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A B S T R A C T

Background: Effective treatments are still needed to reduce the severity of symptoms, time of hospitalization,
and mortality of COVID-19. SARS-CoV-2 specific memory T-lymphocytes obtained from convalescent donors
recovered can be used as passive cell immunotherapy.
Methods: Between September and November 2020 a phase 1, dose-escalation, single centre clinical trial was
conducted to evaluate the safety and feasibility of the infusion of CD45RA� memory T cells containing SARS-
CoV-2 specific T cells as adoptive cell therapy against moderate/severe cases of COVID-19. Nine participants
with pneumonia and/or lymphopenia and with at least one human leukocyte antigen (HLA) match with the
donor were infused. The first three subjects received the lowest dose (1 £ 105 cells/kg), the next three
received the intermediate dose (5 £ 105 cells/kg) and the last three received the highest dose (1 £ 106 cells/
kg) of CD45RA� memory T cells. Clinicaltrials.gov registration: NCT04578210.
Findings: All participants’ clinical status measured by National Early Warning Score (NEWS) and 7-category
point ordinal scales showed improvement six days after infusion. No serious adverse events were reported.
Inflammatory parameters were stabilised post-infusion and the participants showed lymphocyte recovery
two weeks after the procedure. Donor microchimerism was observed at least for three weeks after infusion
in all patients.
Interpretation: This study provides preliminary evidence supporting the idea that treatment of COVID-19
patients with moderate/severe symptoms using convalescent CD45RA� memory T cells is feasible and safe.
Funding: Clinical Trial supported by Spanish Clinical Research Network PT17/0017/0013. Co-funded by Euro-
pean Regional Development Fund/European Social Fund. CRIS CANCER Foundation Grant to AP-M and Agen-
cia Valenciana de Innovaci�on Grant AVI-GVA COVID-19-68 to BS.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) emerged in December 2019 causing a global pandemic. Older
patients and patients with pre-existing comorbidities are at higher
risk for complications, including pneumonia and T cell lymphopenia,
an indicator of disease severity and higher death risk [1]. Until an
effective and available vaccine is distributed, physical distancing and
isolation are critical measures to control the infection. So far, effective
treatments are still needed to reduce the severity of symptoms, time
of hospitalisation, and mortality. Antiviral treatments and adminis-
tration of convalescent plasma have not shown the expected impact
in mortality [2�4]. Currently, only treatment with steroids has been
reported to decrease mortality in patients with severe and critical
Coronavirus disease 2019 (COVID-19) [5]. COVID-19 progression is
generally biphasic, initially viral and afterwards inflammatory [6�8].
Since the COVID-19-induced lymphopenia constitutes a therapeutic
window that may facilitate donor engraftment and viral protection
until recovery, we hypothesised that SARS-CoV-2 specific memory T-
lymphocytes obtained from convalescent donors recovered from
COVID-19 can be used as passive cell immunotherapy to treat

Research in context

Evidence before this study

We searched PubMed, preprinted servers and other channels
through Google search from November 2020 to February 2021
for publications and reports for “COVID-1900 “cell therapy”,
“clinical trials”, “COVID-19 and T cell responses”, “SARS-CoV-2
specific T cells”, “SARS-CoV-2 specific memory T cells”. We
found one interventional (NCT04457726) study using SARS-
CoV-2 specific T cells with no results yet. We didn’t find any
clinical trial using SARS-CoV-2 specific memory T cells. We
have previously published that the procedure for obtaining
these cells is feasible, easy to implement for small-scale manu-
facture, quick and cost-effective, involves minimal manipula-
tion, and has no GMP requirements. We found several reports
highlight the importance of robust and durable T cell memory
for SARS-CoV-2 for the management of the current pandemic.

Added value of this study

We report the outcomes of the first report of human passive
adoptive cell therapy for COVID-19 using allogeneic, off-the-
shelf CD45RA� memory T cells obtained from a convalescent
COVID-19 donor. A phase 1, dose-escalation, single centre clini-
cal trial was conducted in Madrid, Spain, including 9 patients.
We describe the safety and feasibility of the infusion. No serious
adverse effects were reported. Inflammatory parameters were
stabilised post-infusion. All participants’ clinical status showed
improvement six days after infusion, lymphocyte recovery two
weeks after the procedure and donor microchimerism was
observed at least for three weeks after infusion.

Implications of all the available evidence

So far effective treatments are still needed to reduce the sever-
ity of symptoms, time of hospitalisation, and mortality of
COVID-19. Our hypothesis is that SARS-CoV-2 specific memory
T-lymphocytes obtained from convalescent donors recovered
from COVID-19 can be used as a passive cell immunotherapy to
treat pneumonia and lymphopenia in moderate/severe
patients. We have shown safety of the procedure, we are now
developing the phase 2 clinical trial to show treatment efficacy.
pneumonia and lymphopenia in moderate/severe patients [9,10]. In
addition, the broad donor memory T cell repertoire may protect these
vulnerable patients from other common viral co-infections as it has
been previously reported in hematopoietic stem cell transplant
[11�15].

We previously reported the existence of a SARS-CoV-2 specific T
cell population within the CD45RA�memory T cells from the blood of
convalescent donors [10]. A wide number of doses can be easily man-
ufactured using CliniMACS Miltenyi� device without the need of a
Good Manufacturing Practice (GMP) facility [16]. These cells can be
stored and be immediately available as an “off-the-shelf” COVID-19
convalescent donor-derived biobank [10].

The RELEASE trial (NCT04578210) is a phase I/II clinical trial that
uses adoptive cell therapy based on NK cells or memory T cells
derived from patients that suffered from COVID-19; being the goal of
phase I to evaluate the safety, feasibility, and recommended phase II
dose (RP2D) of a single infusion.

Here, the outcomes of the memory T cell arm of the RELEASE
Phase I clinical trial are reported. The NK cell arm of the study was
closed due to a lack of financing, therefore, there are no significant
outcomes.

2. Methods

2.1. Study design

RELEASE Phase I clinical trial was conducted at La Paz University
Hospital, Madrid, Spain between September and November 2020.
The trial was approved by the institutional review board and was
conducted following Good Clinical Practice guidelines and the Decla-
ration of Helsinki. All patients provided written informed consent.
The investigators designed the trial, collected the data, and per-
formed the analysis. The authors vouch for the accuracy and com-
pleteness of the data and the fidelity of the trial to the protocol, with
the full text of this article under preparation. The protocol of the trial
(Appendix 1) was approved by the Ethics Committee of Hospital Uni-
versitario La Paz (identifier: Clinical Ethical Approval No. HULP:5579)
and overseen by a data and safety monitoring board. All the authors
participated in writing the submitted manuscript. Clinicaltrials.gov
registration: NCT04578210.

2.2. Participants

18 years and older hospitalised adults were screened for enrol-
ment if they had a positive reverse-transcriptase�polymerase-chain-
reaction (RT-PCR) assay for SARS-CoV-2 from a nasopharyngeal
swab, radiologically confirmed pneumonia and/or lymphopenia,
O2Sat � 94% on room air at screening, with no oxygen requirement
or with an oxygen need of � 2.5 lpm by nasal cannula, and less than
ten days since onset of symptoms. Clinical and analytical monitoring
was performed. Ten participants were enrolled in the trial. One was
excluded due to the lack of an HLA antigen matching donor.

2.3. Intervention

After informed consent, eligible participants were studied for HLA
genotype matching between patient and donor. When there was at
least one HLA match (one or two fields of resolution for loci A, B or
DRB1, DQB1) between donor and patient, a single infusion of conva-
lescent CD45RA� memory T cells containing SARSCoV-2 specific T
cells were administered.

Participants were sequentially enrolled to receive a single infusion
in a dose-escalating manner. The first cohort of patients received a
single dose of 1 £ 105 cells/kg (low dose), the second cohort received
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a single dose of 5 £ 105 cells/kg (intermediate dose) and the third
cohort of patients received a single dose of 1 £ 106 cells/kg (high
dose), as is shown in Fig. 2A.

The participants were infused with CD45RA� T cells at their
respective doses through a standard blood filter in a gravity-driven
system previously medicated with intravenous diphenhydramine
5 mg and acetaminophen 1 gm.

2.4. Donor selection and procedure for memory T cells selection and
preservation

A single donor was selected based on the presence of SARS-CoV-2
specific memory T cells [10] (Fig. 2B) and an HLA genotype that could
cover around 93.6% of the Spanish population [9]. The percentage of
CD45RA�CD3+ cells was 99.8% post depletion, and the total cell num-
ber was 1.44 £ 109. As expected, most of the cells were
CD45RA�CD4+ (99.8%) (Supplemental Table 1).

Blood donor selection was performed by the Regional Blood Trans-
fusion Centre according to the following criteria: � 65 years old, posi-
tive SARS-CoV-2 tested by PCR during the disease and complete
resolution of symptoms for at least 14 days before donation. The donor
had to have at least one SARS-CoV-2 negative test by PCR from a naso-
pharyngeal swab, or, if available, a negative SARS-CoV-2 viremia tested
by quantitative PCR in blood, before the blood donation. The donor
blood was HLA typed. Clinical history and physical examination,
including venous access, as well as blood count, biochemistry, and
serological studies were performedwithin seven days before the aphe-
resis. Donor�s characteristics and apheresis were obtained as previously
described [10]. Briefly, non-mobilized apheresis was obtained from the
convalescent donor using Spectra-Optia. CD45RA+ cells were depleted
by immunomagnetic separation using CliniMACS CD45RA Reagent and
CliniMACS Plus system, both from Miltenyi Biotec, following manufac-
turer's instructions. CD45RA� cells were aliquoted for cryopreservation
in doses adjusted to 100 kg of weight and the three planned doses. Ali-
quots were cryopreserved in a double bag using donor autologous
plasma with a final concentration of 5% dimethyl sulfoxide (DMSO).
CD45RA� aliquots were removed from liquid nitrogen storage and
thawed in a dry defroster. Infusion of cryopreserved CD45RA� lym-
phocytes was performed 15 min after thawing. Cell count, viability,
and microbiological studies were performed after each aliquot was
thawed. CD45RA� fraction viability and purity were analysed by flow
cytometry (FCM) and is shown in Supplemental Table 1.

2.5. Study procedures

The study visits and procedures performed are shown in Supple-
mental Table 2.

Subjects were screened within two days before inclusion and dos-
ing to determine their eligibility to participate in the study. Study
subjects who fulfilled all the inclusion criteria and none of the exclu-
sion criteria were immediately offered to participate. Inclusion and
dosing occurred on the same day if possible.

Participants must have completed the following assessments
before administration of the study drug: Physical examination, docu-
mentation of respiratory status, blood samples collections (only
before day one, for haematological, chemical, immunological function
markers, and donor chimerism analysis), and a record of any adverse
events. These assessments, and study of donor chimerism and SARS-
CoV-2 PCR were repeated on the study visits. Additional assessments
were performed when possible, considering the increased workload.
Patients will be followed until day 90, discharge or death.

2.6. Outcomes

The primary outcome was to determine the safety of a single infu-
sion of memory T cells from a healthy donor recovered from COVID-
19. The aim was to determine the RP2D and the dose-limiting toxicity
(DLT) for a subsequent phase II clinical trial. DLT is defined as any
grade 3 or higher adverse event (AE) directly or probably related to
the cell infusion and any lower grade AE that increases to a grade 3
or higher as a direct result of the cell infusion.

Adverse Events were assessed and graded according to the Com-
mon Terminology Criteria for Adverse Events (CTCAE) version 5.0. If
CTCAE grading does not exist for an AE, the severity of mild, moder-
ate, severe, life-threatening, and fatal were used and correspond to
the Grade 1�5 respectively.

Secondary outcomes were to evaluate time to lymphopenia recov-
ery and to immune dysregulation, the time needed for a negative
SARS-CoV-2 result by PCR, clinical improvement through the NEWS
and a 7-category point ordinal scale [17-19] and length of stay. The
NEWS consists of six parameters (respiratory rate, oxygen satura-
tions, temperature, systolic blood pressure, heart rate, level of con-
sciousness) to improve the early detection of and response to clinical
deterioration [17]. Each parameter is assigned a score of 0�3 points.
NEWS is stratified into three categories: low risk (0�4), medium risk
(5�6), and high risk (� 7). Besides, we monitored the patient�s clinical
index with the use of a 7-category point ordinal scale. Scores on the
scale were defined as follows: a score of 1 indicated not hospitalised
with no limitations on activities; 2, not hospitalised but with limita-
tions on activities; 3, hospitalised and not receiving supplemental
oxygen; 4, hospitalised and receiving supplemental oxygen; 5, hospi-
talised and receiving oxygen supplementation administered by a
high-flow nasal cannula or non-invasive ventilation; 6, hospitalised
and receiving mechanical ventilation; and 7, death [19].

Exploratory outcomes included the monitoring of donor chime-
rism and immune lymphocyte reconstitution after adoptive therapy
during the three months following the infusion and the immunologi-
cal profiling of patients responding to therapy.

2.7. Immune lymphocyte reconstitution and phenotyping

Immunophenotyping of peripheral blood CD3+ T cell subsets
(CD4+ and CD8+, CD4+CD45RA+, CD4+CD45RA�, CD8+CD45RA+,
CD8+CD45RA�, NKT), NK cells (CD3�CD16+CD56+) cells and B lympho-
cytes (CD19+) were by a multiparametric flow cytometry analysis at each
time point: pre-infusion andweekly during twoweeks after infusion.

Peripheral blood was stained for surface markers with the follow-
ing fluorochrome-conjugated anti-human antibodies (BD Biosci-
ence): anti-CD45 APC, anti-CD3 FITC, anti-CD4 PerCP, anti-CD8
Bv510, anti-CD19 PeCy7, anti-CD45RA APC��H7, anti-CD16 PE, and
anti-CD56 PE. Cells were then acquired by flow cytometry on
FACSCantoTM II (BD Biosciences). The analysis was performed with
BD FACSDivaTM Software v8.0.2 (BD Bioscience).

2.8. Chimerism

For each donor-recipient pair, DNA was isolated using the QIAamp
Blood Kit (Qiagen, Hilden, Germany). Chimerism analysis was moni-
tored weekly during three/four consecutive weeks. It was performed
based on the detection of insertion�deletion polymorphism (INDELs)
by qPCR technology (sensitivity 0.01�0.05%). For that purpose, com-
mercial reagents for screening of informative alleles (Mentype
DIPscreen, Biotype, Dresden, Germany) and quantitative chimerism
analysis (Mentype DIPquant qPCR, Biotype) were employed. The per-
centage of donor alleles was calculated based on the DDCt qPCR
method by using Chimerism Monitor 2.1 software (Biotype), being
b-globin the reference gene.

2.9. HLA typing

The HLA genotype of the convalescent donor and the patients was
done at the Regional Blood Transfusion Centre. The HLA genotype of
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the convalescent donor was performed on two independent samples
by Sequence-Specific Oligonucleotide (SSO) and Next-Generation
Sequencing (NGS): A*02:01, A*24:02 / B*44:02, B*51:01 / C*16:02,
C*16:04 / DRB1£07:01, DRB1£11:03 / DQB1£02:02, DQB1£03:015.
The selection was done based on at least one HLA match with the
donor with the order: A, B high resolution vs one field, DRB1, DQB1
high resolution vs one field. The HLA shared alleles of the patients
(same typing method as the donor) with the convalescent donor are
shown in Supplemental Table 3.

2.10. Data management and study monitoring

Categorical data are presented as numbers and percentages when
applicable. Descriptive tables and figures are used to enable data
visualization.

An electronic case report form (eCRF; appendix 2) was designed
using MACRO Electronic Data Capture by Elsevier. This eCRF includes
all the variables described. This system anonymizes patients, and the
data to analyse it with R software (V.3.5.2 or newer). Data manage-
ment and statistical plans were approved by the principal investiga-
tor and the sponsor. Data collection forms will be included in the
final report. Data management was performed by the Spanish Clinical
Research Network (SCReN). Trial coordination, management, moni-
toring, and statistical analysis of the study were performed by the
Clinical Trial Unit (Department of Clinical Pharmacology and IdiPAZ)
of La Paz University Hospital, belonging to the SCReN. A Data and
Safety Monitoring Board reviewed all the data and approved the pro-
gression to Phase II using the highest dose of 1 £ 106cells/kg.

2.11. Role of the funding source

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation or writing of the report. The
corresponding author had full access to all data in the study and had
final responsibility for the decision to submit for publication.

3. Results

3.1. Patients’ characteristics

Between September and November 2020, ten participants were
enrolled in the trial, all but one received a single dose infusion of
Fig. 1. CONSORT fl
memory T cells (Fig. 1). No patients were lost to follow up. Included
patients were like so many others admitted to hospital at that time,
adult men (4) and women (6), median age 59 (IQR 46.5�66), median
weight 80 kg (IQR 63.5�86), with moderate SARS-CoV-2 pneumonia
with variable lymphopenia and mild hypertransaminasemia, with
hypertension (3 patients), diabetes mellitus (1 patient), obesity (1
patient) or no comorbidities (Table 1). One patient was diagnosed
with human immunodeficiency virus (HIV) infection during admis-
sion (Patient #8). Patient #10 did not receive the infusion because
there was no HLA antigen sharing with the donor. This patient cannot
be considered as a control group, but he was screened for the trial,
met the inclusion criteria, signed the informed consent, and was
tested for HLA match with the study donor. The median oxygen satu-
ration at admission was 91% (IQR 89.5�93). Nine out of ten patients
received the infusion of memory T cells in the first 24 h of hospital
admission. Accordingly with the trial design the patients received a
low, intermediate, or high dose according to CD45RA� memory T
cells per kilogram administered (Fig. 2A). Main clinical characteristics
and outcomes, comorbidities, clinical status, and concomitant treat-
ment for COVID-19 are shown in Figs. 3 and 4, and Tables 1, 2 and 3,
Supplemental Tables 4, 5, and 6. Of the 9 patients, 7 were treated
with remdesivir (patients #1, #2, #3, #4, #5, #6 and #9) according to
the Spanish national guidelines, all patients were treated with dexa-
methasone 6 mg per day until clinical improvement, and low molec-
ular weight heparin as thromboprophylaxis (all but patient #3) or
treatment (patient #3) according to body weight and need. No other
experimental or repurposed drugs were given for COVID-19. Oxygen
support was given as needed for peripheral oxygen saturation above
94%, through a nasal cannula or rebreathing mask. No patient needed
any other kind of respiratory support including a high-flow nasal
cannula. Symptomatic treatment consisted of acetaminophen, meta-
mizole, and dextromethorphan. In our cohort, NEWS had a median
score of 4 at screening and a decrease to 2 on day 5 and 0 on day 14.
(Supplemental Table 5). NEWS�s score improvement has shown a
robust predicting clinical scoring system to identify deterioration in
infected patients outside the intensive care unit, as it was our cohort
of patients [18]. Besides, we monitored the patient�s clinical index
with the use of a 7-level ordinal scale. In our cohort patients with 7-
level ordinal scale higher than 3 started to improve this score at day
5 after infusion decreasing to 1 two weeks post-infusion (Supplemen-
tal Table 6). Also, we observed a decrease in the pro-inflammatory
parameter C-reactive protein from 76.95 mg/L (IQR 53.47�137.72) at
ow diagram.



Table 1
Baseline characteristics of the participants in the Arm 1 Phase I RELEASE Clinical Trial. M: male, F: female; N/A Not Applicable; N/D Not Determined; *Patient not infused, no HLA
Match; **Time to discharge from hospital admission.

Dose cohort

Variable 1 £ 105 cells/kg 5 £ 105 cells/kg 1 £ 106 cells/kg

Patient number #1 #2 #3 #4 #5 #6 #7 #8 #9 #10*

Age 59 66 66 48 76 47 46 31 64 70
Gender (M,F) F M M F F F F M F M
Weight (kg) 80 80 92 130 75 62 65 80 56
Comorbidities
Arterial hypertension No Yes No Yes Yes No No No No No
Chronic heart disease No No No No No No No No No No
Diabetes mellitus No No No No No Yes No No No No
Obesity No No No Yes No No No No No No
Asthma No No No No No No No No No No
HIV infection No No No No No No No Yes No No
Treatment regimens, (days)
Remdesivir 4 5 1 5 5 5 0 0 5
Dexamethasone 6 5 8 12 7 6 4 3 8
Heparin Prophylaxis Prophylaxis Therapeutic Prophylaxis Therapeutic Prophylaxis Prophylaxis Prophylaxis Prophylaxis
Tocilizumab No No No Yes No No No No No
Sat O2% basal at hospitalization 89 91 84 91 94 93 93 90 93 92
Time from disease onset to hospital

admission (days)
7 6 13 7 5 4 7 7 7 7

Time from hospitalization to infusion
(days)

1 1 1 1 1 1 1 1 1 N/A

Time of hospitalization after infusion
(days)

6 8 14 13 7 7 2 4 8 20**

Time to SARS-CoV-2 negative PCR after
infusion

13 13 11 11 N/D 14 16 13 6 N/D

Fig. 2. A) RELEASE Study protocol (NCT04578210). Only the first arm of the memory lymphocytes described here. B) Expression of CD45RA+and CD45RA� T on a healthy control and
a convalescent donor.

Fig. 3. A) Interaction of virus infected cell with CD4+ T cell by HLA-I complex. B) Patients’ characteristics and doses cohort. C) Time-course, clinical outcomes and patients’ co-mor-
bidities. HD: Hospital Discharge,:No fever,: No extra oxygen needs,: Negative PCR, IC: Ischemic cardiopathy, AH: Arterial hypertension, OB: Obesity, DM: Diabetes mellitus, MS: mul-
tiple sclerosis.
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Fig. 4. Recovery from lymphopenia after CD45RA� lymphocyte infusion. Lymphocyte
recovery (x109/L) one and two weeks after CD45RA� memory T cell infusion. #: Patient
number.

Table 2
Immune recovery of Lymphocytes, CD3+, CD4+, CD8+, CD56+, CD19+ cells and
NKT�subpopulations after infusion of CD45RA- memory T cells. Data is shown as
median, [IQR] N/D: N/D Not Determined not data; Pre: Pre infusion.

Dose 1 £ 105 cells/kg
Low dose

5 £ 105 cells/kg
Medium dose

1 £ 106 cells/kg
High dose

Variable
Lymphocytex109/

L (median [IQR])
Pre 0.79 [0.72] 1.33 [0.75] 1.01 [0.65]
Week 1 1.76 [1.48] 2.02 [2.57] 1.77 [2.03]
Week 2 2.19 [0.45] 2.40 1.87
CD3+ cells x109/L

(median [IQR])
Pre N/D 0.85 [0.57] 0.77 [0.26]
Week 1 1.11 [0.26] 1.34 [2.06] 1.32 [1.44]
Week 2 1.68 [0.27] 1.54 1.51
CD4+ cells x109/L

(median [IQR])
Pre N/D 0.61 [0.42] 0.61 [0.51]
Week 1 0.68 [0.20] 1.04 [1.5] 1.16 [1.25]
Week 2 0.77 [0.28] 1.21 1.21
CD8+ cells x109/L

(median [IQR])
Pre N/D 0.13 [0.08] 0.15 [0.24]
Week 1 0.32 [0.12] 0.26 [0.44] 0.21 [0.28]
Week 2 0.81 [0.69] 0.26 0.32
NK cells x109/L (median

[IQR])
Pre N/D 0.27 [0.13] 0.24 [0.33]
Week 1 0.14 [0.06] 0.13 [0.21] 0.21 [0.57]
Week 2 0.27 [0.15] 0.15 0.18
B cells x109/L (median

[IQR])
Pre N/D 0.07 [0.20] 0.07 [0.16]
Week 1 0.49 [0.30] 0.31 [0.59] 0.31 [0.25]
Week 2 0.27 [0.06] 0.71 0.17
NKT (%) (median [IQR])
Pre N/D 2.90 [8.70] 1.20 [6.60]
Week 1 2.50 [5.40] 1.70 [1.20] 0.70 [4.50]
Week 2 6.80 [16.60] 4.30 1.8
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recruitment to 37.8 mg/L (IQR 15�103) on day 2 and 10.25 mg/L (IQR
4.6�47.2) on day 6 and 2.3 mg/L (IQR 0.75�98.5) on day 14 post-infu-
sion.

The median time needed for a negative SARS-CoV-2 result by PCR
was 13 days (IQR 11�13) in the low dose cohort, 12.5 days (IQR
11�14) in the medium dose cohort and 13 days (IQR 6�16) in the
high dose cohort. After monitoring, three patients did not meet the
inclusion criteria. Those incompatibilities (time from PCR to inclusion
in the trial and time from the onset of symptoms to the inclusion in
the study) did not interfere with the safety evaluation of the study
and therefore, the patients were maintained during the analysis of
the study results.
3.2. Safety

The primary outcome was to determine the DLT to define the
RP2D for the phase 2 trial. There were no immediate reaction compli-
cations or septic events in none of the infusions. The only mild side
effect reported occurred in patient #7 (high dose cohort), considered
directly related to the experimental treatment and grade 1. The
patient described a taste for 10 h after infusion [20]. No adverse
events including transfusion-related acute lung injury (TRALI), cyto-
kine release syndrome (CRS), graft-versus-host disease (GvHD), fever,
or sudden respiratory failure were observed. Therefore, DLT was not
identified with doses up to 1 £ 106 cells/Kg and the maximum toler-
ated doses (MTD) were not reached.

3.3. Immune reconstitution and chimerism

The exploratory outcomes, immune reconstitution and chimerism
were evaluated. Lymphocyte counts, stratified by CD3+ T lymphocytes
and T cell subsets (CD4+ and CD8+), NK (CD56+), B (CD19+) lympho-
cytes, and the CD4/CD8 ratio pre-infusion and one and two weeks
after infusion appear in Fig. 4, Table 2, Supplemental Table 4, and
Supplemental Figure 1. In general, we observed an increase in lym-
phocyte counts from 0.96 £ 109 /L (IQR 0.77�1.37) at recruitment to
1.76 109 /L (IQR 0.81�2.39) one week post-infusion and 2.19 109 /L
(IQR 1.32�2.44) two weeks post-infusion. Of the 9 patients infused
with CD45RA� T cells, 5 patients showed lymphocyte recovery com-
pared to the pre-infusion day two weeks post-infusion. Data from
patients #5, #6, #7and #8 were not recorded two weeks post infu-
sion. Patients #6 and #7 showed lymphocyte recovery one-week
post-infusion, both patients were discharged on days 8 and 2 respec-
tively. The two patients were followed up by phone showing good
clinical recovery. Patients #5 and #8 were discharged from the hospi-
tal on days 7 and 4 respectively. Patient #5 had a good clinical recov-
ery and patient #8 was at home with no symptoms. (Fig. 4). Patient
#10 did not show lymphocyte recovery two weeks after hospital
admission. Two weeks after infusion, a recovery in the CD3+, CD4+,
and CD8+ cells were observed for patients #1, #2, #3, #4, #6, #7, and
#9. The data for patients #5 and #8 was not recorded after the first
week for the reasons mentioned above. Patients #5 and #6 showed
an increase in the percentage of CD8+RA+ T cells one week after infu-
sion. (Supplemental Table 4). The number of NK cells increased after
two weeks in patients #1, #2, #3, #4, and #7. Table 2 shows a recov-
ery one- or two-weeks post-infusion in the different immune subsets,
total lymphocytes, CD3+, CD4+, CD8+, CD19+�, and NKT.

Donor microchimerism was followed for four weeks after infusion
of CD45RA� memory T cells. As is shown in Table 4, microchimerism
was detected in all patients for at least three weeks after infusion.

4. Discussion

In this study, we show the outcomes of nine hospitalised patients
suffering from COVID-19 pneumonia and/or lymphopenia requiring
supplemental oxygen after treatment with a single dose of an “off-
the-shelf” partially matched allogeneic memory T lymphocyte infu-
sion containing SARS-CoV-2 specific T lymphocytes from a COVID-19
convalescent donor. This study is a phase I clinical trial focused on
dose and schedule determination, and patient safety, with a conven-
tional 3 + 3 design [21]. The product development process is feasible,
cost-effective, and easy to develop in centres with experience in
HSCT [22]. None of these COVID-19 patients developed any serious
side effects after treatment. Adoptive T cell therapy displays almost
no toxicity, as shown, and the cell product can be stored in a lympho-
cyte biobank to provide off-the-shelf access for subsequent viral pan-
demics [10]. As we had just one donor for the study, the rationale for
the donor-recipient histocompatibility scheme was done based on
first, most of HLA sharing between them, second, HLA class I share or,



Table 3
Inflammatory parameters after infusion of CD45RA- memory T cells. NR: normal range. N/D: Not determined; *data are
from time to hospitalization.

Dose Cohort

1 £ 105 cells/kg 5 £ 105 cells/kg 1 £ 106 cells/kg

Laboratory findings #1 #2 #3 #4 #5 #6 #7 #8 #9 #10*

C-reactive protein, mg/L (NR 0�5)
Day of infusion 68.9 67.7 222.7 109.4 63 90.9 <0.05 85 24.9 274.3
Day 2 post infusion 40.4 18.2 127.8 95.2 35.2 66.2 1.2 4.6 22.8 227.4
Day 6 post infusion 10.6 55.2 44.6 13 9.9 9.8 <0.5 5.1 3.2 208.6
Day 13 post infusion 1.5 2.3 2.4 <0.5 N/D N/D N/D N/D <0.5 173.1
Fibrinogen, mg/dl (NR 150�450)
Day of infusion 490 598 >1200 778 541 600 598 789 807 1103
Day 2 post infusion 507 394 1117 722 408 607 703 488 589 1004
Day 6 post infusion 388 519 860 372 440 498 430 415 429 >1200
Day 13 post infusion 430 334 421 217 N/D N/D N/D N/D 410 N/D
Ferritin, ng/ml (NR 10�291)
Day of infusion 1563 705 1712 468 304 111 206 497 582 N/D
Day 2 post infusion 1527 687 1392 690 283 109 254 327 343 695
Day 6 post infusion 1351 528 980 509 204 60 253 408 279 970
Day 13 post infusion 1139 419 625 333 N/D N/D N/D N/D 250 865
D-Dimer, ng/ml (NR 0�500)
Day of infusion 1590 320 820 1470 540 670 300 870 440 510
Day 2 post infusion 1590 230 1710 1940 320 910 650 1050 440 440
Day 6 post infusion 1200 200 820 5090 660 670 310 570 200 1700
Day 13 post infusion 600 N/D 420 2340 N/D N/D N/D N/D 330 830
IL-6, pg/ml (NR < 3,4)
Day of infusion 2.6 25.6 N/D 58.3 66.2 N/D N/D 25.6 0.7 N/D
Day 2 post infusion 2.6 10.9 131 66.6 7.1 33 29.3 6.5 1.7 N/D
Day 6 post infusion 2.7 <2 21.5 202 10.6 N/D 17.3 N/D <2.7 12.1
Day 13 post infusion N/D N/D 2.8 59.8 N/D N/D N/D N/D <2.7 12.2

Table 4
Donor chimerism after infusion of CD45RA- memory T cells from the convalescent donor. The indicated chimerism
values were obtained as the mean value of the analysis of two different INDEL systems. Pre-infusion patient samples
were analysed, and results were employed as negative background control. The data are shown by weeks after
infusion.

Dose cohort

Variables 1 £ 105 cells/kg 5 £ 105 cells/kg 1 £ 106 cells/kg

Donor Chimerism (%) #1 #2 #3 #4 #5 #6 #7 #8 #9

D0-D7 0.011 1.445 0.405 0.065 0.023 0.192 0.989 0.450 <0.01
D7-D14 <0.01 0.310 <0.01 0.097 0.185 0.086 3.090 0.163 0
D14�21 0.084 0.163 <0.01 0.135 <0.01 <0.01 <0.01 <0.01 0.2
D21�28 N/D N/D N/D N/D N/D N/D N/D N/D 0.011

A. P�erez-Martínez et al. / EClinicalMedicine 39 (2021) 101086 7
third, HLA class II sharing. Four of nine of our pairs share at least one
HLA class I and 4/9 HLA class I and HLA class II. Only 1/9 pairs share
only HLA class II. We include donor-recipient sharing in HLA class I
but also class II because the optimal antigen-presenting cell/effector
cell HLA mediated presentation is still unknown and most of the
CD45RA� T cells are CD4+ T cells [16].

All participants had sustained recovery after 28 days of follow-up,
and no allogeneic toxic effect has been reported using memory
(CD45RA�) lymphocytes. This is probably because alloreactivity
resides mainly within the naïve (CD45RA+) T-cell compartment [12].

CRS is a common side effect of T-cell transplantation; however,
we do not observe any indication of CRS after CD45RA� T cell infu-
sion. Baseline data on C-reactive protein, serum ferritin or D-dimer in
our group was similar to the large group (2226 patients) reported by
our hospital [23], but in contrast, in our group C-reactive protein
decreases from day cero to 14 days post-infusion, none of our
patients needed to be transferred to ICU and mortality was null. It
would be tempting to speculate that the antiviral effect of memory T
cells diminishes the SARS-CoV-2 induced cytokine release storm.
However, the scarcity of data and the limited knowledge on the path-
ogenesis of the COVID-19 CRS response prevent us from any conclu-
sion. Nevertheless, previous reports with allogeneic haematopoietic
stem cell transplantation (HSCT) shows that grafts containing
CD45RA� T cells rise 2-year overall survival up to 78% (95% CI
59�89%), in allogeneic adult myeloablative HSCT with a grade II�IV
aGVHD (66%; 95% CI 41�74%) [24]. Probably the most similar sce-
nario to our adoptive cell therapy for COVID-19 patients is the use of
CD45RA� donor lymphocyte infusion (DLI) in haploidentical setting
to boost immune recovery controlling virus reactivation and avoiding
GvHD [22,25]. Given the appropriate conditions it should be a safe
approach even with inflammatory disease and mismatch setting.

We did not observe the general adverse effects associated with
the cryopreserved cell product in DMSO such as nausea, vomiting or
abdominal cramps [20]. One patient reported a metallic taste for a
few hours just after the infusion that we attributed to the cryopre-
servant and we considered it a mild side effect but not an adverse
effect. Many factors that can contribute to the adverse reactions
caused by DMSO such as age, weight, gender, even the specific dis-
ease of the patient. Also, the procedure, speed of injection and
time from thawing of frozen cells to injection can influence adverse
effects [20].

Although three patients did not meet the inclusion criteria, we do
not consider that cell therapy could be harmful to these patients. We
hypothesize that it could be less effective, but it should not interfere
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with the outcome of safety which is the main aim of this study. These
patients presented with a PCR confirmation time longer than in the
inclusion criteria of the first version of the protocol or with symptoms
longer than 10 days. These inclusion criteria were modified in subse-
quent versions of the protocol where no more than 3 days of hospi-
talisation before infusion of cell therapy was eliminated, and the
onset of symptoms was replaced from 10 to 12 days.

Despite this study was not addressing treatment efficacy, we have
observed an improvement in clinical parameters measured by NEWS
and 7-point scale two weeks post-infusion in both scales. Remark-
able, patients with medium and high NEWS score at screening pre-
sented an improvement in the score to low risk and medium risk,
respectively, at day 2 after infusion. Also, the increase in lymphocyte
counts from the day of recruitment to one- and two-weeks post-infu-
sion along with the microchimerism data where the patients keep a
percentage of allogenic T cell population for at least 3 weeks that is
getting lost while total lymphocyte counts is increasing, and the
decreased in the pro-inflammatory parameter C-reactive protein
from the day of recruitment untilday 6 post-infusion could reflect the
improvement related to the recovery of the immune-inflammatory
parameters. As mentioned, a previous study from our institution,
with a longer cohort with similar patient�s characteristics, reported
how high C- reactive protein and low lymphocyte count were related
to a high probability of death [23]. In our cohort, these parameters
improved after infusion. Unfortunately, we cannot compare with the
previous historical cohort, so we cannot assume any improvement
related to this cell therapy approach. We will be able to make a state-
ment after the results of phase II where high dose CD45RA�memory
T cell infusion plus the standard of care (SoC) will be compared with
SoC for COVID-19 pneumonia requiring supplemental oxygen. For
the time needed for a negative SARS-CoV-2 result by PCR, our data
shows values similar to those already published [26,27]. PCR was
measured in the oropharyngeal mucosa. More studies are needed to
better determine whether viral load decrease after memory T cell
intravenous infusion.

Several reasons led us to believe that memory T cells from COVID-
19 convalescents may be effective in patients with moderate or
severe COVID-19. First, adoptive infusion of memory T lymphocytes
has been previously reported to successfully improve pathogen-spe-
cific immune response after HSCT [11�15]. Second, adoptive transfer
of memory T lymphocytes (which are predominantly CD4+ T cells)
could accelerate immune cell recovery, which could be helpful during
virus-induced lymphopenia [1]. In addition, donor chimerism was
detected in patients three weeks after infusion.

To our knowledge, this is the first report of human passive adop-
tive cell therapy using allogeneic, off-the-shelf CD45RA� memory T
cells obtained from a convalescent COVID-19 donor. There is increas-
ing evidence that T cells play a major role in the amelioration of
COVID-19 [28-30]. Phase II clinical trial is ongoing to evaluate clinical
outcomes and eventually confirm the benefit of the investigated
treatment, upon a match between donor and patient.
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