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Abstract. Severe cases of COVID-19 are being reported in patients with comorbidities and drug-induced immuno-
suppression. The risk seems to depend on the type of immunosuppressive agents used, and it is particularly high with rit-
uximab because of its long-lasting effects. We report a 71-year-old man with COVID-19, mantle cell lymphoma, and
rituximab-associated immunodeficiency. His COVID-19 clinical course was severe, unremitting, prolonged, and with fre-
quent acute exacerbations requiring hospitalization. Viral shedding and failure to develop anti-severe acute respiratory
syndrome coronavirus 2 antibodies continued for at least 6 months.

INTRODUCTION

COVID-19 has caused more than 4.4 million deaths world-
wide.1 Patients with comorbidities and medication- or
underlying disease process-induced immunosuppressive
conditions including HIV, cancer, and organ transplanta-
tion are at greater risk for a severe course of COVID-19.2,3

Differences in the COVID-19 clinical course between immu-
nocompetent and immunosuppressed patients are not well
established.4 In drug-induced immunosuppression, the risk
seems to depend on the type of immunosuppressive agents
used, and is especially high with rituximab, which may be a
result of its long-lasting effects,5,6 but more data related to
these risks are needed.
Rituximab is an anti-CD20 monoclonal antibody targeting

pre-B and mature B cells.7 Rituximab also seems to effect
T-cell function, disrupting communication between B cells and
T cells, T-cell activation, and other immunomodulatory func-
tions.8 Rituximab is widely used in patients with hematological
malignancies and autoimmune disorders, including mantle cell
lymphoma, chronic lymphocytic leukemia, immune thrombocy-
topenia, antineutrophil cytoplasmic antibody-associated vas-
culitis, rheumatoid arthritis, systemic sclerosis, and systemic
lupus erythematosus.9 Rituximab was the top-selling oncology
drug, with sales reaching USD $8.58 billion in 2016. Wide-
spread use of rituximab and biosimilars will likely continue.10

Rituximab induces killing of CD20-positive cells directly via
complement-mediated cytotoxicity and antibody-dependent
cell-mediated cytotoxicity, and indirectly via apoptosis, structural
changes, and increasing sensitivity of cancer cell to chemother-
apy.11 The half-life of rituximab is long (approximately 3 weeks)
and B-cell depletion effects persist for 6 to 12 months.12,13

We describe a case of unremitting COVID-19 with persis-
tent viral shedding in a patient with lymphoma and rituxi-
mab-associated immunodeficiency who experienced clinical
worsening late in his clinical course. Moreover, he dem-
onstrated ongoing replication of infectious severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) for at
least 6 months.

CASE PRESENTATION

A 71-year-old man presented to our hospital on October
21, 2020 with 4 days of cough. A nasopharyngeal swab was
collected, and he was diagnosed with COVID-19 via reverse
transcription–polymerase chain reaction (RT-PCR).
His medical history was significant for mantle cell lym-

phoma, diagnosed in 2013, which was immunohistochemi-
cally positive for CD20, CD5, BCL2, and cyclin D1. He was
treated initially with rituximab; cyclophosphamide, doxorubi-
cin, vincristine, and prednisone therapy; and autologous
bone marrow transplantation.
On disease recurrence in 2018, the patient was treated

with salvage therapy of rituximab plus bendamustine for six
cycles, then was continued on maintenance therapy with rit-
uximab dosed every 3 months. His last dose of rituximab was
delayed because of COVID-19-related lockdowns and travel
restrictions. He was diagnosed with COVID-19 4 months after
receiving his last dose.
On presentation, the patient’s vital signs were stable, includ-

ing 98% oxygen saturation on room air. Physical examination,
chest radiograph, and laboratory findings were unremarkable.
Computed tomography (CT) of the chest showed only a small
area of ground-glass opacity in the left upper lobe (Figure 1).
Despite mild symptoms, the patient was hospitalized for clinical
monitoring because of his risk profile. He was treated with favi-
piravir for 5 days in accordance with our national COVID-19
treatment guide, low-molecular weight heparin for antithrom-
botic prophylaxis related to COVID-19,14 and was discharged
to home quarantine on day 7.
After 18 days, the patient returned to the emergency depart-

ment with fever and dyspnea. His vital signs were as follows:
temperature, 38.2�C; heart rate, 102 beats/min; blood pressure,
130/86 mmHg; and oxygen saturation, 96% on 2 L/min oxygen
therapy by nasal canula. C-reactive protein (CRP) was elevated
at 33.4mg/L, and ferritin at 527ng/mL. His lymphocyte count
was depleted to 710 lymphocytes/mL. Chest CT showed pro-
gressive, bilateral ground-glass opacities predominantly in the
left upper lobe, although the patient still had only minimal respi-
ratory symptoms (Figure 1). We commenced treatment again
with favipiravir, as well as dexamethasone 6mg/day and cefo-
perazone with sulbactam for probable bacterial coinfection.
After 5 days of continued fever, the patient’s antibiotics were

changed to meropenem plus linezolid because of suspected
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hospital-acquired infection. CRP was elevated at 64.2mg/L;
ferritin, at 1,650ng/mL. Blood cultures showed no bacterial
growth. COVID-19 was thought to be the cause of fever, so
remdesivir and pulse corticosteroid therapy (120mg/day pred-
nisolone) were started (day 23). The fever subsequently
improved to less than 38�C, and CRP and ferritin levels
decreased slightly. RT-PCR examination for SARS-CoV-2 was
negative.
Unfortunately, the patient’s fever recurred 2 days later. A

chest X-ray showed that the pneumonia had gradually wors-
ened, and laboratory results revealed that his inflammatory
markers were again extremely elevated. Treatment with ana-
kinra, an interleukin 1 antagonist, was initiated, which further
depleted his lymphocyte count to 200 lymphocytes/mL.
Repeat RT-PCR for SARS-CoV-2 was again positive. Anti-
bodies to SARS-CoV-2 were not detected on serological
testing with EUROIMMUN anti-SARS-CoV-2 IgG ELISA.
Rituximab-related B-cell depletion was thought to be the
cause of lymphocytopenia, so 2 U of convalescent plasma
were transfused. Despite these treatments, the patient’s fever
continued and his oxygen requirement increased to a
high-flow nasal cannula (HFNC) at 50L/min, so he was trans-
ferred to the intensive care unit (ICU) on day 38. Repeat CT
revealed bilaterally disseminated ground-glass opacities and
a crazed paving pattern with areas of consolidation (Figure 1).
The patient was maintained on noninvasive mechanical ven-

tilation and HFNC interchangeably. His fever continued inter-
mittently, but blood, sputum, and deep tracheal aspiration

cultures; Aspergillus; Pneumocystis jirovecii; and cytomegalo-
virus PCR were all negative. Repeat SARS-CoV-2 RT-PCR
showed persistent positive results (Figure 2). His IgG IgM
levels decreased to 627mg/dL and 31.1mg/dL, respectively.
Intravenous immunoglobulin (IVIG) therapy was initiated in
the ICU as an adjunctive drug for possible attenuation of
inflammatory responses.15 His oxygen needs decreased
gradually and his febrile periods shortened. He was trans-
ferred to the pulmonology ward on day 57 and discharged on
day 80. His RT-PCR test was still positive for SARS-CoV-2
on day 80 (Figure 2).
The patient was later admitted to the rehabilitation clinic for

continued oxygen support and dyspnea symptoms 78 days
later (day 158), at which time he continued to test positive for
SARS-CoV-2 on RT-PCR. His SARS-CoV-2-positive sample
was then cultured in a Vero E6 cell line and inspected for
cytopathic effect.16 A SARS-CoV-2-induced cytopathic effect
was observed, and culture supernatant was confirmed by
PCR (Figure 2). Unfortunately, we could not perform genotyp-
ing or sequencing during his disease course.
Eight days later, on day 166, the patient was transferred to

the ICU for new-onset fever, rapidly increasing dyspnea, and
increased oxygen support needs. Antibiotic treatment with
meropenem plus linezolid, and HFNC therapy was com-
menced. Despite the lack of bacterial growth on blood cul-
ture, his respiratory condition improved quickly after these
treatments. He was discharged with home oxygen support
on day 172.

FIGURE 1. Chest X-rays and computed tomographic scans across the disease course. Days are given since the first positive reverse
transcription–polymerase chain reaction results. Computed tomography showed a small area of ground-glass opacity in the left upper lobe on day
0. Progressive ground-glass opacities more prominent at the left upper and right lower lobes indicate prolonged evolution of COVID-19 pneumonia
on day 18. Bilaterally disseminated ground-glass opacities and crazed paving pattern with areas of consolidations were noted on day 38.
Fibrotic-like changes were seen on day 180.
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At follow-up on day 180, chest CT showed bilateral fibrotic-
like changes (Figure 1), and, for the first time, serological test-
ing detected low levels of antibodies to SARS-CoV-2 (IgG,
3.60; range, 0–0.99). Clinically, the patient continued to have
symptoms of dyspnea on exertion, and fatigue, and still used
home oxygen therapy (2 L/min at night). On day 240, an
RT-PCR test for SARS-CoV-2 was negative. His mantle cell
lymphoma is currently in remission.

DISCUSSION

Rituximab causes rapid, profound, and long-lasting (6–12
months) B-cell depletion, resulting in a well-established risk of
infection.13 B-cell repopulation is delayed by a mean time of
8 months after treatment in patients with rheumatoid arthritis.17

One patient with systemic lupus erythematosus remained
B-cell depleted for more than 4 years.18 Some T cells and
natural killer (NK) cells also express low levels of CD20;
therefore, T-cell and NK-cell depletion during rituximab
treatment has been demonstrated, with repopulation after
a mean of 5 months.17 Depletion of T-helper lymphocytes
as seen in HIV-infected patients19 may also contribute to
risk of infection.
In our patient, a SARS-CoV-2 infection occurred 4 months

after his last rituximab dose, which is within the expected
time frame of B-cell, T-cell, and NK-cell depletion, which placed
him in an immunosuppressive state.
Rapid exacerbation of pneumonia occurs usually 1 to 2

weeks after the first symptoms appear during the general
course of COVID-19.20 In our patient, it started after 3 weeks
and worsened after 4 weeks. This delayed occurrence of pneu-
monia has been reported frequently in COVID-19 patients
treated with rituximab.21–23 It is posited that rituximab

might initially, but insufficiently, limit the cytokine storm,
leading to a delayed worsening of clinical presentation.23

This delayed response is comparable to that seen in
immune reconstitution inflammatory syndrome, in which the
immune response to pathogens becomes apparent as the
immune system is restored.4 Despite the delayed worsening of
symptoms, outcomes can be remarkably poor, including respi-
ratory failure, thrombotic complications, and death.9,24 Contrary
to initial suggestions that immunosuppressive states such
as HIV-related immunosuppression may have mortality bene-
fits, greater COVID-19-related case fatality rates are dem-
onstrated in patients with HIV, cancer, and drug-induced
immunosuppression.25

Most COVID-19 patients demonstrate seroconversion 7 to
14 days after infection, which often coincides with symptom
resolution.20 The COVID-19 clinical course in our patient
was severe, unremitting, prolonged, and with frequent
acute exacerbations that required hospitalization. His man-
tle cell lymphoma and rituximab-associated immunosup-
pression are likely the reasons for his protracted clinical
course. He was treated with antivirals, broad-spectrum
antibiotics, corticosteroids, oxygen support, anakinra, con-
valescent plasma, and IVIG. Some reports in the literature
describe the successful use of convalescent plasma and
IVIG in COVID-19 patients with a history of rituximab treat-
ment,26,27 but we observed only partial improvement with
these treatments.
Repeat SARS-CoV-2 RT-PCR testing showed persistent

positive results for at least 6 months in our patient. This is
consistent with previous reports that have noted that immu-
nosuppressed patients shed the active replicating virus over
a longer period of time than immunocompetent patients.24

The persisting SARS-CoV-2 viremia and recurring fevers

FIGURE 2. Timeline of disease course, treatments, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) reverse transcription–
polymerase chain reaction (RT-PCR) tests, antibody tests, and Vero E6 cell line culture from day 0 to day 240. ICU 5 intensive care unit; IVIG 5
intravenous immunoglobulin; O2 5 oxygen.
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reported after rituximab therapy may thus be related to sup-
pressed B-cell function.28

Our patient did not develop anti-SARS-CoV-2 antibodies
for 6 months, which is consistent with the impaired humoral
response frequently observed with rituximub.23 It may be
that B-cell depletion contributed to his prolonged lymphocy-
topenia and inability to produce antibodies. Cases such as
this emphasize the challenges in managing immunocompro-
mised patients, who are persistent shedders and sources of
transmission. These patients may be reservoirs of antigeni-
cally novel viruses,29 and may experience decreased effi-
cacy of the SARS-CoV-2 vaccine.30

In conclusion, patients with rituximab-related immunodefi-
ciency might differ in their degree of viral shedding, immune
clearance kinetics, and severity of COVID-19 disease. There-
fore, patient education related to COVID-19 precautions is
important after rituximab application. Effectively managing
COVID-19 in immunosuppressed patients who are shedding
virus persistently is imperative for preventing new variants of
SARS-CoV-2.
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