
Abstract. Background/Aim: Anti-CD20-depleting monoclonal
antibodies predispose patients to the development of severe
disease of SARS-CoV-2 infection. These antibodies are given
as backbone or maintenance therapy in patients with
hematological malignancies and rheumatology diseases,
inducing effective B-cell depletion along with antibody-
dependent cell-mediated cytotoxicity (ADCC) and disrupting
infection-protective antibody responses. Case Report: We
describe two cases of prolonged SARS-CoV-2 infection with
common features, in two patients receiving anti-CD20
therapies, the first for chronic lymphocytic leukemia (CLL) and
the second for rheumatoid arthritis (RA). For CLL patient,
despite administration of antiviral therapy, signs and symptoms
of SARS-CoV-2 infection persisted for 43 days, with resolution
and lymphocyte recovery from day 33. For RA patient, despite
administration of two courses of antiviral therapy, signs and
symptoms of SARS-CoV-2 infection persisted for 47 days,
without resolution and lymphocyte recovery, leading to a fatal
outcome due to acute respiratory distress syndrome (ARDS)
and unspecified sepsis. Conclusion: These two cases highlight
the risk for persistent SARS-CoV-2 infection in patients treated
with anti-CD20 monoclonal antibodies and support a role for
cellular immunity recovery for disease control.

For most immunocompetent patients, infection from SARS-
CoV-2 is resolved within 1-3 weeks after the onset of
symptoms and virus replication is cleared (1). Pre-existing
immunocompromise is significantly associated with
increased risk of severe disease (2). Also, variable time to
recovery and infectious viral shedding for >2 months has
been reported in immunocompromised patients (3, 4). The
role of ongoing viral infection and evolution versus a
secondary heightened inflammation after viral replication for
the development of severe COVID-19 is under investigation
in patients with severe immunosuppression (5, 6). Cases of
prolonged and severe SARS-CoV-2 infection with humoral
immune deficiencies related to chronic lymphocytic
leukemia (CLL) have been described (7). Also, patients with
immune-mediated inflammatory diseases like rheumatoid
arthritis (RA) are also more vulnerable to represent severe
SARS-CoV-2 infection (8).

Case Report

The first case is a 55-year-old female with CLL on
obinutuzumab, presented to the emergency department with
an approximate 7-day history of fever up to 40˚C and
myalgias. On day 1 of illness, she was diagnosed with
COVID-19, after positive SARS-CoV-2 nasopharyngeal swab
antigen immunoassay. The clinical course is outlined in Figure
1. On day 7 vital signs demonstrated an oxygen saturation of
91% on room air, heart rate of 102, temperature of 38.2˚C, and
blood pressure of 135/89. Her medical history included CLL
diagnosed 5 years ago, enterectomy of small intestine due to
bowel obstruction, perforation, and peritonitis 4 years ago, and
anxiety disorder. She had no history of underlying lung
disease. The patient’s medication list included obinutuzumab
and citalopram, and she was vaccinated with 3 doses of Pfizer-
BioNTech coronavirus mRNA vaccine, with the last dose 3
months before COVID-19 infection. She had a known allergy
to cefuroxime and was an ex-smoker. On examination, she
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was dyspneic with fine crackles during aspiration. She had
normal abdominal, neurologic, musculoskeletal, and skin
exams. A chest radiograph revealed bilateral patchy opacities
(Figure 2a). A computed tomography pulmonary angiogram
(CTPA) identified multifocal patchy ground glass opacities
(GGO) in both lungs without evidence of focal pneumonia,
pulmonary abscess, or embolism (Figure 2b). Pneumonia was
diagnosed based on clinical symptoms and radiographic
findings on admission, and the patient was hospitalized with
low supplemental oxygen needs (5 l/min).

On Day 7, initial laboratory testing revealed anemia with
hemoglobin of 10.7, leukopenia with a leukocyte count of
3.30 (×103/μl), lymphopenia with a lymphocyte count of
0.57 (×103/μl), a platelet count of 292 (×103/μl), and normal
renal and hepatic function. Acute inflammation biomarkers
were increased (CRP=11.77 mg/dl, fibrinogen=459 mg/dl,
ferritin >2,000 ng/ml), with d-dimers=1.61 μg/ml and
LDH=559 IU/l, while procalcitonin was negative. She
received antiviral treatment for SARS-CoV-2 with remdesivir
for 5 days, immunomodulation treatment with dexamethasone,
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Figure 1. Timeline of COVID-19 illness from symptom onset, disease progression and treatment course for both patients. CLL, Chronic lymphocytic
leukemia; RA, rheumatoid arthritis; CTPA, computed tomography of the chest; GGO, ground glass opacities; COVID-19, coronavirus disease 2019;
IgG, immunoglobulin G; NP, nasopharyngeal; PCR, polymerase chain reaction; MV, mask venturi; NRM, non-rebreathing mask.



antimicrobial treatment with ceftriaxone, and prophylactic
anticoagulation therapy. The patient was afebrile and
hemodynamically stable with low oxygen needs (2 l/min).
On day 16 a low-grade fever up to 37.8˚C was recorded,
reaching up to 39˚C until day 18 with no respiratory
worsening. On day 19 a new CTPA was performed which
was negative for pulmonary embolism, where GGO
infiltrates and stripped atelectasis were identified again with
a new ozomophic lesion in the periphery of right upper lobe
(RUL) (Figure 2c). On day 21, the lymphocyte count
dropped to 0.60 (×103/μl) forming a plateau until day 41,
and oxygen requirements started to increase (MV50%) from
day 26. Blood cultures, urine cultures, respiratory viral PCR
panel, and serum fungal biomarkers did not reveal any
bacterial, fungal, or viral infection. Procalcitonin was still
negative while CRP (≥0.7 mg/dl) and d-dimers (≥0.5 μg/ml)
were positive. On day 30, a third CTPA was performed but now
old diffuse GGO infiltrates were increased bilaterally, and new
thickening lesions were identified with peripheral location
(Figure 2d). Also, on day 30 serum immunoglobulin A (76.1
mg/dl), G (277 mg/dl), and M (18.3 mg/dl) levels were low and
the patient had a positive nasopharyngeal swab for SARS-CoV-
2 by nucleic acid amplification at cycle threshold ct22/22. Until
day 30, the patient consecutively received 4 empiric courses of
antibiotics for presumed superimposed bacterial pneumonia; the
first course consisted of piperacillin/tazobactam, the second
with meropenem and vancomycin, the third with meropenem
together with daptomycin, amikacin and anidulafungin, and the
fourth with ceftazidime/avibactam, colistin, vancomycin,

sulfamethoxazole/ trimethoprim and isavuconazole. On day 30,
the patient was put on a non-rebreathing mask (100%) and was
intubated due to worsening respiratory failure. The patient
remained in the ICU for 2 weeks where amikacin was added in
the existing antibiotic treatment. The patient recovered gradually
and was successfully weaned off mechanical ventilation on
day 41 and all antibiotics were stopped on day 43. Repeated
nasopharyngeal swabs for SARS-CoV-2 by nucleic acid
amplification were positive at cycle threshold ct24/22 and
28/27 on day 37 and 46, respectively. The patient exited the
ICU on day 43 with low oxygen needs (2 l/min) and was
discharged from the hospital on day 52 with an SpO2=96%
on room air. On the last day of hospitalization, a chest CT
was performed where old GGO lesions were diminished and
a residual ozomophic lesion was still depicted in the anterior
segment of RUL (Figure 2e). The patient had no other
known medical risk factors for prolonged SARS-CoV-2
infection except CLL treated with the anti-CD20 antibody
obinutuzumab every month, with the last course performed
one month before hospitalization (Figure 1).

The second case is a 73-year-old female with rheumatoid
arthritis (RA) on rituximab, presented to the emergency
department with an approximate 2-day history of fever up to
38.5˚C, weakness and fatigue. On day 1 of the illness, she
was diagnosed with COVID-19 by a positive SARS-CoV-2
nasopharyngeal swab antigen immunoassay. The clinical
course is outlined in Figure 1. On day 3 vital signs were
notable for an oxygen saturation of 93% on room air, heart
rate of 95, temperature of 38˚C, and blood pressure of
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Figure 2. Radiographic imaging of the first patient during COVID-19 illness. (a) Chest radiograph on day 2 of illness with bilateral hazy opacities.
(b) Computed tomography pulmonary angiogram (CTPA) on day 2 of illness with bilateral ground glass opacities (GGO) infiltrates. (c) CTPA on
day 12 of illness with GGO infiltrates and stripped atelectasis with a new ozomophic lesion in the periphery of right upper lobe (RUL). (d) CTPA
on day 23 of illness with old GGO infiltrates increased in both lungs and new condenser hobs with peripheral location. (e) Chest CT on day 43 of
illness with old GGO infiltrates diminished and a residual ozomophic lesion still depicted in anterior segment of RUL.



145/85. Her medical history included RA, hypothyroidism,
arterial hypertension, and dyslipidemia. She had no history
of underlying lung disease. The patient’s medication list
included rituximab infusion every 6 months, levothyroxine,
irbesartan, metoprolol, rosuvastatin, while she was
vaccinated with 3 doses of Pfizer-BioNTech coronavirus
mRNA vaccine, with the last dose 4 months before COVID-
19 infection. She had no known allergies, and no tobacco or
alcohol use. On examination, she was dyspneic with a dry
cough and diminished bibasilar breath sounds and crackles.
She had normal abdominal neurologic, musculoskeletal, and
skin exams. A chest radiograph revealed bilateral patchy
opacities (Figure 3a). A CTPA identified subpleural
ozomorphic infiltrates in the posterior segment of RUL and
right lower lobe (RLL) and stripped fibro-atelectatic
elements without evidence of focal pneumonia, pulmonary
abscess, or embolism (Figure 3b). Pneumonia was diagnosed
based on symptoms and radiographic findings on admission
and the patient was hospitalized, with low needs of
supplemental oxygen (2 l/min). 

On day 3, initial laboratory testing revealed hemoglobin
levels equal to 12.0, leukopenia with a leukocyte count of 3.87
(×103/μl), lymphopenia with a lymphocyte count of 0.98
(×103/μl), a platelet count of 218 (×103/μl), and normal renal
and hepatic function. Acute inflammation biomarkers, d-dimers
and LDH were normal and procalcitonin was negative. She
received antiviral treatment for SARS-CoV-2 with remdesivir
for 5 days, immunomodulation treatment with dexamethasone,

antimicrobial treatment with ceftriaxone, and prophylactic
anticoagulation therapy. The patient was afebrile and
hemodynamically stable with no oxygen need. On day 15, the
lymphocyte count dropped further to 0.68 (×103/μl) with the
lowest count of 0.13 (×103/μl) on day 27 forming a plateau
until day 49, without rebound. On day 16, she had a low-grade
fever up to 37.5oC reaching up to 38.3˚C on day 17, with
respiratory failure and increased oxygen requirements
(MV40%). On day 21, a new CTPA was performed where new
lesions were identified with multifocal patchy GGO infiltrates
in both lungs (Figure 3c). Blood cultures, urine cultures,
respiratory viral PCR panel, and serum fungal biomarkers did
not reveal any bacterial, fungal, or viral infection. Procalcitonin
was still negative while CRP (≥0.7 mg/dl) and d-dimers (≥0.5
μg/ml) were positive. Until day 26, the patient consecutively
received 2 empirical courses of antibiotics for presumed
superimposed bacterial pneumonia; the first course consisted
of piperacillin/tazobactam and linezolid, and the second with
meropenem, amikacin, sulfamethoxazole/trimethoprim and
voriconazole. No clinical improvement was observed with any
of these interventions. On day 26, serum immunoglobulins
were normal, but due to a positive nasopharyngeal swab for
SARS-CoV-2 by nucleic acid amplification at cycle threshold
ct 29.95/30.9, a new 10-day remdesivir course was decided,
with daily anakinra and methylprednisolone as
immunomodulation treatment. On day 27, the patient was put
on a non-rebreathing mask (100%) and was intubated due to
worsening respiratory failure. The patient remained in the ICU
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Figure 3. Radiographic imaging of the second patient during COVID-19 illness. (a) Chest radiograph on day 3 of illness with bilateral hazy opacities.
(b) Computed tomography pulmonary angiogram (CTPA) on day 3 of illness with bilateral ground glass opacities (GGO) filtrates. (c) CTPA on day
21 of illness with new lesions of multifocal patchy GGO in both lungs.



for 3 weeks with a fatal outcome on day 50, due to ARDS and
unspecified sepsis. The patient had no other known medical
risk factors for prolonged SARS-CoV-2 infection except
treatment with the anti-CD20 antibody rituximab for RA every
six months, with the last course performed four months before
hospitalization (Figure 1).

The patient’s written consent was obtained from both
patients. The work conforms to standards currently applied
in Greece. We have followed the procedures in accordance
with the Helsinki Declaration.

Discussion

We encountered a case of a CLL patient with acquired
hypogammaglobulinemia, treated with one course of
remdesivir who was recovered from COVID-19 infection,
and a second case with RA, with normal serum
immunoglobulins treated consecutively with two courses of
remdesivir with no disease resolution. Comparing the kinetic
of lymphocyte counts between the two patients, along with
radiographic findings during the SARS-CoV-2 infection, an
interpretation for the disease progression could be applied
(Figure 1). In the first patient, lymphocyte drop was observed
5 days after the onset of fever and lasted for 20 days. In this
period, the patient was intubated due to respiratory failure but
after four empiric antibiotic treatments, she was weaned off
on day 41 and the lymphocyte count started to recover. In the
second patient after the initial remdesivir course and an
afebrile period of 12 days, lymphocyte drop was observed
along with fever on day 15. Antibiotic treatment was initiated
but lymphocytes continued to drop until day 27, where a
nadir count was noticed, and patient required mechanical
ventilation due to severe respiratory failure. Then a second
remdesivir course was given to the patient, but lymphocyte
count formed a plateau until day 50, without any recovery
and with fatal disease outcome. 

Chronic lymphocytic leukemia (CLL) is characterized by a
multifactorial disease-inherent immunodeficiency (9). This
immune dysregulation drives CLL patients to develop more
severe courses of COVID-19 infections especially when under
additional immunosuppression by chemoimmunotherapy (10).
Differential risk of adverse clinical outcomes has been reported
depending on the type of CLL treatment especially with anti-
CD20 monoclonal antibodies, while other targeted therapies
might have protective effects against COVID-19 by attenuating
hyperinflammatory responses (11, 12). Also, differential risk of
adverse clinical outcomes has been described among patients
with systemic rheumatic disease based on the type of biological
agents received (13). Particularly, for anti-CD20 monoclonal
antibodies like rituximab, which have been associated with
dampened humoral response and infectious complications,
lethal COVID-19 cases have been described in patients with
RA (14, 15).

The impact of prior rituximab therapy, given in adults for
any indication, has shown that the median time between
rituximab administration and COVID-19 diagnosis was not
significantly different between those who developed
antibodies and those who did not (16). In cancer patients,
significantly lower seroconversion was observed in patients
with hematologic malignancies, including those who
received anti-CD20 antibody treatment and stem cell
transplants (17). Also, seroconversion in patients with RA is
influenced by the background therapy, particularly for
patients being treated with rituximab (18).

The potential importance of humoral responses for SARS-
CoV-2 clearance and illness resolution is supported by several
clinical reports (19, 20), while others indicate that
development of neutralizing antibodies may not be necessary
for recovery from COVID-19 infection (16). Also, in patients
with inherited agammaglobulinaemia, the COVID-19 infection
has shown a mild clinical course, implying that protection
from severe COVID-19 may be rather independent of serum
IgG (21).

Inside a complex inflammatory milieu, persistent adaptive
immune activation has been described in cases with SARS-
CoV-2 infection leading to lymphocyte exhaustion (22). This
T-cell functional exhaustion has been correlated to viral disease
progression, rapid decompensation, and life-threatening disease
(23). On the contrary, less immunocompromised and non-
lymphopenic cancer patients may response adequately, with
cytotoxic T lymphocytes and natural killer cells being crucial
for the control of viral infection (24). Recently, it was reported
that in severe COVID-19 patients the reduction of T-cell count,
shifting from a status of hyperactivation to one of exhaustion
by the unleashed inflammasome activation, rapidly increased
levels of PD-1 (25-27). The potential role of PD-1/PD-L1 axis
in COVID-19 infection suggests a prognostic role of PD-L1
and provides a rationale to implement novel clinical therapeutic
approaches in COVID-19 patients, with targeted therapies that
could manipulate T cells responses (27-29).

Additional research is needed to further investigate the
role of adaptive immunity, cellular and humoral, in
controlling SARS-CoV-2 infection and establish optimal
treatment strategies especially for patients treated with B-
cell-depleting therapies.
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