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Resolution of One-Year Persisting COVID-19
Pneumonia and Development of Immune
Thrombocytopenia in a Follicular Lymphoma
Patient With Preceding Rituximab Maintenance
Therapy: A follow-up Report and Literature
Review of Cases With Prolonged Infections
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Abstract

Persisting clinical infections and prolonged viral shedding of COVID-19 in immunocompromised patients is
a rapidly emerging issue of concern. Persisting COVID-19 infections not only threaten the well-being of the
patient, but may also be a potential long-term contagious threat to the environment, and special care must
be provided concerning in-hospital isolation and self-quarantine periods. We report an immunocompromised
lymphoma patient recovering from a 1-year disease course of COVID-19 pneumonia along with a review of the
literature.

Background: We previously reported elsewhere of a follicular lymphoma patient suffering from persistent COVID-19
pneumonia that was still ongoing at 2 months after onset. Materials and Methods: We provide a follow-up report of
the case along with a literature review of immunocompromised lymphoma patients experiencing prolonged COVID-19
infections. Results: Although requiring a full 1 year, the presented case eventually achieved spontaneous resolution of
COVID-19 pneumonia. Anti-SARS-CoV-2 antibodies could not be detected throughout the disease course, but COVID-
19-directed T-cell response was found to be intact. The patient also developed secondary immune thrombocytope-
nia subsequent to COVID-19 pneumonia. We found 19 case reports of immunocompromised lymphoma patients with
prolonged COVID-19 infections in the literature. All 5 patients who died did not receive convalescent plasma therapy,
whereas resolution of COVID-19 infection was achieved in 8 out of 9 patients who received convalescent plasma therapy.
Conclusions: We demonstrate through the presented case that while time-consuming, resolution of COVID-19 infec-
tions may be achieved without aid from humoral immunity if cellular immunity is intact. Immunocompromised lymphoma
patients are at risk of a prolonged disease course of COVID-19, and convalescent plasma therapy may be a promising
approach in such patients.
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Introduction

We previously reported a follicular lymphoma patient on ritux-
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imab maintenance therapy suffering from persistent COVID-19
pneumonia that was still active at 2 months after disease onset.' This
is a follow-up report describing the resolution after a 1 year disease
course of COVID-19 pneumonia and subsequent development
of COVID-19-associated secondary immune thrombocytopenia
(ITP). A literature review of 19 case reports concerning prolonged
COVID-19 infections in immunocompromised lymphoma patients

is also provided.

21522650/5 - see front matter © 2021 Elsevier Inc. All rights reserved.
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Materials and methods

This study was conducted in accordance with the Declaration of
Helsinki, and the patient gave written informed consent. CD4*
and CD8" T-cell responses against SARS-CoV-2 antigens were
assessed by using an activation-induced marker assay. Peripheral
blood mononuclear cells (PBMCs) were cultured in the presence
of peptide pools of spike protein (mixture of S, S+, and S1),
membrane protein, and nucleocapsid of SARS-CoV-2, as well as
cytomegalovirus pp65 protein (all from Miltenyi Biotec, Bergisch
Gladbach, Germany). Twenty two hours later, PBMCs were stained
with the Zombie Yellow Fixable Viability Kit (Biolegend, San Diego,
CA, USA) and monoclonal antibodies against human cell-surface
antigens including CD3, CD4, CD8, CD137 (4-1BB), OX40, and
CDG9 (all from Biolegend). Data were acquired on a FACS LSR
Fortessa (BD Biosciences, Franklin Lakes, NJ, USA) and analyzed
using Flowjo software (TreeStar Inc., Ashland, OR, USA). Antigen-
reactive cells were identified based on the co-expression of two
activation markers: OX40 and CD137 for CD4" T-cells and CD69
and CD137 for CD8" T-cells.

For the literature review, a MEDLINE database search through
PubMed was carried out using key words “lymphoma” or “lympho-
cytic” in combination with either “prolonged COVID-19” or
“persisting COVID-19”. Only English reports were considered.
The most recent PubMed search was conducted in May 2021. A
total of 19 case reports including the current case of prolonged
COVID-19 infections were extracted and summarized in Table 1 .
Days, weeks, and months were calculated from day of COVID-19
symptom onset. Persistence of COVID-19 infection was defined
if the patient had ongoing COVID-19-related symptoms or lung
lesions. A prolonged COVID-19 infection was defined if COVID-

19 symptoms or lung lesions persisted for more than 20 days.

Case report

A 61 year-old woman developed COVID-19 pneumonia during
rituximab maintenance therapy for follicular lymphoma in April
2020. She suffered from an abnormally prolonged COVID-19
disease course, which was thought to be the result of failure to
develop anti-SARS-CoV-2 antibodies as previously reported.' She
was discharged on day 66 of hospitalization, but the lung lesions
persisted and continued to migrate on CT scans, and waxing
and waning of clinical manifestations such as fever and cough
continued. CRP levels also fluctuated in parallel with the clini-
cal manifestations. Because of ongoing COVID-19 symptoms, self-
quarantine was continued. It was not until February 2021 that her
clinical manifestations finally resolved and CRP negativity became
sustained, approximately 10 months after onset of COVID-19
pneumonia (Figure 1). Lung lesions on CT scans were still appar-
ent in February 2021, but almost completely diminished upon May
2021 CT scans, approximately one year from COVID-19 pneumo-
nia onset. Periodic blood tests for anti-SARS-CoV-2 IgG and IgM
antibodies performed in April, May, July, and September of 2020,
and blood tests for anti-SARS-CoV-2 IgG antibodies performed
in October and December of 2020, and January and May of
2021, all resulted negative (Elecsys Anti-SARS-CoV-2 immunoas-
say, Roche Diagnostics GmbH, Mannheim). CD4" and CD8™
T-cell responses against SARS-CoV-2 antigens were assessed with
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an activation-induced marker assay using patient PBMCs collected
in April 2021. Upon stimulation with CMV pp65, a positive
control of the assay, 1.29% of CD4" and 0.95% of CD8" T-
cells were double-positive for activation markers CD137 and OX40,
and CD137 and CDG9, respectively (Figure 2). When stimulated
with structural proteins of SARS-CoV-2 (membrane, nucleocapsid,
and spike), robust antigen-specific T-cell responses were observed
among both CD4" and CD8" T-cells at similar or higher levels
compared to previous reports of COVID-19 convalescent individu-
als (Figure 2).>? These results indicated that T-cell responses against
SARS-CoV-2 antigens were intact in the patient.

Repetitive immunoglobulin replacement therapy was continued
in the patient, and IgG levels were maintained at around 500-
800 mg/dl. Although the COVID-19 pneumonia resolved, the
patient’s platelet counts started to decrease around September 2020,
and subsequently plateaued at around 30 x 10°/L as of Febru-
ary 2021. Bone marrow evaluation along with other screening tests
were carried out in February 2021, but causes of thrombocytopenia
including recurrence of follicular lymphoma could not be detected,
and she was diagnosed with COVID-19-associated secondary ITP.
Urea breath test was negative, and thus Helicobacter pylori infection
could not be confirmed. She is currently doing well as an outpatient,
and the I'TP is being observed with no treatment.

Discussion and literature review

We describe the disease course of COVID-19 pneumonia requir-
ing an astonishing 1 year for recovery in a follicular lymphoma
patient undergoing preceding anti-CD20 antibody therapy. IgG
levels continued to rise with time despite that the dose and
frequency of immunoglobulin replacement therapy was fixed as
of September 2020, implying a recovering humoral immunity.
However, the patient failed to develop anti-SARS-CoV-2 IgG
and IgM antibodies throughout the disease course. Furthermore,
up untl March 2021, we tested for anti-SARS-CoV-2 IgG and
IgM antibodies within the immunoglobulin preparations used
for immunoglobulin replacement therapy whenever we encoun-
tered a new product lot, but all lots were found to be negative.
Thus, the eventual recovery from COVID-19 pneumonia was most
likely accomplished without aid from external anti-SARS-CoV-2
antibody supplementation and patient-derived humoral immunity.
Also, COVID-19-directed treatment was carried out only for the
first 2 weeks according to a clinical trial to which she failed to
respond, and thus the eventual recovery 1 year later was accom-
plished spontaneously.

We observed robust SARS-CoV-2-specific T-cell responses in
PBMC:s of the patient collected 1 year after diagnosis of COVID-
19. The percentages of spike or nucleocapsid-specific CD4" T-cells
were even higher than that of CMV-specific CD4" T-cells (positive
control). It can be speculated that strong SARS-CoV-2-specific T-
cell responses were generated because of the chronic exposure to the
virus, and that cellular immunity most probably played an impor-
tant role in the clearance of the virus.

Persisting clinical infection and prolonged viral shedding of
COVID-19 in immunocompromised patients is a rapidly emerg-
ing issue of concern. Including the presented case, 19 case reports
of prolonged COVID-19 infections occurring in immunocompro-
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Case
Number

10

Cases of persistent and prolonged COVID-19 infections occurring in lymphoma patients.

Reporter,
Year

Tepasse et al.,
2020

Tepasse et al.,
2020

Karatas et al.,
2020

Clark et al.,
2020

Helleberg
etal., 2020

Kos etal.,
2020

Moore et al.,
2020

Baang etal.,
2020

Malsy et al.,
2020

Otsuka et al.,
2020

Sex

Age

65
66

61

76

72

63

60

53

56

Lymphoma
type

DLBCL
MCL

PTCL

MZL

CLL

NMZL

NHL

MCL

FL

MCL

Disease
Status of
Lymphoma

N/A
CR

PR

N/A

CR

CR

remission

refractory

N/A

N/A

Type of Most
Recent
Chemotherapy

R-DeVIC

maintenance
rituximab + ibrutinib

ASCT with BEAM
conditioning

BR

R-FC

maintenance rituximab

maintenance
obinutuzumab

CD20 bispecific
antibody +

another B-cell directed
antibody + CPA +
DXR + PSL

maintenance
obinutuzumab

BR

Time From
Last Therapy
to COVID-19
Infection

2 weeks
2 weeks

100 days from
ASCT

10 days

3 months

8 months

37 days

during
chemotherapy

approximately 2
months

17 days

Persistence
of COVID-19
Infection

23 days from
onset

30 days from
onset

> 85 days from
onset

86 days from
onset

60 days from
onset

31 days from
onset

approximately 90
days from onset

131 days from
onset

approximately
130 days from
onset

42 days from
onset

Treatment for
COVID-19

invasive ventilation
invasive ventilation

hydroxychloroquine,
azithromyein,
convalescent plasma
lopinavir/ritonavir,
steroids, convalescent
plasma

remdesivir, convalescent
plasma

IVIG 25 g/day for 5 days

convalescent plasma

remdesivir, convalescent
plasma

remdesivir, convalescent
plasma

favipiravir, ciclesonide,
hydroxychloroquine, IVIG

Development of
anti-SARS-CoV-2
Antibodies

N/A
N/A

N/A

no

no

N/A

no

probably no

no

N/A

Outcome / Last
Follow up

died of COVID-19 at 23
days from onset

died of COVID-19 at 30
days from onset

alive with active
COVID-19 symptoms for
>85 days

complete recovery at 86
days from onset

alive in good general
health 65 days from onset

improved clinical
condition at 31 days from
onset

asymptomatic at
approximately 97 days
from onset

afebrile with improved
chest radiograph at 156
days from onset

asymptomatic at
approximately 140 days
from onset

died of COVID-19 at 42
days from onset

(continued on next page)
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Table 1 | (continued)

Case Reporter, Sex | Age | Lymphoma Disease | Type of Most Time From | Persistence | Treatment for Development of | Outcome / Last
Number | Year type Status of | Recent Last Therapy | of COVID-19 | COVID-19 anti-SARS-CoV-2 | Follow up
Lymphoma | Chemotherapy to COVID-19 | Infection Antibodies
Infection
11 Nakajimaetal.,| M 47 FL CR maintenance 2 months approximately 65 | favipiravir, ciclesonide, no nasopharyngeal swab
2020 obinutuzumab days from onset | lopinavir/ritonavir PCR remained negative
on day 82 from onset
12 Camprubi F 37 FL PR R-ESHAP approximately 1 | 63 days from lopinavir/ritonavir, no resolution of fever at 63
etal., 2021 month onset hydroxychloroguine, days from onset
azithromycin, anakinra,
remdesivir, steroids,
darunavir/cobicistat, IVIG
13 Honjo etal., F 72 CLL N/A obinutuzumab 23 days 59 days from hydroxychloroquine, no asymptomatic at 119
2021 onset convalescent plasma days from onset
14 Puzyrenko M 49 CLL N/A N/A N/A 3months from | steroids, ruxolitinib N/A died of COVID-19 at 3
etal., 2021 onset months from onset
15 Reuken et al., F 56 FL CR maintenance rituximab | 12 days 6 months from | invasive ventilation, no good general condition
2021 onset remdesivir, convalescent and resolution of
plasma, infliximab pulmonary lesions at 7.5
months from onset
16 Rnjak et al., M 53 DLBCL N/A maintenance rituximab | 5 weeks 115 days from | convalescent plasma, no afebrile with regression of
2021 onset remdesivir, steroids pneumonia at 129 days
from onset
17 Hoffmann M 75 DLBCL N/A R-CHOP during 3 weeks from N/A N/A died of COVID-19 at 3
gtal., 2021 chemotherapy | onset weeks from onset
18 Fujii etal., M 43 cHL favorable A+AVD 17 days 28 days from favipiravir, ciclesonide, N/A no recurrence of
2021 onset remdesivir symptoms after 29 days
from onset
19 presented case F 61 FL CR maintenance rituximab | 11 weeks 12 months from | clinical trial no asymptomatic after 10
onset months and resolution of
lung lesions at 12 months

€199 | |70z  bwwaxna] puo owojaAy ‘DwoydwA] [oatuy)

Abbreviations: A + AVD = brentuximab vedotin, doxorubicin, vinblastine, and dacarbazine; ASCT = autologous stem cell transplantation; BEAM = carmustine, etoposide, cytarabine, and melphalan; BR = bendamustine and rituximab; cHL = classic Hodgkin lymphoma;
CLL = chronic lymphocytic leukemia; CPA = cyclophosphamide; CR = complete response; DLBCL = diffuse large B-cell lymphoma; DXR = doxorubicin; F = female; FL = follicular lymphoma; IVIG = intravenous immunoglobulin; M = male; MCL = mantle cell
lymphoma; MZL = marginal zone lymphoma; N/A = not available; NHL = non-Hodgkin lymphoma; NMZL = nodal marginal zone lymphoma; PR = partial response; PSL = prednisolone; PTCL = peripheral T-cell lymphoma; R-CHOP = rituximab, cyclophosphamide,
vincristine, doxorubicin, and prednisolone; R-DeVIC = rituximab, dexamethasone, etoposide, ifosfamide, and carboplatin; R-ESHAP = rituximab, etoposide, cisplatin, cytarabine, and methylprednisolone; R-FC = rituximab, fludarabine, and cyclophosphamide.
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Figure 1 Clinical course of prolonged COVID-19 infection and development of secondary immune thrombocytopenia in an

immunocompromised lymphoma patient.
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mised lymphoma patients have been reported and are summarized
in Table 1.1%?° Median persistence of COVID-19 infections was
65 days (range: 3 weeks to 12 months), and median time from
last lymphoma therapy to COVID-19 onset was 26.5 days (range:
during chemotherapy to 8 months). Anti-CD20 antibody therapy
was included in most recent lymphoma therapy in 16 out of 19
patients. 5 patients died, 1 patient was alive with active COVID-
19 symptoms, and 13 patients eventually recovered from COVID-
19 infections. All 11 patients studied failed to develop anti-SARS-
CoV-2 antibodies. Although it was argued by Baang et al. whether
seroconversion occurred in case 8 because transient positivity for
anti-SARS-CoV-2 antibodies was observed, the patient was only
positive after convalescent plasma administration and negative on
other occasions, and therefore these observations most likely do not
imply seroconversion but a decay of antibodies administered in the
convalescent plasma. A total of 9 patients were treated with conva-
lescent plasma, of which subsequent resolution of COVID-19 infec-
tion was observed in 8 patients. Convalescent plasma therapy was
not described in all 5 patients that died (case 1, 2, 10, 14, and 17).

Besides the 19 case reports studied in this report, there are
multiple case series reporting on immunocompromised lymphoma
patients suffering from prolonged COVID-19 symptoms.”' %’
Duléry et al. reported that 32 out of 111 lymphoma patients admit-
ted for COVID-19 underwent prolonged in-hospital stay, with a

Clinical Lymphoma, Myeloma and Leukemia 2021

median length of stay of 58 days (range: 31-235 days). Within 12
months prior to hospitalization for COVID-19, 26 patients (81%)
had received treatment for lymphoma, and all patients treated
received anti-CD20 monoclonal antibody therapy. Only 2 out of
19 patients studied attained anti-SARS-CoV-2 IgG-IgM positive
serology. Convalescent plasma was administered to 9 patients, and
8 patients subsequently recovered from COVID-19 symptoms.”!
Hueso et al. also reported 17 B-cell depleted patients including
15 lymphoma patients who presented with prolonged COVID-19
symptoms lasting for a median of 56 days. All 17 patients failed
to develop anti-SARS-CoV-2 antibodies. All 17 patients received
convalescent plasma therapy, and all but 1 patient recovered with
improvement of fever within 48 hours.”> Betrains et al. reported
5 lymphoma patients with previous rituximab therapy suffering
from prolonged COVID-19 symptoms. All 5 patients failed to
develop anti-SARS-CoV-2 antibodies. All 5 patients were treated
with convalescent plasma therapy (median time to convalescent
plasma therapy was 56 days), and a clinical response was seen in
4 patients.”

In the general population, seroconversion occurs in the major-
ity of COVID-19 infected patients, and anti-SARS-CoV-2 IgG are
detected in more than 90% of patients after day 15.** The vast
majority of immunocompromised lymphoma patients found in our
literature review of case reports and case series could not mount



Figure 2 SARS-CoV-2-reactive T-cell responses
Peripheral blood mononuclear cells were stimulated with peptide pools of cytomegalovirus pp65(CMV), structural
proteins of SARS-CoV-2 (membrane, nucleocapsid, and spike). Twenty-two hours later, antigen-specific T-cell
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activation was analyzed by flow cytometry. Dot plots show activated CD4* T and CD8* T-cells identified as

CD137+0X40*and CD137+CD69+ cells, respectively.
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a COVID-19-targeted humoral immune response and failed to
develop anti-SARS-CoV-2 antibodies. In such patients, it is rational
to speculate that convalescent plasma therapy providing the neutral-
izing anti-SARS-CoV-2 antibodies necessary for viral clearance is an
extremely efficacious treatment approach, and the positive outcomes
of reported cases support this theory. Although our case report
demonstrated that recovery from COVID-19 is possible without aid
from humoral immunity, the patient suffered from a 1 year disease
course of COVID-19 pneumonia, and convalescent plasma therapy
should be vigorously sought in such patients.

Another interesting aspect of the presented case is the develop-
ment of ITP. ITP is a disorder in which platelet destruction and
impaired platelet production occurs due to pathogenic autoanti-
bodies directed towards platelets and megakaryocytes. As is the case
with many viral infections, COVID-19 has also been reported to
trigger ITP, and one case has been reported to develop persistent
ITP ongoing for more than 7 months.”>*” The situation found in
our patient is perplexing, because despite failure to develop anti-
SARS-CoV-2 antibodies, in theory, the patient managed to develop
pathogenic autoantibodies causing ITP.

Conclusion

In conclusion, we report an immunocompromised lymphoma
patient suffering from a prolonged COVID-19 infection that
required a full 1 year for recovery. The patient failed to develop
anti-SARS-CoV-2 antibodies throughout the disease course, but a
robust SARS-CoV-2-specific T-cell response was confirmable. Thus,
we demonstrate that even with an impaired humoral immunity, an

intact cellular immunity alone was capable of overcoming COVID-
19 infection. However, cases failing to accomplish seroconversion
are at risk of persistent COVID-19 infections, and as our literature
review shows, administration of convalescent plasma early in the
disease course may be a rational and effective treatment approach
for such patients. Prolonged COVID-19 infections occurring in
the immunocompromised not only threaten the well-being of the
patient, but may also be a potential long-term contagious threat
to others, and special care must be provided concerning in-hospital
isolation and self-quarantine periods.

Clinical practice points

* Immunocompromised lymphoma patients are at risk of
abnormally prolonged COVID-19 infections.

* Anti-SARS-CoV-2 antibodies are most often absent in such
patients, and convalescent plasma therapy may be an effective
treatment approach.

* Persisting COVID-19 infections not only threaten the well-
being of the patient, but may also be a potential long-
term contagious threat to the environment, and special care
must be provided concerning in-hospital isolation and self-
quarantine periods.
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