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Immunocompromised patients with B-cell deficiencies are at
risk for prolonged symptomatic severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection. We
describe 4 patients treated for B-cell malignancies with B-
cell-depleting therapies who developed persistent SARS-CoV-
2 infection and had resolution of symptoms following an
extended course of nirmatrelvir/ritonavir.
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Patients with B-cell depletion are vulnerable to prolonged,
symptomatic severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection as humoral immunity is critical in
facilitating viral clearance [1-3]. The Food and Drug
Administration (FDA) authorized a 5-day course of nirmatrel-
vir/ritonavir for mild-to-moderate coronavirus disease 2019
(COVID-19) under Emergency Use Authorization (EUA) [4-
7]. One case report has described successful treatment utilizing
alonger course of both nirmatrelvir/ritonavir and remdesivir in
a patient with B-cell acute lymphoblastic leukemia (ALL) and
prolonged SARS-CoV-2 infection [8]. Thus, there are limited
data on treatment strategies for patients with B-cell depletion
and prolonged infection with SARS-CoV-2, which represents
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an important gap in current knowledge. particularly as mono-
clonal antibodies are ineffective against currently circulating
SARS-CoV-2 variants [9]. We describe 4 cases of patients
with prolonged, symptomatic SARS-CoV-2 infection with un-
derlying lymphoma or B-cell ALL and receipt of B-cell deplet-
ing therapies successfully treated with extended courses of
nirmatrelvir/ritonavir, alone or in combination with remdesi-
vir. As off-label use is not permitted for drugs under EUA, all
patients were treated through the FDA emergency use, single-
patient investigational new drug approval pathway. Written in-
formed consent was obtained for all cases.

CASE 1

Case 1 is a 79-year-old woman with follicular lymphoma diag-
nosed 7 years prior to SARS-CoV-2 infection treated with lena-
lidomide, rituximab, zandelisib, and the investigational therapy
epcoritamab in the past 2 years, but with ongoing active disease.
The patient had received 3 Moderna SARS-CoV-2 vaccine dos-
es, the last dose 1 year prior to diagnosis of SARS-CoV-2 infec-
tion. The patient’s first positive SARS-CoV-2 polymerase chain
reaction (PCR) test was performed due to cough, shortness of
breath, and fatigue; she was treated with molnupiravir. She
had received prophylactic tixagevimab/cilgavimab 2 months
prior. Symptoms persisted, and she was admitted to the hospi-
tal 6 weeks later with persistent positive SARS-CoV-2 PCR re-
sults. Absolute lymphocyte count at the time of hospitalization
was 0.7 K/uL (reference range, 1.2-4.0 K/uL). She did not re-
quire supplemental oxygen, and computed tomographic (CT)
chest imaging revealed ground glass opacities and multilobar
consolidation. Treatment included 10 days of remdesivir.
Symptoms persisted, and the patient continued to have positive
tests with cycle threshold (Ct) values of 20-25 six months after ini-
tial diagnosis. SARS-CoV-2 whole genome sequencing (WGS) re-
vealed lineage BA.1.1 throughout her course. Chest radiography
remained abnormal during this time. She never required supple-
mental oxygen. The patient was treated with a 21-day course of
nirmatrelvir/ritonavir. Her respiratory symptoms and fatigue re-
solved, and SARS-CoV-2 PCR was negative 8 days posttreatment.
One month posttreatment, she continued to have no respiratory
symptoms, and day 28 SARS-CoV-2 PCR remained negative.
Three months posttreatment, she continued to have no fevers or
respiratory symptoms and SARS-CoV-2 PCR remained negative.

CASE 2

Case 2 is a 72-year-old man with diffuse large B-cell lymphoma
diagnosed 4 years prior to SARS-CoV-2 infection. He received
chimeric antigen receptor T-cell therapy 1 year prior with
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complete response. The patient had received 2 Moderna
SARS-CoV-2 vaccine doses, the most recent dose 18 months
prior to SARS-CoV-2 diagnosis.

The patient received prophylactic tixagevimab/cilgavimab 3
months prior to diagnosis. He had fevers and cough and subse-
quent positive rapid COVID-19 antigen test. He received a
5-day course of nirmatrelvir/ritonavir with mild symptomatic im-
provement. One month later, he was admitted as his symptoms
progressed and he had new hypoxia on home pulse oximetry.
Multifocal ground glass opacities were noted on chest CT.
SARS-CoV-2 PCR was positive with Ct value of 27.5. Absolute
lymphocyte count at the time of diagnosis was 0.1 K/uL (reference
range, 1.2-4.0 K/uL). The patient received remdesivir for 10 days
followed by nirmatrelvir/ritonavir for 20 days starting on day 7 of
remdesivir treatment. The patient’s symptoms improved slowly
with treatment and no further need for oxygen upon discharge.
He had a negative PCR on day 3 of nirmatrelvir/ritonavir and im-
proving cough without fevers, hypoxia, or shortness of breath at
the end of his prolonged course. No specimens were available
for SARS-CoV-2 sequencing and lineage determination. At
2-month follow-up, all respiratory symptoms had resolved.

CASE 3

Case 3 is a 72-year-old man with a history of stage IV mantle

cell lymphoma initially diagnosed 2 years prior to
SARS-CoV-2 diagnosis. Previous treatments included veneto-
clax, lenalidomide, and rituximab; he was on lenalidomide at
the time of SARS-CoV-2 diagnosis. The patient had received
2 Pfizer SARS-CoV-2 vaccinations, the last dose 18 months pri-

or to diagnosis of SARS-CoV-2 infection.

The patient received prophylactic tixagevimab/cilgavimab 5
months prior. He developed shortness of breath and night sweats
and tested positive for SARS-CoV-2 by PCR. Symptoms contin-
ued, and he was admitted 2 months later with Ct value of 28.4.
Absolute lymphocyte count was 0.3 K/pL (reference range, 1.2-
4.0 K/pL). He received bebtelovimab but symptoms continued.
He was readmitted 1 month later with new hypoxia, hemoptysis,
and increased multifocal ground glass opacities on chest CT.
SARS-CoV-2 PCR was positive on bronchoalveolar lavage
(BAL) with Ct value of 15. SARS-CoV-2 WGS from both nares
and BAL fluid revealed the BA.5.2.1 sequence, which was the
same sequence identified from prior hospitalization. He received
10 days of remdesivir with resolution of fever but ongoing hypox-
ia, night sweats, and cough. After treatment with remdesivir, the
patient received 15 days of nirmatrelvir/ritonavir with resolution
of all symptoms. Repeat SARS-CoV-2 PCR testing was not ob-
tained. Patient was seen in follow-up 2 months after completion
of nirmatrelvir/ritonavir and reported resolution of all symptoms.

CASE 4

Case 4 is a 60-year-old woman with a history of multiple myeloma
who underwent an autologous stem cell transplant 5 years prior to
SARS-CoV-2 diagnosis and subsequently developed B-cell ALL 1
year prior to SARS-CoV-2 diagnosis. She achieved remission fol-
lowing induction chemotherapy with cyclophosphamide, daunor-
ubicin, vincristine, prednisone, rituximab, and peg-asparaginase
and received ongoing maintenance therapy with rituximab.

The patient had received 4 Moderna SARS-CoV-2 vaccines, the
most recent dose 2 months prior to diagnosis of SARS-CoV-2 in-
fection. The patient received 2 doses of tixagevimab/cilgavimab, 8

Table 1.
Extended Nirmatrelvir/Ritonavir

Description of Patient Characteristics, Severe Acute Respiratory Syndrome Coronavirus 2 Variant Type and Treatments, and Response to

Characteristic Patient 1 Patient 2 Patient 3 Patient 4
Demographics
Age 79y 72y 72y 60y
Ethnicity Non-Hispanic Non-Hispanic Non-Hispanic Non-Hispanic
Sex Female Male Male Female
Underlying condition Follicular Diffuse large B-cell Mantle cell B-cell ALL
lymphoma lymphoma lymphoma
Duration of SARS-CoV-2 positivity 8 mo 1.5mo 3 mo 2 mo
Duration of symptoms 8 mo 2 mo 4 mo 3 mo
SARS-CoV-2 variant type BA.1.1 NA BA.5.2.1 BF.28
SARS-CoV-2 treatments (total)
Remdesivir Yes Yes Yes Yes
Nirmatrelvir/ritonavir (standard course) No Yes No Yes
Molnupiravir Yes No No No
Bebtelovimab No No Yes Yes
SARS-CoV-2 treatments (at the time of extended nirmatrelvir/ Remdesivir Remdesivir Remdesivir Remdesivir,
ritonavir administration) bebtelovimab
Extended nirmatrelvir/ritonavir duration 21d 20d 15d 21d
Response to nirmatrelvir/ritonavir Clinical, virologic Clinical, virologic Clinical Clinical, radiologic

Abbreviations: ALL, acute lymphoblastic leukemia; NA, not available; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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and 5 months prior to diagnosis. She developed congestion,
cough, chills, and fever and had a positive SARS-CoV-2 PCR re-
sult. Patient received 5 days of nirmatrelvir/ritonavir with initial
improvement but developed recurrent fatigue and fevers. The pa-
tient had a SARS-CoV-2 PCR-positive result 1 month later.
Symptoms continued, and she received a 7-day course of remde-
sivir without significant improvement in cough, congestion, fe-
vers, and lack of appetite. CT chest at the time was notable for
bilateral airspace opacities. Two months after initial diagnosis,
absolute lymphocyte count was 0.6 K/uL (reference range, 1.2-
4.0 K/uL), and SARS-CoV-2 WGS revealed persistent BF.28
sequence. Given ongoing symptoms and persistent positivity,
she received 7 days of remdesivir and bebtelovimab once, followed
by a 20-day course of nirmatrelvir/ritonavir with complete resolu-
tion of symptoms and improvement in bilateral opacities on chest
CT. Patient had sustained resolution of symptoms 1 month after
completion of nirmatrelvir/ritonavir and negative SARS-CoV-2
PCR 3 months following completion.

DISCUSSION

We present 4 cases of patients with B-cell malignancy receiving
B-cell-depleting therapies with documented lymphocytopenia
who experienced prolonged symptomatic infection with
SARS-CoV-2 and clinical cure following extended-course nirma-
trelvir/ritonavir (Table 1). The length of treatment with nirmatrel-
vir/ritonavir was informed by the severity of symptoms, duration
of infection, and Ct value, but was ultimately determined by the
treating clinician. In all cases, an extensive workup for other infec-
tions was negative. All 4 patients tolerated the therapy without any
significant adverse events or drug-drug interactions. WGS re-
vealed persistence of the infecting lineage in 3 of the 4 cases,
strongly suggesting that prolonged positivity was related to chron-
ic infection rather than episodes of reinfection; no mutations were
identified. In the 2 cases where test-of-cure PCR was performed,
the SARS-CoV-2 PCR was negative despite persistent positive
tests prior to nirmatrelvir/ritonavir. The resolution of patient
symptoms in all cases coincident with extended nirmatrelvir/rito-
navir treatment in the presence of persistence following prior ther-
apy suggests that this was an important factor in treatment. These
cases add to and expand upon a previously published case report
of clearance of SARS-CoV-2 following extended remdesivir and
nirmatrelvir/ritonavir treatment in a patient with B-cell ALL
and prolonged symptoms of SARS-CoV-2 infection [8].

Patients with B-cell depletion are at risk for prolonged infec-
tion with SARS-CoV-2 and are no longer protected by tixage-
vimab/cilgavimab [9]. Short courses of antivirals, including
nirmatrelvir/ritonavir, remdesivir, and molnupiravir, may not
be effective in this population. While studies of longer duration
are ongoing for early disease and strategies for passive immu-
nity in immunocompromised hosts have been proposed [10],
we are not aware of any ongoing studies in patients with
B-cell depletion and persistent infection with SARS-CoV-2.

In summary, extended-course nirmatrelvir/ritonavir appears
to be a potential treatment option for this vulnerable population,
assuming no prohibitive drug interactions are present. In these
cases, access under EUA presents a barrier to extended treatment
with nirmatrelvir/ritonavir, as the off-label use requires the same
FDA and institutional review board approval as the clinical use
of an investigational drug under the FDA Expanded Access reg-
ulations. Within a single institution, treatment length was vari-
able as there are no standard criteria to assist clinicians in
determining appropriate duration, thus highlighting the need
for investigation into a standard treatment course. Future studies
should evaluate long-term outcomes in patients with B-cell de-
pletion and evaluate the optimal duration of therapy.
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