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A 55-year-old man with hypogammaglobulinemia due to
previous rituximab treatment developed persistent corona-
virus disease 2019 pneumonia. Treatment with REGN-COV2
(casirivimab and imdevimab) resulted in the clearance of the
infection. Targeted antiviral antibodies may be an important
weapon in the management of immunocompromised patients
infected with severe acute respiratory syndrome coronavirus 2
who fail to mount an immune response.
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Coronavirus disease 2019 (COVID-19), caused by infection
with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), is a global pandemic with significant morbidity and
mortality. Although age, sex, comorbidities, and ethnicity are
risk factors for adverse outcomes [1], various preexisting condi-
tions, including hematological cancers, have also been reported
to correlate with poor outcomes [2]. Anti-CD20 monoclonal
antibodies such as rituximab represent the cornerstone of treat-
ment of most patients with B-cell malignancies and, to a lesser
extent, patients with autoimmune disease [3, 4]. Anti-CD20
treatment is associated with a risk of prolonged humoral immu-
nodeficiency, which can last years and can hamper the ability
to mount an antibody response to infection [5]. Nonsustained
hypogammaglobulinemia after treatment with rituximab can
persist for 42 months, while around 4% of patients had never
recovered CD20 cell function [6]. A treatment standard for
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patients who fail to mount an antibody response to COVID-19
is yetto be defined. Convalescent plasma has been reported to be
used in such patients with limited benefits [7]. We report a case
of a 55-year-old man with severe hypogammaglobulinemia, fol-
lowing treatment for mantle cell lymphoma with a rituximab-
containing regimen, who developed persistent SARS-CoV-2
infection and was treated successfully with REGN-COV?2 anti-
body after failing to clear the infection.

CASE REPORT

Our patient is a 55-year-old man with a history of mantle
cell lymphoma in remission after treatment with hyper-
fractionated cyclophosphamide, vincristine, doxorubicin,
and dexamethasone alternating with high-dose cytarabine
and high-dose methotrexate (Hyper-CVAD) and rituximab
maintenance concluded in 2015. He subsequently developed
hypogammaglobulinemia managed with monthly intrave-
nous immunoglobulin (Gamunex-C 65 g). He developed fever,
nausea, diarrhea, and generalized weakness in the first week
of December 2020. On 12 December 2020, he tested positive
for SARS-CoV-2 by high-sensitivity polymerase chain reaction
(PCR) (nasal swab) and was subsequently admitted to hos-
pital for COVID-19 pneumonia where he completed a course
of remdesivir and dexamethasone. His hospital stay was une-
ventful, and he was discharged after 5 days.

However, the patient continued to have fever, diarrhea, and
weakness and lost 13.6 kg (30 Ibs) over the next 4 weeks. He
developed progressive dyspnea with exertion and his blood ox-
ygen saturation decreased to 91% on room air. Empiric therapy
with azithromycin and then amoxicillin-clavulanate did not im-
prove his symptoms. A SARS-CoV-2 antibody test (Abbott anti-
nucleocapsid immunoglobulin G) performed on 19 January 2021
was negative. Serum levels of immunoglobulins A, G, and M at
that time were <10 mg/dL, 479 mg/dL, and <20 mg/dL, respec-
tively. COVID-19 high-sensitivity reverse-transcription PCR
tests from nasopharyngeal swabs done on 2 different platforms
on 22 and 29 January 2021 were negative. Contrast-enhanced
computed tomography of the chest, abdomen, and pelvis done
on 3 February 2021 showed bilateral diffuse ground-glass appear-
ance consistent with COVID-19 pneumonia and no evidence of
recurrence of lymphoma. Clostridioides difficile was ruled out
given persistent diarrhea. To rule out other pathogens, a bron-
choscopy was done on 5 February 2021. Legionella, Pneumocystis
jirovecii, fungal pathogens, acid-fast bacilli, influenza, parainflu-
enza, respiratory syncytial virus, Bordetella pertussis, Chlamydia
pneumoniae, and Mycoplasma pneumoniae were ruled out. Other
coronaviruses were excluded as well. The bronchoalveolar lavage
sample was positive for SARS-CoV-2 by high-sensitivity PCR
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with cycle numbers of 29.9 of 40 cutoff, performed on Cepheid
GeneXpert, thus confirming the diagnosis of COVID-19 pneu-
monia. At that time his oxygen saturation was 90% at rest and
decreased to 85% with ambulation of 50 feet.

Given the deteriorating clinical picture, an emergency author-
ization was obtained from the US Food and Drug Administration
(FDA) for the use of REGN-COV2, and the patient was given
the infusion of casirivimab 1200 mg and imdevimab 1200 mg
on 9 February 2021 and was under observation for 1 hour
without any complications or adverse effects during or following
the therapy. His fevers resolved within 12 hours of treatment.
Within 36 hours he no longer had diarrhea. On 11 February
2021, his oxygen saturation was 99% at rest and dropped to 92%
while ambulating 200 feet but returned to 99% within 2 minutes
of rest. On 18 February 2021, he reported marked improvement
in his stamina, appetite, and ability to ambulate. He was able to
walk 200 feet and climb 2 flights of stairs without desaturation
below 95%. On 1 March 2021, repeat bronchoscopy was negative
for SARS-CoV-2 by high-sensitivity PCR. The patient reported
complete recovery to preinfection baseline (Figure 1).

DISCUSSION

As the SARS-CoV-2 pandemic swept across the globe, there was
an effort to find effective treatments for COVID-19. Although
thousands of papers were published, the experience with man-
aging severely immunocompromised patients is still scant. We
report a case of successful treatment of persistent COVID-19
infection in a patient with acquired humoral immune defi-
ciency due to treatment with anti-CD20 antibody rituximab for
a diagnosis of mantle cell lymphoma, who failed to mount an
antibody response to COVID-19 infection.

Anti-CD20 monoclonal antibodies such as rituximab not
only deplete malignant B lymphocytes but also their normal
counterparts, and therefore impair humoral immunity [5].
Patients with prior rituximab exposure are known to be poor
responders to various types of vaccinations including in-
fluenza viruses, Haemophilus influenzae, and Streptococcus
pneumoniae [8, 9]. In general, these patients have a higher
risk of infections, both bacterial and viral, as demonstrated
previously [10]. While some individuals with COVID-19 have
a mild prolonged course and eventually develop antibodies
[11], others may develop a more ominous course. While the
dynamics of T-cell and B-cell responses in successfully con-
trolling this viral infection are not fully understood, there may
be lack of coordination within the adaptive immune system
with rituximab affecting the naive B cells in the blood (which
seem to be the source of neutralizing antibodies in COVID-
19), resulting in an ineffective response [12].

The impact of COVID-19 on immunodeficient individuals
and the optimal treatment modality is still unclear. There have
been reports of patients after B-cell depletion therapy or with
hypogammaglobulinemia who cleared SARS-CoV-2 infec-
tion on their own; however, other patients undergoing recent
rituximab therapy had severe and prolonged COVID-19 infec-
tions with persistent detectable virus [5].

Treatment modalities such as remdesivir, dexamethasone,
and convalescent plasma [13-15] have shown benefit in the
general population. Convalescent plasma therapy has also been
used in the general population of COVID-19 patients with a
benefit when used with high antibody titer early (within 3 days
of symptoms) [7], but did not show a mortality benefit when
given late or as low titer [16, 17]. Since, in immunocompetent
patients, higher antigen load would drive up the antibody titers
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Course of illness. Abbreviations: BAL, bronchoalveolar lavage; COVID, coronavirus disease 2019; CT, computed tomography; PCR, polymerase chain reaction;

RGEN-CQV2, casirivimab and imdevimab; SARS, severe acute respiratory syndrome coronavirus 2; Sp0,, oxygen saturation.
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to control infection, the monoclonal antibodies might provide a
much-needed booster in immunocompromised patients.

REGN-COV2, manufactured by Regeneron Pharmaceuticals,
is a combination of 2 SARS-CoV-2 monoclonal antibodies,
casirivimab and imdevimab. These antibodies target the
receptor-binding domain of the SARS-CoV-2 spike protein,
thereby preventing viral entry into human cells through the
angiotensin-converting enzyme 2 receptor. REGN-COV?2 is a
synthetic drug, unlike convalescent plasma, which is obtained
from a human donor, thus eliminates transfusion-related com-
plications. REGN-COV?2 is in phase 3 clinical trials and has
been authorized by FDA for emergency use for patients with
mild to moderate COVID who have a high risk of propagating
to severe disease and hospitalization [18]. REGN-COV2 is not
authorized for use in patients who are hospitalized, or in those
who require oxygen therapy. REGN-COV?2 is not approved yet
for routine clinical use. Efficacy and safety are not yet fully es-
tablished [18].

The pivotal study by Weinreich et al, which led to the approval
of REGN-COV2, showed that REGN-COV2 enhanced clear-
ance of virus, particularly in patients in whom an endogenous
immune response had not yet been initiated or who had a high
viral load at baseline [19]. REGN-COV?2 has shown in a clinical
trial to reduce COVID-19-related hospitalization of emergency
room visits in patients at high risk for disease progression within
28 days after treatment when compared to placebo [18].

Our patient showed persistent symptoms of fever, diarrhea,
weight loss, and generalized weakness. His symptoms persisted
for >2 months and worsened even after initial hospitalization
and treatment with remdesivir and dexamethasone. His lung
function deteriorated to the point of requiring oxygen therapy
and he lost 15% of his bodyweight, leading to severe general-
ized weakness and inability to function. Treatment with REGN-
COV2 led to an immediate resolution of most symptoms, rapid
improvement in respiratory function and functional capacity,
and ultimately clearance of the infection.

This case demonstrates the potential of REGN-COV?2 to sig-
nificantly alter the course of illness in immunocompromised
patients. We believe REGN-COV?2 is a promising treatment
option for immunocompromised patients who are unable to
mount a humoral immune response. It should be deployed early
in the course of the illness or as soon as it is established that a
patient is unable to develop antibodies against SARS-CoV-2. It
is not yet known if this product would provide any long-term
protection from reinfection. In this regard, it may be useful to
evaluate the potential for REGN-COV?2 to affect long-term pas-
sive immunity to SARS-CoV-2 in patients with humoral immu-
nity defects.
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