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We describe a case of prolonged severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection in a patient
receiving ocrelizumab for multiple sclerosis. Viral RNA shed-
ding, signs, and symptoms persisted for 69 days with resolu-
tion after administration of convalescent plasma and antiviral
therapy. This case suggests risk for persistent SARS-CoV-2 in-
fection in patients treated with anti-CD-20 monoclonal anti-
bodies and supports a role for humoral immunity in disease
resolution.
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CASE REPORT

A 46-year-old female with relapsing remitting multiple sclerosis
(RRMS) on ocrelizumab presented to the emergency depart-
ment with an approximate 9-week history of daily fevers and
dyspnea. Symptom onset began 65 days earlier with upper res-
piratory symptoms, fever, and cough. On day 2 of illness, she
was diagnosed with coronavirus disease 2019 (COVID-19), as
demonstrated by a positive SARS-CoV-2 nasopharyngeal swab
antigen immunoassay. She did not require hospitalization, sup-
plemental oxygen, or additional treatment. She continued to
have daily fevers and significant dyspnea with minimal exertion
after her initial 10-day isolation period. The clinical course is
outlined in Figure 1.
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On day 28, she received a routine infusion of ocrelizumab
scheduled every 6 months for RRMS despite remaining symp-
tomatic. Symptoms did not improve over several weeks, and she
returned to outpatient clinics for evaluation on 4 occasions. She
received 3 empiric courses of antibiotics (azithromycin once
and amoxicillin-clavulanate twice) and steroids (2 courses of
prednisone 40 mg daily for 5 days) for presumed superimposed
bacterial pneumonia following SARS-CoV-2. Pneumonia was
diagnosed based on symptoms and radiographic findings. She
did not experience clinical improvement with any of these
interventions.

On day 66 of illness, she presented to the emergency depart-
ment with prolonged fevers and dyspnea. Vital signs were no-
table for an oxygen saturation of 93% on room air, heart rate
of 105, temperature of 38.5°C, and blood pressure of 98/60.
Her medical history included RRMS, hypothyroidism, ce-
liac disease, and fibromuscular dysplasia. She had no history
of underlying lung disease. The patient’s medication list in-
cluded ocrelizumab infusion every 6 months, levothyroxine,
dalfampridine, modafinil, and acetaminophen. She had no
known allergies. Her social history was notable for occupation
in social services at a school and hospital, no tobacco or alcohol
use, and no recent travel. She had no known sick contacts and
no relevant family medical history. There were no other known
medical risk factors for prolonged SARS-CoV-2 infection.

On exam, she was dyspneic with conversation and minimal
exertion. She had tachycardia and a dry cough with diminished
bibasilar breath sounds and crackles. Her abdominal exam was
tender to palpation throughout. She had normal neurologic,
musculoskeletal, and skin exams.

A chest radiograph revealed bilateral patchy opacities (Figure
1). Initial inpatient laboratory testing revealed a hemoglobin of
11.9, a leukocyte count of 9.8 (X10°/uL) with a normal differen-
tial, thrombocytosis with a platelet count of 470 (x10°/uL), and
normal renal and hepatic function. A computed tomography
pulmonary angiogram identified multifocal patchy ground glass
opacities without evidence of a focal pneumonia, pulmonary ab-
scess, or pulmonary embolism (Figure 1). Blood cultures, sputum
cultures, respiratory viral polymerase chain reaction (PCR)
panel, and serum fungal biomarkers did not reveal any superim-
posed bacterial, fungal, or viral infection. Serum immunoglob-
ulin A (51 mg/dL), G (445 mg/dL), and M (26 mg/dL) levels were
low. A nasopharyngeal swab for SARS-CoV-2 by nucleic acid am-
plification and COVID-19 serology by enzyme-linked immuno-
assay (ELISA) were negative. Refer to Supplementary Table 1 for
details regarding specific testing and results.

The patient remained febrile with daily fevers to a maximum
temperature of 39.4°C. Given concern for prolonged COVID-19
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Figure 1. A, Timeline of illness and treatment course. B, Computed tomography of the chest on day 67 of illness with bilateral ground glass opacities. C, Chest radiograph
on day 66 of illness with bilateral hazy opacities. Abbreviations: BAL, bronchoalveolar lavage; COVID-19, coronavirus disease 2019; ELISA, enzyme-linked immunosorbent

assay; IgG, immunoglobulin G; NP, nasopharyngeal; PCR, polymerase chain reaction.

infection, an induced sputum sample was obtained and SARS-
CoV-2 RNA was detected by a hologic PCR assay with a cycle
threshold (Ct) value of 35.2. On day 70, the patient underwent
bronchoscopy. SARS-CoV-2 testing using the same assay was
positive in bronchoalveolar lavage fluid with a Ct value of 24.5.
Additional bronchoscopy studies did not identify evidence of
other bacterial, fungal, or viral infections.

With persistent fevers and testing from lower respiratory
fluid providing evidence for active SARS-CoV-2 replication in
the setting of humoral immunodeficiency, we administered 1
unit (~250 mL) of COVID-19 convalescent plasma (CCP) on
day 73 of illness. Remdesivir 200 mg was administered on day
74 followed by 100 mg daily over the following 4 days. On day
74, her fevers resolved and her respiratory symptoms signifi-
cantly improved ~48 hours after receiving CCP and 24 hours
after starting remdesivir. Serum COVID-19 IgG by ELISA
after CCP transfusion remained negative on day 77. On day

78, repeat sputum SARS-CoV-2 testing by PCR was negative
and the patient was discharged. She remained asymptomatic
and afebrile 1 month later. On day 109, repeat COVID-19 IgG
testing by ELISA was negative.

Amplification and sequencing of SARS-CoV-2 from RNA
in the original positive sputum specimen were performed.
The isolate had 19 missense mutations, which is similar to the
number of mutations observed from other members of the
same clade, 20G (https://clades.nextstrain.org; version 0.14.0)
(Supplementary Table 2). The 20G clade currently comprises
40% of US strains. The patient isolate belongs to the PANGO
lineage B.1.2 (pangolin; version 2.3.2) and contains the D614G
mutation. None of the mutations recently associated with in-
creased transmissibility or immune escape such as E484K or
N501Y were present, and no mutations were present in the
receptor-binding domain region of the S gene encoding the
spike protein.
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DISCUSSION

Understanding potential risks for complicated SARS-CoV-2
illness in patients with humoral immunodeficiency has im-
plications for recognition and management of disease in this
population. Although cases of prolonged COVID-19 infec-
tion have been reported in patients with malignancy and
chemotherapy-related immunosuppression, there are limited
data regarding complications of COVID-19 in patients re-
ceiving anti-CD20 monoclonal antibodies for autoimmune
diseases [1-5].

For most immunocompetent patients, infectious SARS-
CoV-2 replication is cleared between 10 and 20 days, with the
possibility of prolonged nonviable viral shedding for up to
3 months [6, 7]. However, time to recovery in immunocom-
promised patients is not as well defined, and infectious viral
shedding for >2 months has been demonstrated in patients
with severe immunosuppression [2, 8]. Immunocompromised
patients may also maintain prolonged viral replication in the
lower respiratory tract despite negative results from nasopha-
ryngeal PCR swabs [2].

In this case, COVID-19 antibodies were not identified 10
weeks after initial infection, suggesting an inadequate humoral
response to COVID-19 in the setting of ocrelizumab treatment.
Anti-CD20 antibodies have been associated with inadequate
antibody production to SARS-CoV-2 in patients with multiple
sclerosis (MS) [9, 10]. Following treatment, different anti-CD20
antibodies result in variable times to B-cell repletion, with the
longest occurring up to 18 months after ocrelizumab [11]. This
suggests the need to consider medication-specific effects on
antibody production that could have implications in vaccine
responsiveness.

The patient improved rapidly after 1 dose of CCP and initia-
tion of remdesivir [12, 13]. As both treatments were initiated as
soon as available after admission, either or both may have con-
tributed to the patients rapid improvement. As SARS-CoV-2
antibody titers of CCP available at the time were not measured,
the negative qualitative test of patient serum after administra-
tion may have been due to low anti-SARS-CoV-2 titers in the
infused plasma or to in vivo dilution. Remdesivir was started
1 day after CCP administration to avoid confusion about imme-
diate adverse reactions.

A similar prolonged SARS-CoV-2 infection was reported in
a patient with B-cell immunodeficiency who temporarily im-
proved after 1 course of CCP but did not clear the virus until
treatment with a second course of CCP and remdesivir [5].
Although the patient’s symptoms of active viral infection re-
solved, repeat testing for SARS-CoV-2 antibodies remained
negative, suggesting that she remained incapable of mounting
a serological response.

We hypothesize that ocrelizumab-induced immunosuppres-
sion contributed to our patient’s prolonged febrile illness from
COVID-19. Ocrelizumab, similar to rituximab, is a monoclonal

antibody against CD20+ B cells used in the treatment of mul-
tiple sclerosis. Early reports of SARS-CoV-2 among patients
with MS treated with ocrelizumab or rituximab suggested a
potential beneficial effect of B-cell immunosuppression on
SARS-CoV-2 disease severity [14-16]. Observational studies
have had inconsistent results when evaluating the relation-
ship between disease-modifying therapies (DMTs) for MS, in-
cluding anti-CD20 antibodies, and SARS-CoV-2 illness severity
[11, 17-20]. A small observational study found no relation-
ship between ocrelizumab and SARS-CoV-2 disease severity,
while a review of the MS Global Data Sharing Initiative sug-
gested that anti-CD20 DMTs are associated with higher fre-
quencies of hospital admission, intensive care unit admission,
and need for artificial ventilation compared with other DMTs
[18, 21]. A similar case of prolonged COVID-19 infection in
the setting of anti-CD20 DMTs has been reported in a patient
on rituximab who had persistent viral shedding on day 151 of
illness [4]. Cases of prolonged SARS-CoV-2 infection among
patients with humoral immune deficiencies related to CLL,
lymphoma, and chemoimmunotherapy have also been de-
scribed [1, 2, 5]. Together, these reports support the potential
importance of humoral responses for SARS-CoV-2 clearance
and illness resolution.

Patients treated with therapy that suppresses the humoral
immune response may be at particular risk for prolonged ill-
ness and viral shedding beyond 20 days and warrant close
monitoring if they contract COVID-19. Prophylaxis or
treatment soon after COVID-19 diagnosis with long-lasting
anti-SARS-CoV-2 monoclonal antibodies, currently under
development, may be a consideration for patients on
anti-CD20 therapy and at high risk for exposure. In the cur-
rent case, known mutations associated with increased trans-
missibility or virulence were not detected despite probable
ongoing viral replication for several months. However, signif-
icant viral mutation and evolution of SARS-CoV-2 have been
reported in cases of prolonged illness due to immunosuppres-
sion, both with and without CCP treatment [4, 22]. Although
such evolution may occur during prolonged viral replication
in the absence of antibody therapy, the possibility that pro-
phylactic or therapeutic use of monoclonal antibodies may
facilitate such selection in immunocompromised hosts needs
to be considered.

Additional research is needed to further elucidate the role of
the humoral immune system in controlling SARS-CoV-2 infec-
tion and establish optimal treatment strategies for patients on
B-cell-depleting therapies.
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