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Abstract

The coronavirus pandemic is one of the most significant public health events in recent history. Currently, no specific treatment
is available. Some drugs and cell-based therapy have been tested as alternatives to decrease the disease’s symptoms, length of
hospital stay, and mortality. We reported the case of a patient with a severe manifestation of COVID-19 in critical condition
who did not respond to the standard procedures used, including six liters of O, supplementation under a nasal catheter and
treatment with dexamethasone and enoxaparin in prophylactic dose. The patient was treated with tocilizumab and an
advanced therapy product based on umbilical cord-derived mesenchymal stromal cells (UC-MSC). The combination of
tocilizumab and UC-MSC proved to be safe, with no adverse effects, and the results of this case report prove to be a promising

alternative in the treatment of patients with severe acute respiratory syndrome due to SARS-CoV-2.
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Introduction

The coronavirus pandemic is one of the most significant pub-
lic health events in recent history. Coronavirus disease 2019
(COVID-19), caused by the new coronavirus 2 (SARS-CoV-
2)!, can result in a severe acute respiratory syndrome with
significant morbidity and mortality, in addition to significant
impacts on health and the economy. Since December 6th,
2020, COVID-19 has affected more than 115 million people,
resulting in more than 2.5 million deaths worldwide”. Cur-
rently, no specific treatment is available. Some drugs and cell-
based therapy have been tested as alternatives to decrease the
disease’s symptoms, length of hospital stay, and mortality.
Tocilizumab is a US Food and Drug Administration-
approved IL-6 receptor antagonist commonly used to treat
cytokine release syndrome (CRS) secondary to chimeric
antigen receptor T-cell therapy®. The proinflammatory IL-
6 appears as one of the critical cytokines leading to the
inflammatory storm, resulting in increased alveolar gas

exchange dysfunction® .
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Cell Transplantation

Currently, mesenchymal stromal cells (MSC) have been
introduced as one of the therapies used to treat COVID-19
disease’. These cells secrete bioactive factors that protect
and repair damaged tissue, in addition to anti-apoptotic, scar
inhibitory, angiogenesis stimulating, and mitogenic effects
for intrinsic progenitor cells of the tissue®. There is also the
secretion of chemoattractive molecules by MSC that can

recruit other cell types to repair injured tissue”'°.

Material and Methods

According to the Code of Ethics of the World Medical Asso-
ciation (Declaration of Helsinki), this study was carried out.
Ethical approval to report this case was obtained from local
Ethics Committee in Human Research/CONEP (CAAE:
30833820.8.0000.0020, date of approval: 23 May 2020).
Written informed consent was obtained from the patient for
publication of this case report and accompanying image.

Clinical Presentation

A 51-year-old patient with a previous history of high blood
pressure, urethral stenosis, and body mass index of 36.92
presented frontal headache associated with asthenia and
myalgia, fever, dry cough, and hypoxia. A positive PCR test
for SARS-COV?2 confirmed the disease ten days before first
cell infusion (D10). Seven days after (D3), there was wor-
sening of asthenia, diarrhea episodes, and the onset of dys-
pnea, requiring hospitalization. Upon admission (D2), the
patient presented tachypnea and 84% O, saturation (sat
0,) in room air, associated with diffuse vesicular murmur
with no other changes on physical examination. Laboratory
tests showed hyperferritinemia (1.5 ng/mL), lymphopenia
(445 lymphocytes/uL), and thrombocytopenia (77.35 X
10°/uL), in addition to a slight elevation in the D-dimer
(377.5 ng/mL) and chest tomography with focal opacities
with a ground-glass aspect, dispersed in both lungs, predo-
minantly on the periphery. Despite the slight improvement
after 6 liters of O, supplementation under a nasal catheter
and treatment with dexamethasone and enoxaparin in pro-
phylactic dose, he presented worsening hypoxemia and need
to be transferred to the intensive care unit (ICU), where he
received support with non-invasive mechanical ventilation
and an infusion of 400 mg of tocilizumab.

The following day (D1), the patient presented persistent
hypoxemia despite O, supplementation and was submitted to
orotracheal intubation and mechanical ventilation, followed
by prone position. This maneuver allowed an increase of the
PO,/FiO, ratio from 87 to 190, but the patient presented
hemodynamic instability. An angiotomography confirmed
a diagnostic hypothesis of pulmonary thromboembolism
(PTE), and full anticoagulation was started. The patient was
then submitted to a new dose of tocilizumab. Ten days after
the beginning of symptoms and three days of the worsening
of the severity of the clinical condition (D0), the patient was
included in a study protocol for treatment with allogeneic

umbilical cord-derived mesenchymal stromal cells (UC-
MSC) to received three intravenously infusions of 500,000
cells (passage 3) per kilogram in alternate days (Fig. 1A, B).
The MSC were diluted in 30 mL of saline supplemented with
20% human albumin and 5% Acid Citrate Dextrose (ACD)
and were infused at an interval of five minutes (6 mL /
minute).

In D1 and D3, the patient received the first and second
doses of UC-MSC despite maintaining hemodynamic
instability and requiring prone position and high ventilatory
parameters, in addition to neuromuscular blockers. Even
though a slight improvement was observed, the patient did
not withstand a spontaneous ventilation test. He received a
third dose of UC-MSC at D5 and was extubated at D7. He
uneventfully presented signs and symptoms of critical illness
polymioneuropathy, with significant improvement on subse-
quent days, receiving discharge from the ICU on D11 and
hospital discharge on D15, walking normally, with fatigue
and dry cough symptoms. Two months after the first UC-
MSC infusion, the patient no longer had symptoms related to
the disease.

Advanced Therapy Product Manufacturing

Allogeneic MSC were obtained from the umbilical cord of a
healthy donor with negative serological tests for infectious
agents and negative RT-PCR for SARS-CoV-2. The proce-
dure was performed following Good Manufacturing Prac-
tices for an Advanced Cell Therapy Product. After the
standardized process of mechanical and enzymatic isolation,
MSC were expanded in vitro until passage 3 and showed the
viability of 97%; negative cultures for bacteria and fungi,
absence of endotoxin and Mycoplasma; flow cytometry
characterization with positive markings for CD90, CD105,
CD29, and CD73 and negative for CD45, CD34, CD14,
CD19, and HLA-DR (BD Biosciences, San Jose, CA, USA);
and absence of clonal chromosomal aberrations in G-
banding karyotype analysis (Fig. 2).

Laboratory Findings

The following parameters were evaluated in the pre-infusion
of cells (DO0), on the day following each infusion (D2, D4,
and D6), on the 14th (D14) and two (D60) and four (D120)
months after the first infusion: viral load, immune response
(T lymphocytes), C-reactive protein level in plasma, oxygen
saturation, respiratory rate, total lymphocyte and subpopula-
tion counts (platelets, inflammatory cells, and reticulocytes),
TGO/TGP, increased prothrombin time, D-dimer, creatinine,
and troponin.

Viral Load Determination

RNA extraction was performed with the QIAamp Viral RNA
Kit (Qiagen, Germantown, MD, USA) following the manu-
facturer’s recommendations. The reverse transcription and
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Fig. 1. Study design. (A) Umbilical cord-derived mesenchymal stromal cells (UC-MSC) were isolated, expanded, and evaluated for surface
markers, viability, presence of fungi and bacteria, and chromosomal abnormalities. The patient received three infusions of 500.00 UC-MSCs/
kg and two infusions of 400 mg of tocilizumab. The patient’s clinical and laboratory evaluations were performed pre-MSC infusion (D1) and
on days 2, 4, 6, 14, 60, and 120. (B) Schematic representation of the days before (minus) and after the first infusion of UC-MSC.

quantitative PCR reaction were performed in the same step
using GoTaq Probe 1-Step RT-qPCR System (Promega,
Madison, WI, EUA) with LightCycler system (Roche, Sao
Paulo, Sao Paulo, Brazil) using the manufacturer’s recom-
mendations and primers RARP_SARSr- F2 established and
validated by Corman and collaborators''. The relative quan-
tification of RARP was calculated about the pre-infusion time
of MSCs using AACq methods.

Immunophenotypic Profile

Immunophenotypic characterization of peripheral blood
(PB) lymphocytes was performed with conventional stain-
lyse sample preparation techniques according to Kalina
et al.'? Commercial antibodies were used to analyze the
expression of cell surface markers CD3, CD4, CDS, CD19,

CD38, CD127, CD25, and HLA-DR (Becton Dickinson, San
Diego, CA, USA). FACS Cantoll flow cytometer (Becton
Dickinson, Franklin Lakes, NJ, USA) was used for data
acquisition and Infinicyt™ software (Cytognos, Salamanca,
Spain—version 2.0) to flow cytometry analyses.

Image Analysis

Chest computed tomography scan (CT) is the golden stan-
dard diagnostic tool for lung diseases and has been used
for accessing the severity of the COVID-19. During the
evaluation, the lung was divided into six zones (upper,
middle, and lower on both sides) by the tracheal carina
level and the inferior pulmonary vein level bilaterally on
CT using a modified scoring system showed by Li e

1
colaboradores'>.
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Fig. 2. Quality control of umbilical cord-derived mesenchymal stromal cells (UC-MSC). (A) Cell characterization; (B) Cell viability.
(C) Cytogenetics test. The cells showed a high expression of CD29, CD73, CD90, and low expression of CD 14, CD19, CD34, CDA45,
and HLA-DR markers (A). Cell viability analysis showed less than 8% of dead cells (7-AAD) and less than 1% of cells in apoptosis (Annexin-V)
(B). The UC-MSC did not show any chromosomal aberrations. Ann: Annexin; 7-AAD: 7-amino actinomycin.
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Table I. Laboratory Findings.

DO D2 D4 Dé D14 D60 D120 Reference Value
Creatinine (mg/dL) 1.87 1.24 1.32 1.0l 0.83 0.77 0.9 0.9 to 1.3 mg/dL
Urea (mg/dL) 57 80 90 93 30 34 30 17 to 43 mg/dL
Total bilirubin (mg/dL) 0.7 0.76 0.94 0.84 0.57 0.67 0.71 0.3 to | mg/dL
TGO (U/L) 74 54 57 56 40 20 I8 <50 UL
TGP (U/L) 53 49 65 60 92 25 22 <50 U/L
LDH (U/L) 756 54| 490 540 359 150 143 140 to 271 U/L
Ferritin (ng/mL) 2,611.7 2,006.7 2,049 2,466 1,109.7 281.8 206.8 23.9 a 336.2ng/mL
Troponina | (ng/mL) 0.02 0.01 0.01 0.02 0 0 0 <0.02 ng/mL
Lactate (nmol/L) 1.7 2.4 34 2.4 1.4 1.2 1.3 <1.8 nmol/L
C-reactive protein (mg/mL) 253 12.0 4.6 35 0.5 0.6 04 <5.0 mg/mL
D-dimer (ng/mL) 11.400 3,545 3.977 3,897 1,675 369.7 141.27 <554.0 ng/mL
Fibrinogen (mg/dL) 353 267 229 250 197 418.39 299.9 200 to 395 mg/dL
KPTT (seconds) 255 284 259 253 21.9 322 24.9 a 37 seconds

DO, pre-Infusion; D2, day after fisrt UC-MSC infusion; D4, day after second UC-MSC infusion; D6, day after third UC-MSC infusion; D 14: 14 days after first
UC-MSC infusion; D60, 60 days from first UC-MSC infusion; and D120, 120 days from first UC-MSC infusion.
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Fig. 3. Relative viral quantification. (A) The viral RrRP gene’s presence was normalized by the human RNApol gene’s presence
and decreased gradually from the viral gene in the patient’s samples from | (DI) to 0.06 (Dé) undetectable in D14. (B) The viral slope
(-0.9422) and R2 (0.9871) was established after linearization of the data by natural logarithm (In(x)) and obtaining the linear equation.

Results
Laboratory Findings

Results that lie outside the reference ranges decreased during
the follow-up from DO to D60: creatinine (1.87 to 0.9 mg/
dL), TGO (74 to 18 U/L), ferritin (2,611.7 to 206.88 ng/mL),
D-dimer (11,400 to 141.27 ng/mL) and C-reactive protein
(25.3 to 0.4 mg/mL) (Table 1).

Viral Load Determination

The relative viral quantification decreased gradually from 1
(D0) to 0.06 (D6) RARP/RNApol, being undetectable in D14

(Fig. 3).

Immunophenotypic Profile

We observed an increase in the absolute number of total
lymphocytes, total T-cell subpopulations T helper (CD4),
and T regulatory (Treg) cells. Plasmablasts, in contrast, were

high compared to average values at the begging of the viral
disease, decreasing from 52 (DO0) to 0.01(D120) (Fig. 4).

Image Analysis

The CT showed ground-glass opacities associated with
crosslinking (mosaic paving) and subpleural lines, predomi-
nantly peripheral and basal at the beginning of treatment
with an increase in D14. In the evaluation of D60, a marked
regression of opacities with practically complete regression
in D 120 (Fig. 5).

Discussion

The mortality for critical and severe cases of patients with
COVID-19 reached as high as 60.5%'?. In this study, a
patient with a severe manifestation of COVID-19 in critical
condition who did not respond to the standard procedures
used was treated with tocilizumab and an advanced therapy
product based on UC-MSC.
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Fig. 4. Immunophenotypic profile. (A) An increase in the absolute number of T lymphocytes/ pL also has been observed to have
progressively increased from 148.6 (DO0), 642.6 (D6), 607.4 (D14), 485,7(D60), and 775.4 (D120); CD4 T lymphocytes, 102 (D0), 481.2
(D6), 459.5 (D14), 358.0 (D60), and 567.9 (D120) and Treg lymphocytes 10.8 (DO0), 34 (D6), 29.8 (D14), 25.9 (D60), and 14.2 (D120).
Plasmablasts, in contrast, progressively decreased from 52 (D0) to 0.01 (D120). (B) Lymphocytes gated on CD4 (red/orange) and analyzed in
merge form of the sequencing days (DO, DI, D2, D4, D6, and D14), showing the decrease in CD25+/CD127neg T cells—TREG (Orange
scale). (C) B-cell lymphocytes gated on CDI9 (red) and Plasmablasts gated on CD19+CD38++ (blue scale), showing a decrease in
plasmablasts number from DO to D14. TL (T Lymphocyte); CD4 (cluster of differentiation); TREG (T regulatory cells); BL (B Lymphocyte).

Xu and colleagues'®> demonstrated that the symptoms, suggesting that this monoclonal antibody could be an effi-
hypoxemia, and CT opacity changes were improved imme- cient therapy for the treatment of COVID-19. In the specific
diately after the treatment with tocilizumab in most patients, case of this report, the patient did not improve after the first
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Chest computed tomography findings Pre D14 D60 D120

Right upper lobe 2 3 1 0
Right middle lobe 3 3 1 1
Right lower lobe 2 4 1 0
Left upper lobe 2 4 1 1
Left lower lobe 2 4 1 1
Total score 11 18 5 3
Number of lobes involved 5 5 5 3
Ground-glass opacities yes yes yes yes
Linear opacities yes yes yes yes
Consolidation no yes no no
Interlobular septa thickening yes no no no
Mosaic paving pattern yes no no no
Subpleural lines yes yes yes yes
Bronchial wall thickness no no no no
Lymph node enlargement no no no no
Pleural effusion no no no no

Fig. 5. Chest computed tomography scan. (A) Chest CT scan without contrast, the axial section at the lower lobes level. Pre-
transplantation, showing ground-glass opacities associated with crosslinking (mosaic paving) and subpleural lines, predominantly peripheral
and basal. D14 shows an increase in the extent of ground-glass opacities, now with a more significant amount of peribronchovascular
opacities. D60 shows marked complete regression of the opacities previously described. D120 shows almost complete regression of the
opacities previously described. (B) Each lobe was assigned a score that was based on the following: score 0, 0% involvement; score 1, less
than 5% involvement; score 2, 5% to 25% involvement; score 3, 26% to 49% involvement; score 4, 50% to 75% involvement; and score 5,
greater than 75% involvement. Scores of 0 to 5 were determined for each lobe, with a total possible score of 25 (adapted from Li et al.'3).

administration of tocilizumab, requiring a second adminis- The role of neutralizing antibodies appears to be promis-
tration of the drug, and due to the patient’s critical condition, ing in preventing the worsening of nonhospitalized patients
the infusion of UC-MSC was included in the protocol. with Covid-19. REGN-COV2 (casirivimab and
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imdevimab) reduced viral load, with a more significant
effect on patients whose immune response had not yet been
initiated or had a high viral load at baseline'®. Similarly,
treatment with bamlanivimab and etesevimab, compared
with placebo, was associated with a statistically significant
reduction in SARS-CoV-2 viral load!”. Thus, mild or mod-
erate COVID-19 seems to benefit from the use of neutraliz-
ing antibodies, but in the most severe cases, the use of this
strategy individually does not seem to be efficient. There-
fore, the association with another type of treatment, as in
this case the MSC infusion, may be the key to increase
efficiency.

Multiple ongoing trials have demonstrated the safety and
effectiveness of using MSC in treating severe acute respira-
tory syndrome due to SARS-CoV-2 associated with a signif-
icant reduction in serious adverse events, mortality, and time
to recovery compared to the control groups'® 2. MSC ther-
apy has the capacity of anti-inflammatory and immunoregu-
latory functions, promotes the regeneration of damaged
tissues, inhibits tissue fibrosis, and even more, MSC do not
have an ACE2 receptor, which make them immune to
SARS-CoV-2%*. MSC-mediated immunosuppression is due
to cell-cell contact (essential for its inhibitory function) and
the release of soluble factors and requires initial activation of
proinflammatory cytokines such as IFN-y, TNFa, IL-1a, or
IL-1B. In addition to immunosuppression, MSC stimulate
the proliferation of regulatory T cells CD4 + and CD25 +,
which act in the induction and maintenance of peripheral
tolerance®* °.

After the two infusions of tocilizumab and, more specif-
ically, from the first infusion of MSC, the patient started to
show progressive clinical improvement, which was evi-
denced by the results of laboratory tests that were approach-
ing the reference levels for a healthy individual. The viral
load decreased until it was undetectable at D14. The increase
of plasmablasts and activated B-cells is typical in acute viral
infections and progressively decreased, demonstrating the
patient’s recovery. A study evaluating the first 250,000 cases
of hospitalization for COVID-19 in Brazil showed a mortal-
ity rate of 55% of patients with RT-qPCR-confirmed
COVID-19, younger than 60 years, admitted to the ICU and
submitted to mechanical ventilation from February to
August 2020 in the southern region®. The patient presented
in this case study had the same characteristics as the patients
mentioned in Ranzani and collaborators’ study, which leads
us to assume that the treatment we used effectively preserved
the patient’s life.

Further studies with a more significant number of patients
may carry the possibility of using tocilizumab combined
with UC-MSC. The increase of patients who may need this
advanced therapy product requires many readily available
cells. Umbilical cord tissue (UCT) has advantages compared
to other MSC sources because it is a material that would be
disposable, the cells have a higher frequency of proliferation,
and can be used allogeneic stem cell infusion®’-®.

Conclusion

The synergistic combination of an IL-6 receptor antagonist
and a cell-based product with anti-inflammatory effects can
lead to decreased inflammatory cytokines, increased regula-
tory cells, and lung repair. The use of tocilizumab and MSC
proved to be safe, with no adverse effects, and the results of
this case report prove to be a promising alternative in the
treatment of patients with severe acute respiratory syndrome
due to SARS-CoV-2.
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