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The adaptive humoral immune response to SARS-CoV-2 plays a critical role in establishing protective
immunity after infection or vaccination.1-3 Viral clearance and immunological control seems to be affected
in patients with humoral deficiency, which can present with persistent viral shedding and prolonged
COVID-19.4-8 Impaired adaptive immunity related to dysfunctional or depleted B cells and hypogamma-
globulinemia is a common feature in B-cell–related malignancies, such as B-cell non-Hodgkin lymphomas
(B-NHLs).9-12 Because of the inability to produce a sufficient amount of SARS-CoV-2–neutralizing anti-
bodies, those patients are at risk of prolonged COVID-197,8 and vaccination failure.13,14 Passive immuni-
zation with SARS-CoV-2–neutralizing monoclonal antibodies (nmAbs) demonstrated beneficial effects on
mortality, clinical course, and viral load in immunocompetent unvaccinated patients with mild disease
who were treated early,15-17 before endogenous IgG production (IgG seronegative).18 These trials did
not focus on patients with immunosuppression or cancer. However, the results suggest that induction of
humoral immune response several days after symptom onset marks a critical barrier for treatment effi-
cacy. Thus, passive immunization with mAbs may be a rational treatment approach for patients who do
not produce sufficient amounts of endogenous neutralizing antibodies after vaccination or infection, irre-
spective of symptom duration. Herein, we give a detailed description of hospitalized patients with
COVID-19 who had impaired humoral immunity to underlying B-NHL and were successfully treated with
nmAbs in the context of an individual healing attempt. Patients gave written informed consent for scien-
tific evaluation. The study was approved by the local ethics committee of the University Hospital of
Cologne.

From June through October 2021, 6 consecutive patients (A-F; median age, 59.5 years; range, 39-78)
were enrolled in our study (Table 1; see supplemental Methods for a description of the process). All
patients had known hypogammaglobulinemia, 5 had received B-cell–depleting therapy, and 4 had
received regular prophylactic intravenous or subcutaneous immunoglobulin substitutions. All patients had
detectable viremia and symptomatic SARS-CoV-2 infection (World Health Organization progression
score, 4-6) with fever, myalgia, and malaise. Respiratory symptoms and radiologic signs of pulmonary
manifestation were detectable; however, none of the patients required mechanical ventilation throughout
the observation period.

Two unvaccinated patients (A and B) presented with COVID-19 persisting over more than 3 months,
including constant viral shedding (the first positive polymerase chain reactions [PCRs] were 86 and 63
days, respectively, before nmAb treatment), viremia, recurrent fever episodes, and respiratory symptoms.
Despite prolonged disease, both patients had nondetectable SARS-CoV-2–specific IgG. Patient A was
receiving anti-CD20 maintenance therapy with obinutuzumab for follicular lymphoma. The initial detection
of SARS-CoV-2 occurred during contact tracing in April 2021. Four weeks later, the patient developed
symptomatic disease and presented at a secondary referral hospital. Despite treatment with anti-infective
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agents and dexamethasone, he showed progressive respiratory dis-
tress and was transferred to our intensive care unit for high-flow oxy-
gen therapy where the respiratory situation stabilized during the
following days. Although respiratory improvement was achieved, we
observed recurrent fever episodes with persistent viral shedding
and viremia so that treatment with nmAbs was initiated.

Patient B had a history of progressive follicular lymphoma and had
received several regimens of immunochemotherapy, including the
anti-CD20 antibodies obinutuzumab and rituximab, during the
past years. In April, he was treated with high-dose chemotherapy
(BEAM) and subsequent autologous stem cell transplantation. After
the first positive SARS-CoV-2 PCR in August, he had recurrent
fever episodes and a dry cough when he presented at the emer-
gency room in late September. Based on a nondetectable SARS-
CoV-2–specific IgG, despite prolonged infection and SARS-CoV-2
viremia, he was treated with nmAbs on the day after admission.

Patient C presented with the third episode of COVID-19, despite
vaccination with 1 dose of BNT162b2 mRNA vaccine after the

second episode and 3 months before the current episode. Remark-
ably, this patient had an IgG of 434 binding antibody units/mL upon
admission, but the serum showed extremely low neutralization activ-
ity in a live SARS-CoV-2 virus neutralization test measuring a 100%
inhibitory dilution of only 10. We hypothesized that the endogenous
IgG antibodies were dysfunctional and had no neutralizing activity
because of impaired B-cell function, and we subsequently treated
the patient with nmAbs.

Three patients (D, E, and F) had serologically defined vaccination
failure. Patients D and E, who had low-grade B-NHL and chronic
lymphocytic lymphoma (both stable), respectively, were seronegative
and presented with COVID-19 pneumonia and fever, despite having
received a full course of vaccination 2 to 4 months earlier. The diag-
nostic approach and clinical course of patient F is of particular
interest, as diagnosis required sampling the lower respiratory tract
by bronchoalveolar lavage (BAL) and SARS-CoV-2 PCR from
whole blood. In 2020, patient F was diagnosed with diffuse large
B-cell lymphoma at the age of 38. After the initial chemotherapy
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Figure 1. Evolution of maximum daily body temperature, CRP, and SARS-CoV-2 viral load, before and after treatment with nmAbs. Evolution of temperature

(A) and C-reactive protein (B) in each patient from 2 days before (day 22) to 5 days after (day 5) nmAb treatment (day 0). SARS-CoV-2 RNA was determined by

quantitative RT-PCR, and cycle threshold values were translated to viral concentrations based on the respective PCR core standards. Viral loads obtained from respiratory

tract specimens (C) and blood (D) before and after nmAb treatment are presented cumulatively and represent samples that were taken from 2 days before until midday at

the day of nmAb treatment (pre-treatment) or from days 1 to 5 after treatment (post-treatment). If several samples were taken during these time periods the median from all

available assessments is shown for each patient. Patient F is not included in panel C, as only samples obtained from BAL were positive and no subsequent assessments

were performed. CRP, C-reactive protein; FU, follow-up; ND, not detected.
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resulted in a partial response, she underwent autologous stem cell
transplantation in February 2021. Further disease progression led to
additional treatment attempts in April and September 2021.
COVID-19 vaccination was performed in May and July with
BNT162b2 mRNA vaccine. In October, she was readmitted for con-
ditioning chemotherapy and chimeric antigen receptor (CAR) T-cell
immunotherapy for refractory diffuse large B-cell lymphoma. Despite
full vaccination, she had an insufficient SARS-CoV-2 IgG titer (8.2
B binding antibody units/mL). Based on fever, elevated C-reactive
protein levels, and progressive pulmonary ground-glass opacities
visible on computed tomography, a BAL and additional diagnostics
for viral and bacterial pathogens were performed (supplemental Fig-
ure 1). SARS-CoV-2 RNA was detected in the BAL (2 3 105 cop-
ies per mL) and blood (735 copies per mL) samples. Remarkably, a
total of 4 oropharyngeal or nasopharyngeal swabs taken during
admission including the initial screening assessment remained nega-
tive (supplemental Figure 1). No other pathogens were detected in
blood or BAL samples.

All patients were treated with 1 intravenous 1200-mg dose each of
casirivimab and imdevimab. After infusion, we observed a rapid and
significant clinical improvement during the following days. Fever
abated within the first 48 hours, and the C-reactive protein level
improved rapidly from the second day after treatment of those with
marked elevation .50 mg/L (4 of 6 patients; Figure 1). Respiratory
viral loads decreased from a median of 450 3 103 copies per millili-
ter before treatment (day 22 to 0) to 1 3 103 copies per milliliter in
the posttreatment phase (days 1-5). Measurable viremia was pre-
sent in all patients. In patients with data available (4 of 6), viremia
had resolved in posttreatment or follow-up assessments after
nmAb treatment (Figure 1). Five of 6 patients were discharged
from the hospital within 8 to 12 days after treatment. Patient F
received CAR T-cell immunotherapy 7 days after nmAb treatment,
which led to control of COVID-19–associated symptoms and viral
clearance from the blood (supplemental Figure 1). No other
COVID-19–associated treatments were administered concomitantly
with the nmAbs. At follow-up assessments within a period of 2
months of discharge, sustained cure of COVID-19 was confirmed in
all patients, with an absence of the related symptoms. Negative
SARS-CoV-2 reverse transcription-PCR (RT-PCR) of upper respira-
tory tract samples were available from 5 of the 6 patients at the
follow-up assessment.

In conclusion, our series of 6 patients with COVID-19 who had
B-NHL illustrates a poor humoral immune response to SARS-CoV-2
vaccination and infection that results in persistent viral shedding,
viremia, and symptomatic disease. We also found that measurable
SARS-CoV-2–specific IgG does not inevitably translate into equiva-
lent neutralizing activity. The observation that patients can present
with SARS-CoV-2 pneumonia and viremia while having negative
RT-PCR results from nasopharyngeal swabs should be further
investigated, as it may have implications for the diagnostic approach
in immunocompromised patients. Our data suggest that testing for
the neutralizing capacity of SARS-CoV-2–specific IgG (if detect-
able) and SARS-CoV-2 RT-PCR performed on whole-blood sam-
ples can be a rational addition to the diagnostic workup of patients
with COVID-19 who have underlying B-NHL. Most important, we
observed favorable and rapid treatment responses to nmAbs in a
specific group of patients presenting with vaccination failure or
prolonged or recurrent COVID-19 and SARS-CoV-2 viremia related
to humoral deficiency. Thus, nmAbs may provide an attractive

treatment option for treating patients with COVID-19 who are
unable to mount a humoral immune response after vaccination or
infection, irrespective of the duration of symptoms. Clinical studies
exploiting the full potential of nmAbs for treatment and prophylaxis in
these patients are warranted.
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