Journal Pre-proof
COVID-19 convalescent plasma as long-term therapy in immunodeﬁcient
patients?
Dina Rnjak Sanda Ravlic Ana-Marija Sola Beata Halassy Josko
Semnicki Martina Superba Ana Hecimovic Ivan-Christian Kurolt
Tihana Kurtovic Zeljka Macak Safranko Denis Polancec Kreso
Bendelja Tatjana Muslin Irena Jukic Tomislav Vuk Lucija Zenic
Marinko Artukovic

PII:

S1246-7820(21)00065-3

DOI:

https://doi.org/doi:10.1016/j.tracli.2021.04.004

Reference:

TRACLI 3198

To appear in:

Transfusion clinique et biologique

Received Date:

8 April 2021

Accepted Date:

16 April 2021

Please cite this article as: Rnjak D, Ravlić S, Šola A-M, Halassy B, Šemnički J, Šuperba M,
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 Abstract:
Objectives
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The patients with hematological malignancies are a vulnerable group to COVID-19, due to the
immunodeficiency resulting from the underlying disease and oncological treatment that
significantly impair cellular and humoral immunity. Here we report on a beneficial impact of a
passive immunotherapy with convalescent plasma to treat a prolonged, active COVID-19
infection in a patient with a history of nasopharyngeal diffuse large B-cell lymphoma treated

oo
f

with the therapy inducing substantial impairment of particularly humoral arm of immune
system. The specific aim was to quantify SARS-CoV2 neutralizing antibodies in a patient plasma

pr

during the course of therapy.
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Materials and methods

Besides the standard of care treatment and monitoring, neutralizing antibody titers in patient’s

Pr

serum samples, calibrated according to the First WHO International Standard for anti-SARS-CoV2 immunoglobulin (human), were quantified in a time-dependent manner. During the

al

immunotherapy period peripheral blood flow cytometry immunophenotyping was conducted to

Results
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characterize lymphocyte subpopulations.

The waves of clinical improvements and worsening coincided with transfused neutralizing
antibodies rises and drops in the patient’s systemic circulation, proving their contribution in
controlling the disease progress. Besides the patient’s lack of own humoral immune system,
immunophenotyping analysis revealed also the reduced level of helper T-lymphocytes and
immune exhaustion of monocytes.
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Conclusion
Therapeutic approach based on convalescent plasma transfusion transformed a prolonged,
active COVID-19 infection into a manageable chronic disease.
Keywords: convalescent plasma, COVID-19, immunodeficiency, neutralizing antibody, infective
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virus-neutralization assay, SARS-CoV-2
 Text body:

pr

1. Introduction

e-

Since the first described case in December 2019, the coronavirus disease 2019 (COVID-19) has
been one of the most significant challenges of our time (1). The clinical spectrum ranges from

Pr

asymptomatic to critical forms with acute respiratory distress syndrome and death. The most
endangered patients are the adults older than 60 years and the patients with comorbidities,

al

especially immunodeficiencies (2). Although clinical presentation and radiological findings are
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relatively familiar, the pathogenesis is complex and not completely clarified, which hinders the
development of effective targeted therapy (3). There are 4805 ongoing COVID-19 clinical trials,
but only antiviral drug remdesivir has been approved by the Food and Drug Administration
(FDA) (4).

One of the oldest and most intriguing treatment options, when dealing with diseases that
require quick and efficient pathogen elimination, is transfusion of convalescent plasma enriched
with specific antibodies and non-specific humoral innate immunity factors (5–8). In viral
infections, antibodies act by neutralization, complement activation, opsonization and antibody-
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dependent cellular cytotoxicity mediation (9). The essential and the most effective components
of COVID-19 convalescent plasma are virus-specific neutralizing antibodies that target multiple
epitopes of SARS-CoV-2 surface (glyco)proteins, including S protein receptor-binding domain,
which they block, preventing the virus from entering the host cells. Additionally, it contains
other proteins such as defensins, pentraxins, anti-inflammatory cytokines, clotting factors, that
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have an immunomodulatory effect, reduce exaggerated immune processes and lessen disease
severity (10). Infective virus-neutralization assay provides the most accurate answer to whether
or not an individual has antibodies that can neutralize the infectivity of a specific virus strain

pr

(11).

e-

The valid proof of the effectiveness of convalescent plasma treatment against COVID-19 from

Pr

the properly conducted clinical trials is still lacking. After all, this is the therapeutic principle that
is most widely used only in the early period of encountering with the novel infective pathogen,

al

when the methods of antibody assessment, as well as other relevant methodology for the
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disease diagnostics and monitoring, have not been properly developed and validated yet. That is
precisely the situation nowadays in COVID-19 pandemics (12). In other words, trend of
convalescent plasma usage usually has short lifetime, since in practice it is replaced by better
characterized and less complex and variable medicines, as soon as those become available.
Consequently, the reports on case studies and series are the major source of data on the
positive experiences associated with implementation of convalescent plasma treatment into
clinics.
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According to the current literature, patients with impaired cellular and/or humoral immunity
might be at higher risk of COVID-19 (13). For this group of patients there is a growing evidence
that COVID-19 convalescent plasma therapy might be an effective treatment (13–20), although
exact proof is missing since they are mostly excluded from clinical trials. Numerous case reports
dealing with the usage of convalescent plasma in immunocompromised patients suffer from the
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f

lack of proper quantification of neutralizing antibodies in donated plasma samples, as well as in
patients’ serum upon transfusion. Also, there are no standardized guidelines on recommended

pr

quality of donated COVID-19 convalescent plasma.

Here we aim to contribute to the topic by reporting the case of COVID-19 convalescent plasma

e-

therapy of immunocompromised patient with special emphasis on monitoring of post-
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transfusion neutralizing antibodies’ dynamics, which enables estimation of the longevity of
passive humoral immunity. Also, in addition to the clinical presentation, it supports
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2. Methods

al

effectiveness of such therapeutic principle.

2.1. Virus detection in clinical samples
2.1.1. Molecular detection of viral RNA
Viral RNA was detected in nasopharyngeal swabs and serum on an automated Roche Cobas
6800 system (Roche, Mannheim, Germany) with the Roche cobas® SARS-CoV-2 Test (Roche,
Mannheim, Germany).
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To confirm the presence of SARS-CoV-2 in the cell culture supernatant, RNA was isolated from
100 µL of the supernatant which was added to 300 µL of a TriPure Isolation Reagent (Roche,
Mannheim, Germany). After the addition of 95-100% ethanol (100 µL), the samples were
incubated at room temperature for 5 min and then centrifuged through the QIAamp Mini Spin
Columns (Qiagen, Hilden, Germany) for 1 min at 6000 x g. Further isolation was performed
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following a Qiagen QIAamp® Viral RNA Mini Kit (Qiagen, Hilden, Germany) protocol. Viral RNA
was detected by the real-time RT-PCR (21) from 5 µL of the eluate using a TaqMan Fast Virus 1Step Master Mix (Thermo Fisher Scientific, Waltham, MA USA) in a 20 µL reaction mixture on an

pr

Applied Biosystems StepOnePlus thermocycler (Thermo Fisher Scientific, Waltham, MA USA).

e-

2.1.2. Infective virus isolation from nasopharyngeal swabs

Pr

Vero E6 cells acquired from the American Type Culture Collection (ATCC – CRL 1587) were
maintained in MEM with stable L-glutamine (PAN-Biotech, Aidenbach, Germany) supplemented

al

with 10% FBS (PAN-Biotech, Aidenbach, Germany), penicillin (100 IU/mL), streptomycin (100
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µg/mL) and non-essential amino acids (PAN-Biotech, Aidenbach, Germany). For virus isolation,
Vero E6 cells were seeded at 300 000 cells per well in a 6-well cell culture plate and left to
adhere overnight. The following day, nasopharyngeal swabs were filtered through a 0.22 µm
filter and diluted 1:1 with the addition of MEM with stable L-glutamine supplemented with
penicillin (200 IU/mL) and streptomycin (200 µg/mL). Further dilutions to final 1:10, 1:40, and
1:100 were prepared in MEM with stable L-glutamine supplemented with 2% FBS (PAN-Biotech,
Aidenbach, Germany), penicillin (100 IU/mL), streptomycin (100 µg/mL) and non-essential
amino acids. After 1 h long incubation in a 5% CO2 environment at 37 ᵒC, the inoculum was
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removed and DMEM with 4.5 g/L glucose and stable L-glutamine (PAN-Biotech, Aidenbach,
Germany), supplemented with 2% FBS, penicillin (100 IU/mL) and streptomycin (100 µg/mL), in
a volume of 2 mL was added. Cell culture was checked daily for cytopathic effect until day 5
post-infection when the supernatant was collected from the positive cultures.
2.2. Convalescent plasma donation and preparation
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COVID-19 convalescent plasma was collected by apheresis procedure from recovered and
healthy donors with a a documented history of laboratory-confirmed SARS-CoV-2 infection

pr

based on a positive RT-PCR test result and being asymptomatic for ≥ 28 days. Donors fulfilled all

e-

selection criteria required by the law of the Republic of Croatia, including the results of
obligatory tests performed on each donation. Sera of eligible plasma donors were analyzed by

Pr

the infective virus-neutralization assay for the quantification of SARS-CoV-2 neutralizing
antibodies titers (as described in section 2.3.2.). The neutralizing potencies of plasma units used

al

for therapy were in the range between 108 and 890 IU/mL, as calibrated according to the WHO
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International Standard. The patient was transfused with eight ABO-compatible convalescent
plasma units. Each unit of approximately 200 mL was infused over one to two hours. The
dynamics of blood sampling for estimation of neutralizing potencies is indicated in the Results
section.

2.3. Quantification of SARS-CoV-2 neutralizing antibodies
2.3.1. Cell and virus culture
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Vero E6 cells were maintained in MEM (GIBCO, Thermo Fisher Scientific), supplemented with
10% FBS (PAN-Biotech, Aidenbach, Germany) previously inactivated at 56 ᵒC for 60 min,
penicillin (100 IU/mL), streptomycin (100 µg/mL) and L-glutamine (2 mM) (Capricorn Scientific),
in a 5% CO2 environment at 37 ᵒC, and passaged every 3-4 days. Vero E6 cells were routinely
tested for mycoplasma and found to be mycoplasma-free.
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SARS-CoV-2 297/20 Zagreb isolate was derived from a positively tested nasopharyngeal swab in
Zagreb, Croatia, and was propagated in Vero E6 cells to obtain a Laboratory working stock and

pr

reference for the virus titer determination using 50% cell culture infective dose (CCID50) assay in
a 96-well format. Three-fold serial dilutions of virus suspension, each in octaplicate (100

e-

µL/well), were incubated with Vero E6 cell suspension (3 × 10 5/mL; 100 μL/well). After four days

Pr

of incubation (37 ᵒC, 5% CO2) wells with cytopathic effect were counted and CCID50/mL was
calculated using the Spearman-Kerber method.

al

2.3.2. Infective virus-neutralization assay
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Infective virus-neutralization assay followed the general principles already described for other
viruses (22,23), but was adapted specifically to the SARS-CoV-2 virus, as follows. Two-fold serial
dilutions of patient’s serum samples and/or COVID-19 convalescent plasma donations’ samples,
each in octaplicate (50 μL/well), were preincubated with approximately 20 CCID50 (50 μL/well)
of the Laboratory working stock preparation of SARS-CoV-2 297/20 Zagreb isolate at 37 ᵒC and
5% CO2 for 90 minutes. After the addition of Vero E6 cells (3 × 105/mL; 100 μL/well), the plates
were incubated at 37 ᵒC and 5% CO2. Wells with pure cell suspension in the first row served as
cell growth control. After four days of incubation, plates were inspected by an inverted optical
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microscope, and the wells with cytopathic effect counted. The effective dose 50 (ED50), the
amount of undiluted serum that inhibits the cytopathic effect in 50% of infected wells, was
calculated according to the Spearman-Karber method. Neutralizing titer of each serum sample
was expressed as the number of ED50 doses in 1 mL. The sample of known neutralizing capacity
(internal reference) was included in every experiment and used for correction of tested

oo
f

samples’ results for the value of reference deviation from its nominal value. The internal
reference was calibrated according to the First WHO International Standard for anti-SARS-CoV-2

2.4. Peripheral blood immunophenotyping

e-

results of this assay are finally expressed in IU/mL.

pr

immunoglobulin (human) (NIBSC code 20/136, NIBSC, Potters bar, Hertfordshire, UK), so the

Pr

Peripheral blood flow cytometry immunophenotyping was conducted by using two six-color
antibody panels for HLA-DR, CD3, CD4, CD8, CD16, CD19, CD27, CD45, CD56 surface markers

al

detection, to analyze T cells, B cells, and NK cells (Table 1) (24). The lyse+fix/wash protocol was
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used for sample preparation. An additional sample was stained with IOTest Myeloid Activation
CD169-PE/HLA-DR-APC/CD64-PB Antibody Cocktail (Beckman Coulter, USA) (25). All samples
were collected by using the Navios™ flow cytometer (Beckman Coulter, USA). FCS data files
were analyzed using the Kaluza™ software (Beckman Coulter, USA). Expression of CD279 and
CD38 on T cells was analyzed using a third antibody panel and lyse+fix/wash protocol. Samples
were collected by using the BD LSR II flow cytometer (Becton Dickinson, USA). FCS data files
were analyzed using the FlowJo™ software (BD FlowJo, USA).
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347400
555347
17-0037-42
560179
48-0168-42
B36294

BD Biosciences
BD Biosciences
eBioscience
BD Biosciences
eBioscience
Beckman Coulter

11-0566-42
555441
17-0037-42
560177
48-0168-42
B36294

eBioscience
BD Biosciences
eBioscience
BD Biosciences
eBioscience
Beckman Coulter

347463
345765
317424
555461
329918
555399

BD Biosciences
BD Biosciences
Biolegend
BD Biosciences
Biolegend
BD Biosciences

3. Results

e-

Table 1. Antibody panels

Clinical course

al

3.1.

oo
f

Manufacturer

pr

# Ref

Pr

Antibody
Panel 1
HLA-DR FITC
CD4 PE
CD3 APC
CD8 APC-H7
CD16 eF450
CD45 KO
Panel 2
CD56 FITC
CD27 PE
CD3 APC
CD19 APC-H7
CD16 eF450
CD45 KO
Panel 3
CD45 FITC
CD3 PE
CD4 PB
CD38 PE-Cy5
CD279 PE-Cy7
CD14 APC
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A 53-year old man was diagnosed with nasopharyngeal diffuse large B-cell lymphoma in 2018.
Chemotherapy with R-CHOP/R-DHAP (rituximab, cyclophosphamide, doxorubicin, vincristine,
prednisone/rituximab, dexamethasone, cytarabine, cisplatin) was administered, following
autologous stem cell transplantation and radiotherapy of Waldeyer’s ring. Maintenance therapy
with an anti-CD20 monoclonal antibody (MoAb) rituximab was continued every three months in
the next two years.
Five weeks after the last rituximab administration, the patient complained of fatigue, nausea,
and fever (up to 39 oC) caused by SARS-CoV-2 infection which was confirmed by RT-PCR test of a
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nasopharyngeal swab. Initially, home care was recommended. Further, five days later, the
patient came back to the emergency department because of persistent pyrexia and malaise. A
blood test showed lymphopenia (6.7%, 0.7 x 109/L) and elevated inflammatory marker, C
reactive protein (CRP) (100.2 mg/L). Chest roentgenogram (RTG) revealed bilateral interstitial
lung infiltrates (Figure 1A) with respiratory insufficiency. The patient was hospitalized and

oo
f

oxygen therapy with prophylactic low-molecular-weight heparin (LMWH), dexamethasone and
proton-pump inhibitor was initiated, in accordance with the guidelines given by the Croatian
Ministry of Health (26). During the hospitalization, the patient was constantly febrile with a

pr

gradual worsening of dyspnea and clinical deterioration. The control tests showed the

e-

progression of bilateral pneumonia in chest RTG and an increase in CRP (178 mg/L) with
neutropenia (26.3%, 0.2 x 109/L). All blood cultures were sterile, bacterial superinfection was

Pr

not proven, but because of the clinical deterioration, empirical antibiotic therapy (piperacillintazobactam), filgrastim and a therapeutic dose of LMWH were administered. Head, neck, chest,

Jo
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al

abdomen and pelvic computed tomography did not show any signs of lymphoma relapse.
In serology testing, specific SARS-CoV-2 antibodies were not detected, SARS-CoV-2 RT-PCR test
of the nasopharyngeal swab on day 45 was still positive and an infective virus was detected in
nasopharyngeal culture.
3.2.

COVID-19 convalescent plasma therapy outcomes

Considering all the above-described and still active COVID-19 even after 45 days from the onset
of symptoms, therapy with ABO-compatible COVID-19 convalescent plasma was applied. The
patient’s consent was obtained before the transfusion. A total of six units of COVID-19
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convalescent plasma (200 mL each) were administered on the 48th, 49th, 54th, 55th, 56th and
57th day of the disease. The therapy with remdesivir was administered for five days, starting
from the 55th day of the disease. Following COVID-19 convalescent plasma therapy, the patient
was afebrile, with a decline in CRP (9.8 mg/L). A chest RTG showed the regression of lung
infiltrates (Figure 1B) and oxygen therapy was no longer needed. The patient was discharged to

oo
f

home isolation. On the 67th day of the disease, the patient complained about chilblain-like
lesions with acral purpuric and necrotic finger skin changes. Color doppler ultrasound revealed
normal arterial circulation on both hands, and acetylsalicylic acid was added to the therapy,

pr

resulting in partial regression of the skin changes. On the 98th day of the disease, the patient

e-

was presented with a fever (up to 38.5 ˚C), dyspnea and yellow sputum expectoration. A chest
RTG showed bilateral pneumonia progression (Figure 1C), while CRP was elevated (138 mg/L).

Pr

The patient was hospitalized, there were no specific SARS-CoV-2 antibodies in control tests,
while SARS-CoV-2 was detected by RT-PCR test of blood, nasopharyngeal swab and culture. Due

al

to a still active COVID-19, after more than 100 days from the onset of symptoms, two units of
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COVID-19 convalescent plasma were administered (200 mL each, on 105th and 109th day of the
disease), along with the antibiotic therapy following the sputum antibiogram. After the
convalescent therapy, oxygen therapy was reduced, CRP level decreased (52.7 mg/L) and the
patient was afebrile with regression of pneumonia in chest RTG (Figure 1D). Although the SARSCoV-2 RT-PCR serum test was positive on the 129th day of the disease, virus isolation from the
serum samples was unsuccessful, possibly indicating the absence of infective virus in the blood.
3.3.

Laboratory investigations
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Neutralizing titers (NTs) of antibodies in the patient’s serum samples were continuously
quantified (full squares in Figure 2). Knowing the volume and NTs of infused COVID-19
convalescent plasma donations, and assuming that blood volume comprises 8% of the patient’s
body weight, the theoretically expected NTs in serum were calculated by summing up values of
all infused plasma units (empty squares in Figure 2) and compared to the measured neutralizing

oo
f

activity in the patient’s serum. The theoretical and real values nicely overlapped at the
beginning of the therapy, followed by the slow decrease of real NTs, due to the exhaustion of
available antibodies for virus neutralization and/or natural clearance of immunoglobulins from

pr

the serum. Such antibody dynamics was in harmony with the improvement of the clinical

e-

presentation. Subsequent plasma administration on 105th and 109th day from COVID-19 onset
showed the outcome which was consistent with the preceding administration, as shown in

Pr

Figure 2.

al

In line with a low total lymphocyte count (0.7 x 109/L), the peripheral blood
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immunophenotyping, performed by flow cytometry before the second cycle of COVID-19
convalescent plasma administration, showed the predominance of CD3+ T-lymphocytes
(92.33%), the normal value of NK cells (7.64%), the absolute lack of CD19+ B-lymphocytes (0%)
and a reduced CD4+/CD8+ ratio (0.33), due to the low level of helper T-lymphocytes (0.09 x 109
cell/L), while the level of cytotoxic T-lymphocytes (0.27 x 109/L) remained normal. The
additional analysis revealed immune exhausted monocytes with a reduced HLA-DR expression
and an increased CD169 expression accompanied by the increased CD64 expression on
neutrophils (Figure 3). Moreover, a high level of HLA-DR-positive NK cells (60% out of total NK
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cells) and also programmed cell death protein-1 (PD-1) expression on CD4 (49%) and CD8 (21%)
lymphocytes were found.
4. Discussion
The patients with hematological malignancies are a vulnerable group to COVID-19, due to the
immunodeficiency resulting from the underlying disease and oncological treatment that can

oo
f

impair cellular and humoral immunity (27).

pr

Our case is the example of a prolonged COVID-19 in the patient with lymphoma in which the
persistence of positive RT-PCR test for SARS-CoV-2 and the absence of virus-specific antibodies

e-

are probably the consequence of anti-CD20 MoAb rituximab therapy (18), resulting in an active

Pr

viral replication lasting for 129 days. Rituximab, frequently used as a treatment for
hematological malignancy and autoimmune disease, generally is well-tolerated but can cause

al

secondary humoral deficiency. Rituximab has a divergent cytotoxic mechanism toward CD20+
cells – it inhibits cell proliferation either by directly binding to B-cells receptors or by
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complement-mediated and antibody-dependent cell-mediated cytotoxicity (18). The results of
B-cell depletion are reduced antibody production and transient hypogammaglobulinemia (28).
Most studies have shown that B-lymphocytes usually recover from naive cells in bone marrow
usually six months after rituximab therapy (28). Additionally, T-lymphocytes have an important
function in viral clearance but prolonged exposure to the virus can cause T-cells’ functional
impairment (29,30). Even the patients without comorbidities develop lymphopenia in COVID-19,
more often in severe forms of the disease (31,32). Lymphopenia is the primary result of a
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reduced number of CD4+ and CD8+ lymphocytes, but the mechanism is complex and not fully
understood (31).
The immunophenotyping tests have shown that our patient also has impaired cellular immunity.
(Figure 3). Commonly, immune check receptor PD-1 is overexpressed on CD4+ and CD8+ T-cells
of COVID-19 patients and seems to be associated with the alterations in cytokines release due

oo
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to T-lymphocytes depletion and exhaustion, as PD-1 regulates lymphocyte function and
apoptosis (33,34). Suppressed activity of T-lymphocytes and their reduced number lead to the

pr

impaired viral control and clearance (34), particularly in more severe cases. A prolonged
infection correlates with higher PD-1 expression, while the infection resolution is usually

e-

followed by PD-1 reduction and recovery of T-lymphocytes (33). Another factor of a poor

Pr

prognosis in viral infection and bacterial sepsis is a reduced HLA-DR on monocytes, a sign of
monocyte exhaustion, which leads to their impaired antigen-presentation activity (35).

al

The results of the current COVID-19 convalescent plasma studies are diverse and generally
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inconclusive. Based on the results of the largest trial, Expanded Access to Convalescent Plasma
for the Treatment of Patients with COVID-19 program, the FDA released the emergency
authorization for the COVID-19 convalescent plasma use which was revised in February 2021,
limiting it to the hospitalized patients with the impaired humoral immunity in the early stages of
the disease (36). However, the definition of an ‘’early stage of COVID-19’’ and the exact
algorithm of convalescent plasma treatment for COVID-19 patients have not been defined yet
(37).
5. Conclusion
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We suggest that for some patients with impaired cellular and humoral immunity, it would be
reasonable to frequently analyze neutralizing antibody titers and periodically administer COVID19 convalescent plasma, or purified polyclonal SARS-CoV-2-specific antibodies, to maintain
effective antibody blood levels. Also, it would be useful to track T- and B-cell recovery with
immunophenotyping tests. Taking into consideration all the above mentioned, COVID-19

oo
f

convalescent plasma or preferably anti-SARS-CoV-2 immunoglobulins (38) (to reduce the chance
of unwanted coagulation disturbances appearance) could be a long-term, “chronic” therapy
against COVID-19 for this group of patients, especially for bridging the period when the immune

pr

system cannot produce by itself the antibodies needed for viral clearance. In this way, we could

e-

achieve a partial control of prolonged, active COVID-19, and convert it into a chronic infection.
For the immunodeficient patients as in the presented case, this could reduce mortality and

Pr

maybe “buy precious time” for the immune system to recover. Further research is needed,
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19 treatment.

al

especially in the area of immunodeficient patients’ participation in the clinical trials for COVID-
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Figure legends
Figure 1. Chest roentgenogram. A) admission to the hospital, day 13 of the disease; B) after the
first cycle of convalescent plasma therapy, day 58 of the disease; C) upon COVID-19 symptoms
recurrence and second admission to hospital, day 98 of the disease; D) after the second cycle of
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f

convalescent plasma therapy, day 115 of the disease.
Figure 2. Timeline of neutralizing antibodies titers measured in the serum samples of the

pr

presented immunodeficient patient during the therapy with SARS-CoV-2-specific convalescent

e-

plasma (CCP), together with their theoretical estimates. CCP infusions are denoted by arrows.
Figure 3. Immunophenotyping of the peripheral blood leukocytes by flow cytometry: A) Side

Pr

scatter (SSC) and HLA-DR expression on leukocytes from the patient (left panel) and a healthy
control (right panel). B) CD64 expression on neutrophils and CD169 expression on monocytes
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from the patient (black dot) and a healthy control (blue dot). C) Increased percentages of
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n

exhaustion marker PD-1 positive peripheral blood CD4+ and CD8+ T-lymphocytes of COVID-19
patient (left panel) compared to age and sex-matched healthy control (right panel). Interestingly
and unlikely for healthy control, in COVID-19 patient most PD-1 positive T-cells express
activation marker CD38 that has been associated with the inability to control prolonged/chronic
viral infections.
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