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Immunity to infection

Short Communication
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Treatment with convalescent plasma has been shown to be safe in coronavirus disease
in 2019 (COVID-19) infection, although efficacy reported in immunocompetent patients
varies. Nevertheless, neutralizing antibodies are a key requisite in the fight against viral
infections. Patients depleted of antibody-producing B cells, such as those treated with
rituximab (anti-CD20) for hematological malignancies, lack a fundamental part of their
adaptive immunity. Treatment with convalescent plasma appears to be of general bene-
fit in this particularly vulnerable cohort. We analyzed clinical course and inflammation
markers of three B-cell-depleted patients suffering from COVID-19 who were treated with
convalescent plasma. In addition, we measured serum antibody levels as well as periph-
eral blood CD38/HLA-DR-positive T-cells ex vivo and CD137-positive T-cells after in vitro
stimulation with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-derived
peptides in these patients.We observed that therapy with convalescent plasma was effec-
tive in all three patients and analysis of CD137-positive T-cells after stimulation with
SARS-CoV-2 peptides showed an increase in peptide-specific T-cells after application of
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convalescent plasma. In conclusion,we here demonstrate efficacy of convalescent plasma
therapy in three B-cell-depleted patients and present data that suggest that while appli-
cation of convalescent plasma elevates systemic antibody levels only transiently, it may
also boost specific T-cell responses.

Keywords: B-cell deficiency � convalescent plasma � COVID-19 � SARS-CoV-2 � T-cell immunity

� Additional supporting information may be found online in the Supporting Information section
at the end of the article.

Introduction

Coronavirus disease in 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has led to a
pandemic with currently more than 175 million infected peo-
ple worldwide and nearly 4 million deaths (status: June 2021;
https://coronavirus.jhu.edu/map.html). In particular, older peo-
ple and patients with immune defects are likely of high risk to
develop a severe course of disease. So far, no specific antiviral
medications are available. The use of antibody-containing plasma
from recently recovered patients is a potential therapeutic option,
which was first tested experimentally in diphtheria-infected ani-
mals in 1880 [1] and was later given clinically, for example, in the
Spanish influenza pandemic in 1918, for MERS-CoV and H1N1
influenza and recently in the Ebola outbreak in West Africa [2, 3].
Convalescent plasma therapy (CPT) for B-cell-competent patients
suffering from COVID-19 has achieved varying levels of success
and seems to be most effective when using plasma with very
high antibody titers in mild to moderate disease [4–6]. Reports
of efficacy in B-cell-deficient patients have been more univer-
sally encouraging [7–9]. It remains unclear, however, whether the
effect of CPT relies solely on the short-lived virus-neutralizing
effect of antibodies or may have a more enduring effect on
the immune response. Although Hueso et al. [7] reported func-
tional T-cell responses prior to CPT of B-cell-depleted COVID-19
patients, they did not monitor changes in the magnitude of the
T-cell response during and after treatment.

We here report three cases of B-cell-depleted patients with
COVID-19 who successfully received CPT and monitor the effect
on antigen-specific T cells.

Results and discussion

Clinical course of B-cell-depleted patients treated with
convalescent plasma

We treated and analyzed three patients with SARS-CoV-2 immune
plasma. All patients were completely B-cell-depleted due to prior
treatment with rituximab for hematological malignancies and
were in complete remission (Table 1). Patient 1 is an 18-year-
old male diagnosed with progenitor B-cell acute lymphoblastic
leukemia in June 2019 and treated with poly-chemotherapy plus

rituximab. The last administration of rituximab had been on Jan-
uary 31, 2020. On March 19, 2020, he was admitted in complete
leuco- and lymphopenia with fever and respiratory symptoms
about 1 week after administration of consolidation therapy with
cyclophosphamide/cytarabine. SARS-CoV-2 infection was con-
firmed by RT-PCR. Due to the increased risk of the lymphopenic
patient, a therapy with hydroxychloroquine was started. Two
weeks later, the patient presented in reduced condition, still lym-
phopenic and inflammatory markers (C-reactive protein [CRP],
ferritin) increased further. On April 16 and 17, a total of three
units (900 mL) of convalescent plasma were administered. This
was repeated on May 5 and 6. Thereafter, viral loads dropped and
have remained negative since (Fig. 1A). Patient 2 is a 70-year-old
male with relapsed mantle cell lymphoma after allogeneic stem
cell transplantation in 2015. The relapse was treated with ibru-
tinib before therapy was switched to rituximab and bendamustin
and complete remission could be achieved. For consolidation
therapy, the patient was treated with donor lymphocyte infusion
and rituximab maintenance therapy until November 2019. On
April 6, 2020, the patient was admitted to a local hospital with
increasing dyspnoea and confirmed SARS-CoV-2 and influenza A
infection (nasopharyngeal swab from April 1, 2020). First onset of
symptoms was already on March 27 with headache, throat pain,
cough, and fever. Influenza therapy with oseltamivir was ini-
tiated. On April 21, he was admitted to our intensive care
unit. The patient was treated with broad-spectrum antibiotics,
hydroxychloroquine and intravenous immunoglobulin (IVIG),
due to secondary antibody deficiency. We administered three
units of convalescent plasma on April 23 and 24, which was
repeated on May 15 and 16. The patient tested negative for
SARS-CoV-2 on May 22 and has remained negative since. Patient
3 is a 49-year-old male who was first diagnosed with pancy-
topenia and splenomegaly in May 2020. Bone marrow puncture
revealed infiltration with indolent B-cell lymphoma. A computed
tomography (CT)scan showed no further manifestation. Immuno-
chemotherapy with rituximab/bendamustin was initiated and
the patient achieved complete remission after three cycles. On
September 17 and 18, 2020, the patient received the fourth cycle
of rituximab/bendamustin. Ten days later, the patient presented
at our emergency room with 1-day history of fever and cough and
tested SARS-CoV-2 positive. Due to neutropenia after chemother-
apy, treatment with G-CSF and antibiotics were initiated. A chest
CT scan showed bilateral infiltrates. As the patient had no need for
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oxygen substitution, no further treatment such as dexamethasone
or remdesivir was administered. On October 2 and 3 and 6 and
7, a total of six units of convalescent plasma were administered.
On October 10, fever subsided and CRP levels declined.

After administration of three units of immune plasma, patients
1 and 2 reached anti-SARS-CoV-2 antibody titers above the level
of positivity (>10 AU/mL). Patient 3, whose first CPT had a
lower specific antibody titer of 51 AU/mL compared to 61 and 81
AU/mL for patients 1 and 2, respectively, required a second appli-
cation to reach this threshold. Importantly, in all patients seropos-
itivity waned within 10–15 days (Fig. 1A). Despite the transient
presence of the specific antibodies, all patients cleared the virus
successfully. In all cases, application of the immune plasma was
well tolerated and did not cause any adverse events. Shortly after
administration, all patients improved in terms of clinical status
and CRP values (Fig. 1B).

Specific T-cell activation and expansion after
application of convalescent plasma

In patient 3 in particular, the reduction in viral load continued
gradually for weeks after serum antibody levels had dropped to
below the 10 AU/mL threshold. This raised the question whether
antigen-specific T-cell responses, known to contribute to recovery
from SARS-CoV-2 infection in B-cell-competent individuals, were
affected by CPT. We, therefore, studied the presence of activated
CD38+HLA-DR+ T cells ex vivo in available peripheral blood sam-
ples, retrospectively. Moreover, we looked at the expression of
the activation marker CD137 on CD4+ and CD8+ T cells after
overnight restimulation in vitro with peptides that together span
the lengths of SARS-CoV-2 S and N proteins. We previously found
CD137 to be a good marker for T cells that recognize SARS-CoV-
2 epitopes with high affinity [10]. In patient 1, CD38+HLA-DR+

CD4+ and CD8+ T cells showed a remarkable increase after the
first plasma administration but remained stable after the second
dose (Fig. 2A). A similar increase was seen in patient 3 after both
the first and second CPT. The second dose of plasma, with a higher
SARS-CoV-2-specific antibody titer, had a greater effect than the
first dose. In concordance with the ex vivo result, the number
of CD137+ CD4+ and CD8+ T cells after in vitro restimulation
peaked shortly after the first plasma dose in patient 1. For patient
2, unfortunately there were no samples available for FACS analy-
sis from before the first plasma dose, so we could not confirm that
this patient too showed a similar response. However, we could
detect a marked increase in absolute lymphocytes numbers after
the first plasma dose, as also seen in patient 1 (Fig. 2A).

As longevity of SARS-CoV-2 specific antibody responses is
under debate even in B-cell-competent individuals [11, 12], we
were interested in the persistence of SARS-CoV-2-specific CD4+

and CD8+ T cells in our B-cell-depleted patients after infection.
Restimulation of PBMCs from patients 1 and 2 with SARS-CoV-
2 S and N proteins 6 months after infection demonstrated the
retained presence of antigen-specific T cells, as evidenced by the
upregulation of the activation marker CD137 on CD4+ (Fig. 2B)
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Figure 1. Clinical parameters of B-cell-depleted patients suffering fromCOVID-19. (A) IgG/IgM serum levels during the course of disease (left y-axis)
and SARS-CoV-2 viral load (right y-axis) for each of the three patients and measured by CLIA and qPCR, respectively. (B) C-reactive protein (CRP)
levels during course of disease and time periods of inpatient treatment and measured by ELISA. Administration of three units of immune plasma
via intravenous infusion over 2 days is indicated by the black arrows and SARS-CoV-2-specific antibody titers in the plasma products are indicated.
Each data point corresponds to single measurements in the individual patient.

and CD8+ (Fig. 2C) T cells. We could not acquire a 6 months
postinfection sample from patient 3. The incidence of antigen-
specific T cells in B-cell-depleted donors was not lower than in
the B-cell-competent plasma donors [6,7].

There are several reports on patients with B-cell-deficiencies
suffering from COVID-19, with diverse outcomes. While most
reports are either on patients with agammaglobulinemia or with

rituximab treatment for autoimmune diseases [13–17], there are
fewer reports on COVID-19 in patients with rituximab treatment
for hematological malignancies [18]. Patients with agammaglob-
ulinemia generally seem to have a rather mild course of dis-
ease or can at least spontaneously recover from infection, indi-
cating that the presence of B cells is not strictly required to over-
come disease and supporting the notion of compensatory effects
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Figure 2. T-cell responses after con-
valescent plasma therapy. (A) Per-
centage (left y-axis) of CD38+HLA-
DR+, activated CD4+ and CD8+ T
cells in peripheral blood ex vivo
(circles), as well as percentage of
CD137+ CD4+ and CD8+ T cells after
overnight in vitro stimulation with
overlapping peptides that together
span the full length of SARS-CoV-
2 S and N proteins (triangles) and
measured by flow cytometry. Addi-
tionally, the absolute number of
lymphocytes in peripheral blood is
depicted (right y-axis). Each data
point corresponds to single mea-
surements in the individual patient.
Intravenous administration of three
units of immune plasma over 2 days
is indicated by the black arrows. (B
and C) CD137 expression on CD4+

and CD8+ T cells after overnight in
vitro stimulation with overlapping
peptides that together span the full
length of SARS-CoV-2 S and N pro-
teins and measured by flow cytom-
etry. Three B-cell-competent conva-
lescent plasma donors and B-cell-
depleted COVID-19 patients 1 and 2,
6 months after the first detection
of SARS-CoV-2 infection. Individual
values as well as mean ± SEM are
shown. n.s. = not significant, Mann–
Whitney test.

of other immune mechanisms. In contrast, patients with hemato-
logical malignancies, where rituximab therapy is routinely com-
bined with chemotherapy, have been reported to suffer from per-
sisting SARS-CoV-2 infection with fatal outcome [19]. The worse
outcome could be speculated to be due to the role of T cells
in the antiviral response as in these patients T-cell counts and
function are often disturbed. Our limited data hint at a poten-
tial increase in the number of activated, antigen-specific T cells
after CPT. This would be in line with reports from other infec-

tious diseases like influenza and Ebola that administration of spe-
cific antibodies induces formation of antigen-antibody complexes,
which enhance cellular immune responses [2, 3, 19]. This mech-
anism has been described to involve an increased uptake by APCs
through the Fc receptor, a FcR-dependent enhancement of MHC
class I-restricted cross-presentation, a shift in presentation of class
II-restricted determinant, and changes in cytokine expression by
APCs and T cells [19]. More extensive data would be required to
confirm a similar mechanism at play after CPT in B-cell-depleted
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COVID-19 patients. Additionally, it remains currently unclear if
the increase in antigen-specific T cells following CPT is unique
to B-cell-depleted individuals. Nonetheless, if our results can be
confirmed in larger studies, this could have major implications for
long-term protection against reinfection in these patients.

Concluding remarks

In conclusion, our data demonstrate efficacy of treatment with
convalescent plasma in three B-cell-depleted patients with COVID-
19. Although transferred antibody levels were only short-lived,
our data suggest promotion of specific cellular immunity by appli-
cation of convalescent plasma.

Materials and methods

All patients and donors provided written informed consent
according to the Declaration of Helsinki.

Detection of viral load

SARS-CoV-2 viral loads were determined by RT-PCR on nasopha-
ryngeal swabs or, when patients were on mechanical ventilation,
tracheal secretion. COVID-19 disease severity scores were based
on the NIH ordinal scale [20].

Flowcytometric analysis

Peripheral blood mononuclear cells (PBMCs) were isolated at sev-
eral time points for each donor, cryopreserved, and stored in liq-
uid nitrogen. All samples from one donor were analyzed at the
same time for consistency. Unstimulated PBMCs of the patients
were stained with antibodies to CD3 (clone HIT3α), CD4 (SK3),
CD8 (RPA-T8), CD38 (HB7), and HLA-DR (L243) plus 7AAD (all
from BD Bioscience) to detect activated T cells, ex vivo. To deter-
mine SARS-CoV-2 specific T-cell responses, PBMCs of the patients
or donors were incubated with 1 μg/mL of overlapping peptides
covering the whole nucleocapsid (N) and spike (S) proteins of
SARS-CoV-2 (JPT). After overnight incubation, antigen-specific
CD137+ T cells were detected using antibodies against CD3
(HIT3α), CD4 (RPA-T4), CD8 (SK1), and CD137 (4B4-1) as well
as 7AAD (BD Bioscience) or Zombie Green viability dye (Biole-
gend). Upregulation of CD137 expression after antigen stimula-
tion versus a DMSO-only control was confirmed for two samples
for each donor. Background CD137 expression remained very low
and stable between donors and samples (not shown). Data are
displayed as total CD137 expression. Samples were run on a BD
Canto II flow cytometer and analyzed with Kaluza Analysis 2.1
(Beckman Coulter) or FlowJo 10.5.3 (BD Life Sciences) software.
Gating strategy and representative CD137 expression versus con-
trols are depicted in Supporting Information Figure S1.

Manufacturing of convalescent plasma

COVID-19 convalescent plasma was produced according to EU
guidelines after approval by local authorities (“Regierung von
Oberfranken”; Nr: ROF-SG55-2-2678 3-6-26-29) and informed,
written consent from donors. Donors were tested positive for anti-
S IgG SARS-CoV-2 antibodies by two independent assays, an anti-
S IgG ELISA (Euroimmune) and anti-S1/S2 IgG CLIA (DiaSorin).
Additionally, S- and N-specific IgG level in the patient sera were
measured by a fully automated CLIA (Shenzhen Yhlo Biotech).
Finally, the neutralizing capacity of the donors’ plasma were deter-
mined in an immunofluorescence focus assay and the NT50 were
confirmed to be higher than 160.

Acknowledgements: The authors thank the patients for their
participation in this study and their colleagues for collabora-
tion on the care of the patient. This work was supported by the
“Bavarian Ministry of Art and Science” to A.N.K., M.A. and S.V.
and A.E.K. and the Wilhelm Sander Foundation project number
2020.045.1 to M.A., A.N.K. and S.V.

Conflict of interest: The authors have no financial or commercial
conflict of interests.

Author contributions: A.E.K., A.N.K., and J.V. wrote the
manuscript; A.N.K., S.V., A.E.K., and J.V. prepared the figures;
M.A., C.M., M.T., G.L.-G., K.K., and S.V. performed experiments;
and C.W., S.A., R.S., M.V., M.F.N., A.M., H.H., and M.S. con-
tributed to samples acquisition and patient care. All authors
reviewed and approved the manuscript.

Ethics approval: All patients and donors provided written
informed consent according to the Declaration of Helsinki. Ethics
approval for plasma manufacturing was given by the “Regierung
von Oberfranken”; Nr: ROF-SG55-2-2678 3-6-26-29 and for col-
lection of blood specimen by the local ethics committee; Nr:
174_20B.

Data availability statement: The data that support the findings
of this study are available from the corresponding author upon
reasonable request.

Peer review: The peer review history for this article is available
at https://publons.com/publon/10.1002/eji.202149277.

References

1 Shahani, L., Singh, S. and Khardori, N. M., Immunotherapy in clinical

medicine: historical perspective and current status. Med. Clin. North Am.

2012. 96(3): 421–431, ix.

© 2021 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH

www.eji-journal.eu



2484 Andreas E. Kremer et al. Eur. J. Immunol. 2021. 51: 2478–2484

2 Marano, G., Vaglio, S., Pupella, S., Facco, G., Catalano, L., Liumbruno, G.

M., Liumbruno, G. M. et al., Convalescent plasma: new evidence for an

old therapeutic tool? Blood Transfus. 2016. 14(2): 152–157.

3 Garraud, O. and Tissot, J. D., Blood components: are they drugs or special

medicines? Transfus. Clin. Biol. 2016. 23(3): 127–131.

4 Libster, R., Perez Marc, G.,Wappner, D.,Coviello, S., Bianchi, A., Braem, V.,

Esteban, I. et al., Early high-titer plasma therapy to prevent severe Covid-

19 in older adults. N. Engl. J. Med. 2021. 384(7): 610–618.

5 Joyner,M. J.,Carter, R. E.,Senefeld, J.W.,Klassen, S.A.,Mills, J. R., Johnson,

P. W., Theel, E. S. et al., Convalescent plasma antibody levels and the risk

of death from Covid-19. N. Engl. J. Med. 2021. 384(11): 1015–1027.

6 Simonovich, V. A., Burgos Pratx, L. D., Scibona, P., Beruto, M. V., Vallone,

M. G., Vázquez, C., Savoy, N. et al., A randomized trial of convalescent

plasma in Covid-19 severe pneumonia. N. Engl. J. Med. 2021. 384(7): 619–

629.

7 Hueso, T., Pouderoux, C., Péré, H., Beaumont, A. L., Raillon, L. A., Ader,

F., Chatenoud, L. et al., Convalescent plasma therapy for B-cell-depleted

patients with protracted COVID-19. Blood 2020. 136(20): 2290–2295.

8 Betrains, A., Godinas, L., Woei, A. J. F., Rosseels, W., Van Herck, Y.,

Lorent,N.,Dierickx,D.et al., Convalescent plasma treatment of persistent

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection

in patients with lymphoma with impaired humoral immunity and lack

of neutralising antibodies. Br. J. Haematol. 2021. 192(6): 1100–1105.

9 Kenig, A., Ishay, Y.,Kharouf, F. and Rubin, L., Treatment of B-cell depleted

COVID-19 patients with convalescent plasma and plasma-based prod-

ucts. Clin. Immunol. 2021. 227: 108723.

10 Verhagen, J.,Van derMeijden, E.D.,Lang,V.,Kremer,A. E.,Völkl, S.,Mack-

ensen, A., Aigner, M. et al., Human CD4+ T cells specific for dominant

epitopes of SARS-CoV-2 spike and nucleocapsid proteins with therapeu-

tic potential. Clin. Exp. Immunol. 2021. https://doi.org/10.1111/cei.13627

11 Iyer, A. S., Jones, F. K., Nodoushani, A., Kelly, M., Becker, M., Slater, D.,

Mills, R. et al., Persistence and decay of human antibody responses to

the receptor binding domain of SARS-CoV-2 spike protein in COVID-19

patients. Sci. Immunol. 2020. 5(52): eabe0367.

12 Wajnberg, A., Amanat, F., Firpo, A., Altman, D. R., Bailey, M. J., Mansour,

M., McMahon, M. et al., Robust neutralizing antibodies to SARS-CoV-2

infection persist for months. Science. 2020. 370(6521): 1227–1230.

13 Quinti, I., Lougaris, V., Milito, C., Cinetto, F., Pecoraro, A., Mezzaroma, I.,

Mastroianni, C. M. et al., A possible role for B cells in COVID-19? Lesson

from patients with agammaglobulinemia. J. Allergy Clin. Immunol. 2020.

146(1): 211–213 e4.

14 Creed, M. A., Ballesteros, E.,Greenfield, Jr L. J. and Imitola, J., Mild COVID-

19 infection despite chronic B cell depletion in a patient with aquaporin-

4-positive neuromyelitis optica spectrum disorder.Mult. Scler. Relat. Disord.

2020. 44: 102199.

15 Safavi, F.,Nourbakhsh, B. and Azimi, A. R., B-cell depleting therapiesmay

affect susceptibility to acute respiratory illness among patientswithmul-

tiple sclerosis during the early COVID-19 epidemic in Iran.Mult. Scler. Relat.

Disord. 2020. 43: 102195.

16 Avouac, J., Airo, P., Carlier, N., Matucci-Cerinic, M. and Allanore,

Y., Severe COVID-19-associated pneumonia in 3 patients with

systemic sclerosis treated with rituximab. Ann. Rheum. Dis. 2020.

https://doi.org/10.1136/annrheumdis-2020-217864

17 Soresina, A.,Moratto, D.,Chiarini,M.,Paolillo, C.,Baresi, G.,Foca, E.,Bezzi,

M. et al., Two X-linked agammaglobulinemia patients develop pneumo-

nia as COVID-19 manifestation but recover. Pediatr. Allergy Immunol. 2020.

31(5): 565–569.

18 Tepasse, P. R., Hafezi, W., Lutz, M., Kuhn, J., Wilms, C., Wiewrodt, R.,

Sackarnd, J. et al., Persisting SARS-CoV-2 viraemia after rituximab ther-

apy: two cases with fatal outcome and a review of the literature. Br. J.

Haematol. 2020. 190(2): 185–188.

19 Brady, L. J.Antibody-mediated immunomodulation: a strategy to improve

host responses against microbial antigens. Infect. Immun. 2005. 73: 671–

678.

20 Mathew, D., Giles, J. R., Baxter, A. E., Oldridge, D. A., Greenplate, A. R.,

Wu, J. E., Alanio, C. et al., Deep immune profiling of COVID-19 patients

reveals distinct immunotypes with therapeutic implications. Science 2020.

369(6508): eabc8511.

Abbreviations: COVID-19: coronavirus disease in 2019 · CPT: con-
valescent plasma therapy · CRP: C-reactive protein · SARS-CoV-2:
severe acute respiratory syndrome coronavirus 2

Full correspondence: Prof. Andreas E. Kremer, Department of
Gastroenterology and Hepatology, University Hospital Zürich,
Rämistrasse 100, CH-8091 Zürich, Switzerland.
e-mail: andreas.kremer@usz.ch

Received: 25/3/2021
Revised: 22/6/2021
Accepted: 28/7/2021
Accepted article online: 4/8/2021

© 2021 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH

www.eji-journal.eu


