after 54 days of symptom onset in an
immunosuppressed patient with persistent COVID-19
infection despite standard treatment. This case illustrates
the potential use of monoclonal antibodies outside

of the current recommended therapeutic window in
immunosuppressed patients, who may have difficulty
with viral clearance.

BACKGROUND
COVID-19 is an emergent infectious disease
caused by the SARS-CoV-2. With the diagnosis of
COVID-19, there is concern for progression to
acute respiratory failure, which can be fatal. World-
wide, there has been over 110 million cases with
2.5 million deaths thus far.! As we pass the anniver-
sary of the first reported case and encounter of the
emerging variants, there have been many advances
in the treatment of COVID-19, including the use
of passive immunity with monoclonal antibodies
which is most effective early in the disease process.”
On 21 November 2020, the Food and Drug Admin-
istration (FDA) granted emergency use authorisa-
tion (EUA) of monoclonal neutralising antibodies
for the treatment of mild to moderate COVID-19
in patients who are at high risk of developing severe
infection within 10 days of symptom onset.>™
Though we now have guidelines for the use of
monoclonal antibodies in early COVID-19, there
are still limited data on how to treat those beyond
10 days of symptoms. Patients who are immunosup-
pressed present a particularly difficult challenge as
they are unable to mount their own immune defence
against COVID-19, and thus have a prolonged and
indolent course.

CASE PRESENTATION

A 35 year-old man presented via telehealth on 7
February 2021 with persistent fevers and malaise
after a recent hospitalisation related to COVID-19
pneumonia. His history is significant for thymoma

with metastasis to the pleura, which had previ-
ously been treated with chemotherapy and multiple
surgical interventions including radical thymec-
tomy complicated by bilateral phrenic nerve injury
requiring diaphragmatic plication. For myasthenia
gravis refractory to standard treatment, he receives
rituximab two times per year (last given October
2020), which controls his symptoms.

He initially experienced upper respiratory symp-
toms on 25 December 2020 and was prescribed a
course of levofloxacin by his primary care provider.
Symptoms continued and progressed to fever thus
prompting an urgent care visit on 31 December
2020, where he was prescribed antitussives.
COVID-19 testing was not performed at that time
due to limited availability. Because of persistent
fevers, he returned to the urgent care centre and
tested positive for COVID-19 by PCR on 3 January
2021. He was given a course of azithromycin for
possible superimposed bacterial pneumonia with
initial improvement. Fevers recurred, and the
patient was referred to our outpatient teleservice,
the Coronavirus-related Outpatient Work Naviga-
tors (CROWN) Programme, on 12 January 2021.°
At this visit, it had been 19 days since symptom onset,
and therefore he was not a candidate for monoclonal
antibodies. During his outpatient course, he was
treated with intravenous fluids, prophylactic dose
of rivaroxaban and empirical course of antibiotics.
Despite these treatments, the patient continued to
have cough and persistently high fevers to 39.2°C.
He was noted to have an oxygen saturation of 88%,
requiring supplemental oxygen. Remdesivir and
dexamethasone were started on 24 January 2021 as
an outpatient, but because of progressive dyspnoea,
the patient was admitted to the hospital. During
his hospitalisation, he completed a 5-day course of
remdesivir and a 10-day course of dexamethasone.
He also received amoxicillin/clavulanate to cover
empirically for possible bacterial pneumonia, which
was later discontinued given low procalcitonin and
negative blood and sputum cultures. On discharge,
he no longer required oxygen and appeared to be
improving until he had a recurrence of fever up to
39.6°C on 6 February 2021.

INVESTIGATIONS

Notable laboratory investigations included white
cell count 5.33%10%/L, haemoglobin 144 g/L,
platelet count 305x10’/L and C reactive protein
17.65 mg/dL. Procalcitonin was 0.10 ng/mL during
hospitalisation. D-dimer was initially 386 pg/L
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Figure 1
glass opacities in the setting of an active COVID-19 infection.

D-dimer units (DDU) on 13 January 2021 and peaked at 2288
ug/L DDU on 25 January 2021.

Ultrasound of lower extremities showed a right soleal deep
vein thrombosis (DVT). CT angiography of the chest showed
bilateral ground-glass opacities and consolidation consistent with
COVID-19 pneumonia but no pulmonary embolism was identi-
fied (figure 1). Infectious workup included (1,3)-B-d-glucan <31
pg/mL, Aspergillus galactomannan antigen <0.500 index, as
well as blood and sputum cultures which had no growth.

The patient had initial positive COVID-19 PCR test on 3
January 2021 and had consistently positive results on 1 February
2021 and 15 February 2021. COVID-19 antibody test to the
nucleocapsid protein was negative on 7 February and 15
February.

DIFFERENTIAL DIAGNOSIS

Given the patient’s immunocompromised state, opportunistic
bacterial and fungal infections were considered as a poten-
tial cause for his persistent fevers and hypoxemic respiratory
failure. However, the patient was treated with multiple courses
of antibiotics without significant improvement, cultures were
negative, and a low procalcitonin and low (1,3)-B-d-glucan
decreased the likelihood of these infections. Though the patient
was found to have a DVT, thromboembolic disease was not felt
to be the cause of his fever since the DVT was small and distal.
Additionally, the D-dimer trended downwards, and pulmonary
embolism was not noted on CT angiography. Another diag-
nostic consideration was progression of his underlying meta-
static thymoma given the chronicity of symptoms and lack of
response to standard treatment for COVID-19, but the CT of
the chest did not show new nodules or any other features to
suggest malignant disease.

With various therapies received, transient improvement of
symptoms was noted but eventually fever and cough would
re-emerge. Ultimately, persistent SARS-CoV-2 infection was
suspected as he continued to test positive for COVID-19 by
PCR and had negative COVID-19 antibodies after 53 days of
symptom onset. The patient had received rituximab, depleting
him of B cells, suggesting that the patient’s persistent symptoms
and lack of response to therapy were due to an inability to mount
a sustained immune response.

CT of the chest. The patient’s CT of the chest shows post-surgical changes in the left hemithorax along with acute development of ground-

TREATMENT

Because of high suspicion of persistent SARS-CoV-2 infection,
therapy with monoclonal antibody was considered despite being
outside of the recommended therapeutic window. Compas-
sionate use of casirivimab-imdevimab, two non-competing
antibodies which target the receptor-binding domain of spike
protein on the SARS-CoV-2, was authorised by Regeneron and
EUA was granted by the FDA. The patient received the mono-
clonal antibody infusion on 16 February 2021, and he tolerated
it well.

OUTCOME AND FOLLOW-UP

The patient reported complete resolution of fever, cough and
malaise 24 hours after the monoclonal antibody infusion.
One week following the infusion, the patient had a negative
COVID-19 PCR. COVID-19 antibody testing to the nucleo-
capsid protein was negative, suggesting he was still unable to
mount his own antibody response, but the antibody to the spike
protein, the target of the monoclonal antibody, was positive. The
status of the spike protein antibody was not checked earlier in
the disease course as it was not available in our laboratory at the
time. The patient has since been doing well and has remained
symptom free for over 4 months post-infusion. A timeline of the
patient’s clinical course is depicted below (figure 2).

DISCUSSION

COVID-19 is an emergent infectious disease caused by
SARS-CoV-2 infection. Patients with pre-existing comorbidities
and immunosuppression may be at greater risk of developing
severe manifestations of SARS-CoV-2, including often fatal
respiratory failure.”™"® High-risk population includes those with
active malignancy, and receiving chemotherapy and disease-
modifying therapies for rheumatological or inflammatory condi-
tions. The course of the disease and clinical outcomes in this
group of patients are not well described. Some studies have
shown no significant difference in clinical outcomes compared
with the general population.!* However, other reports suggest a
more protracted and severe course, particularly in patients with
haematological malignancies and in those receiving anti-CD20
therapy.'>71¢
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TIMELINE OF CLINICAL COURSE
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Figure 2 Timeline. Graphic illustration of the patient’s COVID-19 course, including reported fevers indicated by the red thermometer, various
treatments and COVID-19 testing. CROWN, Coronavirus-related Outpatient Work Navigators; URI, upper respiratory infection.

Rituximab is a chimeric anti-CD20 monoclonal antibody that
effectively treats many haematological malignancies such as
chronic lymphocytic leukaemia and non-Hodgkin’s lymphoma
as well as several inflammatory and rheumatological condi-
tions such as granulomatosis with polyangitis and rheumatoid
arthritis."” ' Tt leads to the complete eradication of periph-
eral B lymphocytes, thereby suppressing B cell functions such
as immunoglobulin production. There are a few case reports
in the literature that have described patients on maintenance
therapy with rituximab who presented with prolonged symp-
toms of COVID-19, as in our patient.'*™® One study found a
high prevalence of severe disease and death due to COVID-19 in
patients with rheumatological disorders treated with rituximab
within the last 12 months. Of the 13 patients described, 61.5%
developed severe disease requiring hospitalisation. Among those
with severe disease, 62.5% fulfilled criteria for acute respira-
tory distress syndrome and three developed critical disease and
died.'

In most cases of COVID-19, virus-specific [gM and IgG are
detectable in the serum between 7 and 14 days after the onset of
symptoms.'® Patients with immunodeficiency or those who are
on active immunosuppressive therapy may fail to mount an anti-
body response. Similar to other cases reported in the literature,
our patient did not develop COVID-19 antibodies even after 7
weeks from the onset of symptoms.?’ 2! Rituximab suppresses
B cell lymphocyte function and therefore antibody production
which may be necessary to recover from the infection. Our case
supports the hypothesis described in other case reports that
patients on rituximab may experience persistent and severe
symptoms due to the inability to produce neutralising antibodies
secondary to B cell depletion.

Extensive workup was performed to exclude alternative aetiol-
ogies that could explain the persistent symptoms in our patient,
and were all negative including procalcitonin. However, the
sensitivity of procalcitonin decreases when patients are immu-
nosuppressed or leucopenic.”? Therefore, a low procalcitonin
in an immunosuppressed patient does not completely exclude

infection and the patient was empirically treated for possible
bacterial pneumonia. Ideally, a bronchoscopy with broncho-
alveolar lavage should have been performed to complete the
infectious workup. It was considered at the time of his hospi-
talisation. However, given the temporary clinical improvement
after starting remdesivir and steroids, it was not pursued. The
restrictions within our healthcare system to perform elective
outpatient procedures during the pandemic limited the ability to
perform a bronchoscopy once fevers recurred after the hospital
discharge.

The patient continued to test positive for COVID-19 by
PCR and had negative COVID-19 antibodies after 53 days of
symptom onset, suggesting that he had persistent COVID-19
infection without adequte immunological response. COVID-19
PCR tests can remain positive for days, weeks or even longer
periods of time. This can represent prolonged shedding of viral
fragments and may not necessarily represent ongoing infection
or infectivity.” However, in our case, the patient remained
symptomatic without the development of COVID-19 antibodies
favouring persistent infection instead.

The temporary clinical improvement during the patient’s
hospitalisation may be explained by the viral suppressive effects
of remdesivir. It is likely that this effect was not sustained because
remdesivir can only suppress viral load, but antibodies are neces-
sary to achieve viral clearance. One of the limitations of our case
is the inability to demonstrate ongoing SARS-CoV-2 infection.
The use of quantitative PCR testing and cycling threshold has
been described as a marker for viral load and infectivity.”* ** As
in many laboratories in the USA, the microbiology department
in our institution does not report this value. This is because it
remains unclear on how cycling threshold should be applied in
clinical settings and no standardisation exists across different
tests. In addition, cycling threshold has certain limitations, as it
can vary depending on the method of specimen collection, spec-
imen source, transport and the time from infection to collection
to analysis.”
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Currently, there are no clinical guidelines on how to manage
this subset of patients who have persistent COVID-19 infection.
Kos et al reported a case of a patient with lymphoma on therapy
with rituximab who had prolonged symptoms of COVID-19 and
improved after the administration of intravenous immunoglobu-
lins.'* There are similar reports of prolonged COVID-19 symp-
toms in patients on rituximab who showed rapid clinical recovery
after the use of convalescent plasma.”*** Convalescent plasma is
derived from individuals who had COVID-19 and mounted an

Patient’s perspective

As someone who had two serious medical conditions prior to
contracting COVID-19, | had experience with the overall decrease
in the baseline of my daily activity and general health. However,
it has been my personal experience that, since my gradual
decline, my body adapted...subconsciously acknowledging the
change in my inability to start my day the way | would ‘normally.’
My routine altered to adjust to my new situation. It now would
take 2 to 3 hours before | felt well enough to fully start my day in
the outside world. Before my illnesses, like most average, healthy
individuals, | would wake and feeling well was my ‘normal’,
and only when | felt a minor illness like a head cold would my
routine be out of the ordinary. With a severe illness, this becomes
inverted and your ‘new normal’ is waking with debilitating pain
or chronic exhaustion but it is barely acknowledged because
that's just how it is. It is only when you have a good day and
get out of bed and do not feel the exhaustion or whatever other
constant ailment that is always present upon waking up, that
you are shocked to realize the pain is absent and you are then
reminded. ..this is what my normal used to be. At that point it
becomes very clear that the pain is what you expect and feeling
good is a surprise...and a reminder of what you have lost.

Specifically, regarding my experience with COVID-19, almost
immediately after opening my eyes, it was a struggle to breathe.
For six weeks, there was a general decrease in my breathing. It
started with going up my stairs and having to sit on the bed to
regain my breath. At 35, even after having three bouts of stage
4 cancer, 3 months of chemotherapy and three subsequent
surgeries, along with an auto-immune disorder that wreaked
havoc on my neurological system...this was a terrifying, sudden
phenomenon. Over the course of the illness | ended up on
oxygen and adapted to the point where | didn't think about
needing the oxygen to breathe through the night or to move
around because this became yet another ordinary aspect of
my day. Then, | received this infusion. One day (not even 48
hours after the infusion) | woke up, took off the oxygen and
made coffee. Just as suddenly as my breathing struggles began,
they now faded. It took time for my mind to realize my body’s
improvement and that |, again, had a new normal.

My situation continues to improve, and aside from the
miracle of the pharmaceutical drugs | benefitted from having
administered, there is no doubt in my mind that an important
aspect of my treatment was confidence in my physicians. As
someone who has met with over 12 different doctors in a given
year, you begin to realize that some doctors you just ‘click with'.
There is no replacing the calming effect of knowing your only
responsibility is to stay alive because some person who you had
never met weeks before is one hundred percent committed to
your health. | very much doubt | would be writing this had | not
had the tremendous luck of being treated by the doctors at LL. |
am eternally grateful.

immune response against it and can be administered to provide
passive immunity for patients who develop acute SARS-CoV-2
infection. Another treatment using the neutralising effects of
the immune system is monoclonal antibodies against COVID-19
which currently includes bamlanivimab, bamlanivimab—etese-
vimab and casirivimab—imdevimab. The use of monoclonal
neutralising antibodies has been granted EUA by the FDA for
the treatment of mild to moderate COVID-19 within 10 days of
symptom onset in patients who are at high risk of progressing to
severe disease or hospitalisation. This includes individuals with
body mass index =35 kg/m?, chronic kidney disease, diabetes
mellitus, immunosuppressive disease, current use of immuno-
suppressive treatment, aged =65 or =55 years with cardio-
vascular disease, hypertension, chronic obstructive pulmonary
disease or other chronic respiratory disease.” * However, their
role in patients with prolonged symptoms is not clear and is not
currently part of the EUA by the FDA.

Despite treatment with dexamethasone and remdesivir earlier
in the disease course, our patient remained symptomatic with
persistent fever. We applied for compassionate use of the mono-
clonal neutralising antibodies (casirivimab—imdevimab) and was
granted EUA by the FDA which he received on day 54 of his
clinical course. Following the monoclonal antibody infusion, he
reported clinical improvement after 24 hours and fevers did not
recur. His subsequent COVID-19 PCR test was negative. The
nucleocapsid antibodies remained negative but demonstrated
positive antibodies to the SARS-CoV-2 spike protein after the
infusion, which is the target of the monoclonal antibodies.”
Antibodies to the SARS-CoV-2 spike protein were initially
unavailable in our laboratory but negative antibodies to the
SARS-CoV-2 nucleocapsid protein suggest that the immuno-
suppressive effects of rituximab prevented the patient’s native
antibody production. Active immunity would have produced
antibodies to both the SARS-CoV-2 nucleocapsid and spike
proteins, but the patient did not develop antibodies even on day
53 of symptoms. The patient’s recovery was likely due to passive
immunity via the infusion of monoclonal antibodies, as only
the SARS-CoV-2 spike protein was positive after the infusion.
Theoretically, it is feasible that only time was needed to achieve
clearance of SARS-CoV-2. However, the temporal relationship
between the infusion, symptomatic improvement and clearance
of SARS-CoV-2 by PCR is hard to ignore.

To the best of our knowledge, this is the first case in the liter-
ature to report clinical improvement after the use of monoclonal
neutralising antibodies in patients with prolonged COVID-19
symptoms with an inability to mount an antibody response due
to B cell suppression from rituximab use. Our case also high-
lights the potential benefit of the use of monoclonal antibodies
outside of the current recommended therapeutic window in

Learning points

» Persistent SARS-CoV-2 infection should be considered in
immunocompromised individuals with recurrent fever.

» Monoclonal antibody may have a role as a therapeutic
option in patients unable to mount an antibody response to
SARS-CoV-2.

» Monoclonal antibody infusion may be effective outside of the
usual recommended 10-day window from symptom onset in
immunocompromised patients with persistent COVID-19, but
further studies are needed to demonstrate their role in this
subset of patients.
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immunosuppressed patients who may have difficulty with viral
clearance, but further studies are needed to demonstrate their
role in this subset of patients.
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