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Abstract: The use of antivirals, corticosteroids, and IL-6 inhibitors has been recommended by the
WHO to treat COVID-19. CP has also been considered for severe and critical cases. Clinical trials on
CP have shown contradictory results, but an increasing number of patients, including immunocom-
promised ones, have shown benefits from this treatment. We reported two clinical cases of patients
with prolonged COVID-19 infection and B-cell depletion who showed rapid clinical and virological
recovery after the administration of CP. The first patient in this study was a 73-year-old female
with a history of follicular non-Hodgkin lymphoma previously treated with bendamustine followed
by maintenance therapy with rituximab. The second patient was a 68-year-old male with chronic
obstructive pulmonary disease, bipolar disorder, alcoholic liver disease, and a history of mantellar
non-Hodgkin lymphoma treated with rituximab and radiotherapy. After the administration of CP,
both patients showed a resolution of symptoms, improvement of their clinical conditions, and a
negative result of the nasopharyngeal swab test. The administration of CP might be effective in
resolving symptoms and improving clinical and virological outcomes in patients with B-cell depletion
and prolonged SARS-CoV2 infections.

Keywords: COVID-19; COVID-19 convalescent plasma; immunocompromised patients; SARS-CoV-2;
rituximab

1. Introduction

Since the beginning of the COVID-19 pandemic, almost 780 million people globally
have been infected, and 6.9 million have died from the infection [1]. Compared to the first
treatment approaches (i.e., hydroxychloroquine, azithromycin, and lopinavir), the current
therapeutic scenario for SARS-CoV-2 infection has changed significantly. The new WHO
guidance confirms the indication to use antivirals, corticosteroids, and IL-6 inhibitors to
treat COVID-19 at different clinical stages [2]. Among the suggested therapeutic strategies,
convalescent plasma (CP) has also been reported in the last WHO guidelines, although only
in research settings [2] or under an Emergency Use Authorization (EUA) according to the
Food and Drug Administration framework [3]. CP is a method of passive immunization,
and it has been previously used as a treatment option for other viral infections, such as the
Spanish influenza pandemic in 1918, the severe acute respiratory syndrome (SARS), the
Middle-East respiratory syndrome (MERS), and the Ebola virus infection [4].

Different clinical trials on the use of CP as a treatment for SARS-CoV-2 infection
have provided ambiguous results on its efficacy [5–9]. In fact, most of these included
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patients with severe forms of COVID-19, severe hypoxaemia, and the necessity for invasive
mechanical ventilation. In these subjects, CP was ineffective in reducing mortality or
improving the clinical condition, probably due to the extremely advanced inflammatory
state of the infection [10].

Nevertheless, increasing clinical cases demonstrate a real benefit for patients with mild
and moderate forms of COVID-19 treated with CP [11–15]. The major success seems to be
in immunocompromised patients. In the case of treatment with rituximab, patients may
develop hypogammaglobulinemia post-treatment and a failure of B-cell function recovery.
Consequently, the following B-cell depletion impairs the adaptive immune response and
the ability to produce neutralising antibodies; for these reasons, in B-cell-depleted subjects,
the SARS-CoV-2 infection can often persist for several months [16–20] or rapidly evolve
into the critical form [21]. In this context, using COVID-19 CP (CCP) appears promising for
haematological patients, especially those who cannot produce neutralising antibodies.

We report two clinical cases of patients with B-cell depletion and prolonged COVID-19
that resulted in rapid clinical and virological recovery after the administration of CP.

2. Detailed Case Descriptions

Case 1: A 73-year-old female patient affected by follicular non-Hodgkin lymphoma
(stage 3) since 2020. She was treated with bendamustine (until August 2020), followed
by maintenance therapy with rituximab (until February 2022), obtaining remission of
the disease. She was immunized with three doses of the COVID-19 mRNA vaccine. On
15 April 2022, she tested positive for SARS-CoV-2 infection with a nasopharyngeal swab
(NPS). She was treated as an outpatient, and she tested negative for a new NPS after
two weeks. On 10 May, she complained of a relapse of fever and dyspnea. On 11 May,
she started empirical antibiotic therapy (cotrimoxazole 160 mg/800 mg q12h per os), but
after a few days, she was admitted to the emergency room with type 1 respiratory insuf-
ficiency, and the SARS-CoV2 NPS confirmed a positive result. Thus, she was referred
to the Department of Medicine for a relapse of the SARS-CoV2 infection. The lung
CT scan showed interstitial bilateral pneumonia (Figure 1a). Remdesevir (200 mg IV,
followed by 100 mg IV q24h for 4 days) was started on 10 May, together with low molec-
ular weight heparin (LMWH), desamethasone (6 mg IV q24h), and low flow oxygen
therapy, obtaining defervescence and partial improvement of clinical conditions. She
was discharged on 17 May from home isolation because she was still positive for SARS-
CoV-2 and on therapy with oral steroids. On June 7, her fever and dyspnea relapsed, and
she was readmitted to the hospital with the NPS still positive. We measured IgM titers
against the anti-spike (anti-S) and anti-nucleocapsid (anti-N) proteins of SARS-CoV-2
and found them undetectable (cut-off > 0.1 AU/mL) as well as the titer of the anti-Spike
IgG (<3.8 AU/mL, cut-off >15 AU/mL). Immunophenotyping by flow cytometry con-
firmed a 0% presence of CD19+ B-lymphocytes. Antibiotics (piperacillin/tazobactam
4.5 gr IV q8h) and corticosteroid therapy were started on 8 June. A bone marrow biopsy
was performed, and no signs of lymphoma were revealed, but there was marked hypocel-
lularity. The patient was discharged on 26 June and was still positive (NPS). Since the
patient experienced recurrent episodes of fever and cough, she was further admitted
to the hospital on 10 August. A new lung CT scan showed a worsening of the bilateral
interstitial infiltrations, and a blood gas analysis showed pO2 of 63 mmHg and pCO2
of 30 mmHg. The viral load on the NPS was high (Cycle Threshold (CT) 18). Whole-
genome sequencing of the virus showed that the strain belonged to the BA.2 variant. On
26 August, the ethical committee of North-Western Tuscany granted permission to use
COVID-19 CP, taking into account the critical clinical condition of the patient. Three CP
units were administered: the first on 27 August (300 mL; IgG anti-Spike 23,469.2 Au/mL;
3332.6 BAU/mL); the second on 2 September (300 mL; IgG anti-spike 12,635.3 Au/mL;
1794.2 BAU/mL); and the third on 10 September (300 mL; IgG anti-spike >40,000 Au/mL;
>5680 BAU/mL). All donors were double-vaccinated and convalescent from different
SARS-CoV-2 variants. No adverse reactions during or after the CP infusion were regis-
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tered. The resolution of the fever was obtained on 30 August, the dyspnea progressively
improved, and the last lung CT scan (on 7 September) showed an evolution from intersti-
tial pneumonia to fibrosis (Figure 1a). NPS became negative on 15 September, five days
after the last CP administration. One month later, the patient remains asymptomatic; an
additional NPS confirmed remission of the SARS-CoV-2 infection (Table 1).
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Figure 1. Chest CT scan before (upper row) and after (lower row) CP treatment. (a) Case 1; (b) Case 2.

Table 1. Cycle Threshold (CT) values from qualitative PCR serial nasopharyngeal swabs (NPS).

Before CP After 1◦ CP After 2◦ CP After 3◦ CP Last NPS

Patient 1 16 24 26 38 Neg
Patient 2 25 28 38 / Neg

CP: convalescent plasma; Neg: negative.

Case 2: A 68-year-old male patient affected by chronic obstructive pulmonary
disease (COPD) with in-home oxygen therapy, bipolar disorder, and alcoholic liver
disease. In 2012, a mantellar non-Hodgkin lymphoma was diagnosed and treated with
rituximab and radiotherapy, resulting in the complete remission of the disease. The
patient was not vaccinated against SARS-CoV-2. On 14 July 2022, he tested positive
for a NPS for SARS-CoV-2 and was admitted to the Department of Pneumology for
fatigue and dyspnoea. A chest X-ray was negative for interstitial pneumonia, and the
patient was treated with a 3-day course of remdesivir (200 mg IV as a loading dose,
then 100 mg/day IV for 2 days, from 15 to 17 July) and then discharged. At the end
of August 2022, the patient was admitted to the hospital again for high fever (39 ◦C)
and respiratory distress; the molecular NPS resulted in a positive (CT 25). The lung
CT scan showed bilateral interstitial pneumoniae (Figure 1b), and the blood exams
revealed a C-reactive protein of 30 mg/dl and a d-dimer of 3300 ng/mL FEU. The dosage
of anti-Spike IgM was 0.112 AU/mL (cut-off > 0.1 AU/mL), while anti-Spike IgG was
<3.8 AU/mL (cut-off >15 AU/mL). Evaluation of CD19+ B-lymphocytes was 0% at the
immunophenotyping by flow cytometry. The urinary antigen test was negative, as
were the blood culture, urine culture, and film-array respiratory panel. A blood gas
analysis revealed pO2 of 65 mmHg and pCO2 of 34 mmHg. The patient was treated with
low-flow oxygen rates, steroids, and empiric antibiotic therapy (piperacillin/tazobactam
4.5 gr IV q8h and doxycycline 100 mg OS q12h, from 26 August to 6 September). Fur-
thermore, considering the negative titre of anti-Spike IgG, the monoclonal combination
tixagevimab/cilgavimab (150 mg/150 mg IM) was administered, leading to a partial re-
duction of fever. On 5 October, he was discharged with a molecular NPS that tested posi-
tive (Cycle Threshold 28) and steroid therapy per os (prednisolone 25 mg + 12.5 mg q24h).
On 25 October, the patient returned to the hospital complaining of a high fever (40 ◦C)
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and the persistence of the SARS-CoV-2 infection. A new lung CT scan revealed a fi-
brotic thickening of the interstitium and bilateral ground-glass areas (Figure 1b). A
bone marrow biopsy excluded a relapse of lymphoma but showed cellularity < 25%.
The microbiological culture showed no evidence of bacterial infections; thus, antibi-
otics were stopped. The dosage of anti-Spike IgM and anti-N IgM was 0.20 AU/mL
(cut-off > 0.1 AU/mL), while anti-Spike IgG was >400 AU/mL (cut-off >15 AU/mL).
The administration of COVID-19 CP was considered for the patient, and on 16 November,
the ethical committee of North-Western Tuscany granted permission to use it after the
evaluation of the patient’s clinical history. The first COVID-19 CP units were adminis-
tered on 19 November (500 mL; IgG anti-Spike >40,000 AU/mL; 5680 BAU/mL) and the
second one on 24 November (500 mL; IgG anti-Spike 32,087 AU/mL; 4556 BAU/mL).
Moreover, in this case, the donors were double-vaccinated and then infected by SARS-
CoV2. The CP infusion was well tolerated; the day after the first CP infusion, complete
resolution of the fever and clinical improvement in the patient were observed. The
patient was discharged in good medical condition after the NPS became negative for
SARS-CoV-2 on 26 November (Table 1).

3. Discussion

We described the positive clinical and virological outcomes of two patients with B-cell
depletion and prolonged SARS-COV-2 infection treated with COVID-19 CP.

The therapeutic efficacy of CP in COVID-19 has been investigated since the pandemic
began when antivirals were not yet available. Unfortunately, the major clinical trials
conducted have shown highly variable and discordant results, and this has prevented a
clear definition of the therapeutic role of CP in SARS-CoV-2 infection [10]. Furthermore,
clinical trials often do not include immunocompromised patients, such as those affected by
haematological malignancies. However, international scientific societies are recognising the
potential benefit of COVID-19 CP in the treatment of immunocompromised patients [22,23].
For instance, the European Conference on Infections in Leukaemia (ECIL 9) recommends
high titre CP in patients with haematological and mild COVID-19 disease within 72 h
of symptom onset; use is also recommended in patients with the moderate disease [22].
Likewise, the Association for Advancement of Blood and Biotherapies (AABB) recommends
the use of CP in outpatients with COVID-19 and immunocompromised conditions to reduce
the risk of hospitalisation from disease progression (a weak recommendation); it also agrees
with the use of CP in hospitalised patients with moderate–severe disease if they are lacking
anti-SARS-COV-2 antibodies [23].

Our presented patients had a clinical history of lymphoma treated with rituximab.
The use of anti-CD20 antibodies has a profound impact on B-cell function, leading patients
treated with rituximab and affected by COVID-19 to be unable to mount an antibody
response [19]. Possible consequences are the risk of progression to severe disease, relapsing
symptoms after an apparent clinical or microbiological remission, and prolonged virus
positivity [21,24]. Thanks to the presence of neutralising antibodies (NAb), CP might be a
therapeutic strategy due to its direct antiviral actions. NAbs are essential for virus clearance
and protecting against viral diseases. Infusion of CP with the passive immunity driven by
it can provide the NAbs that may restrain the SARS-CoV-2 infection [25].

In addition, based on the evidence collected during previous use of CP in other viral
infections, CP may be efficient in the control of the over-activation of the immune system
during SARS-CoV-2 infections (i.e., cytokine storm and complement activation) and in the
immunomodulation of a hypercoagulable state [25].

The benefit of CP in B-cell-depleted patients has been reported in previous cases. In a
patient affected by follicular lymphoma treated with rituximab and COVID-19 who required
intubation and mechanical ventilation, Wright et al. reported the success of a single CP unit
of 200 mL in recovering the clinical condition since the day after the administration [26].
Likewise, in a single-centre experience, Oliva et al. found survival in five out of six subjects
with severe COVID-19 and cell-B lymphocyte depletion after three infusions of 300 mL
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of CP on alternate days [27]. A retrospective analysis of a small cohort of patients with
COVID-19 admitted to the ICU described the survival of B lymphocyte-depleted patients
compared to those immunocompetent after high-titre CP infusion. Thus, suggesting a
potential benefit of hyperimmune plasma in patients with deficient antibody production,
even with severe SARS-CoV-2 disease [28]. Furthermore, no adverse events were registered
after the administration of convalescent plasma.

A further advantage of CP in haematological patients seems to be the reduction in
the duration of hospitalisation. A retrospective observation was conducted on 33 patients
affected by severe COVID-19 and haematological malignancies. The results showed that
patients who started plasma therapy within seven days of a SARS-CoV-2 diagnosis had a
shorter hospitalisation duration than patients who received treatment later than one week.
Unfortunately, there was no difference in mortality in patients receiving early versus late
CP administration [29].

CP could be a valid therapeutic strategy to achieve clinical and microbiological re-
covery in prolonged COVID-19 and moderate disease, as noted in our experience. An
observation in 17 patients affected by prolonged COVID-19 and without seroconversion
showed that administration of CP was effective in the rapid recovery of clinical conditions
(remission of fever and discontinuation of oxygen therapy) and the rapid decrease of
RNAemia detected by digital droplet PCR. In addition, inflammatory markers (C-reactive
protein and interleukin-6) were recorded as negative in less than one week [30]. Other
studies report analogous results in immunocompromised patients with a long course
of COVID-19, where the benefit has also been reported in improved lung lesions and
inflammatory markers [31–33].

In Case 2, the patient received tixagevimab/cilgavimab as prophylaxis. Despite
the presence of anti-Spike IgG following the monoclonal antibody injection, this was
not enough to avoid the SARS-CoV-2 infection and the progression of the disease. On
26 January 2023, the Food and Drug Administration (FDA) announced the decision to
suspend the authorization for tixagevimab/cilgavimab because of the lack of effect on
new emergent SARS-CoV-2 variants [34]. Moreover, the other authorised anti-Spike mAbs
(such as casirivimab/imdevimab and bamlanivimab/etesevimab) have become ineffective
against recent Omicron sublineages and have been deauthorized by the FDA [35], leaving
convalescent plasma as the only passive immunotherapy available. However, since we
could not perform SARS-CoV-2 genome sequencing in the second patient, we cannot
exclude the possibility that the failure of tixagevimab/cilgavimab was due to a lack of
sensitivity to the virus variant that had infected the patient.

However, while the reported clinical evidence demonstrates the potential therapeutic
effect of COVID-19 CP in haematological patients, some controversies remain open, such
as the correct timing of CP administration, the dosage, and the duration of treatment.

As mentioned above, the most favourable timing for CP administration in immuno-
compromised patients seems to be the early phase of SARS-CoV-2 infection to provide a
rapid immune response and prevent disease progression [22,23,36].

In one small study, the infusion of two units of COVID-19 CP resulted in a higher
titre of detectable antibodies than a single administration [37]. In addition, in the case of
persistent SARS-CoV-2 infection (with NPS that tested positive), as can occur in patients
with B-cell function deficiency, administering two units of CP would seem more effective for
viral eradication [38]. In a systematic review, Senefeld et al. similarly found that the mean
number of two COVID-19 CP administrations was adopted among immunocompromised
patients [17]. Further doses of CP should only be considered in the presence of virus
persistence [36,38]. In fact, in our presented cases, while the second patient tested negative
for NPS after two CP administrations, the first treated patient received three CP infusions
due to the persistently positive test.

Currently, the use of CP is permitted as an off-label indication [31,33], and it implies
authorization by the Ethics Committee. It is to be expected that this pathway can soon be
simplified in order to use CP in patients who are ready candidates. In particular, we hope
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for the design of clinical trials that consider the use of CP in immunocompromised patients
with SARS-CoV-2 infection and without seroconversion; those should also provide a better
understanding of information that is now unclear, such as the optimal dose of plasma to
infuse and the most effective antibody titre.

4. Conclusions

Our experience suggests that convalescent plasma was safe and effective in treating
two B-cell-depleted patients affected by moderate and prolonged SARS-CoV-2 infections.
Similar to our experience, several data points suggest that CP should be considered a
therapeutic strategy in COVID-19 patients with persistent infections or without serocon-
version. However, more evidence and trials are needed to establish the proper use of this
therapeutic strategy.
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