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Abstract

We are going through the greatest global health crisis of the last decades, the
coronavirus disease 2019 (COVID-19) pandemic. It may cause morbidity and
mortality in some cases, and there is no therapeutic approach with reproducible
and favorable outcomes. As clinical manifestations differ from patient to patient,
any report regarding clinical symptoms has been beneficial for early detection
and treatment. Due to the immunomodulatory effect of mesenchymal stem cells
(MSCs), MSCs-based therapy has been approved to be one of the therapeutic strat-
egies for COVID-19 management. For the first time in the literature, we reported
generalized lymphadenopathy with fever and no sign of respiratory distress in
a 16-year-old patient with confirmed COVID-19 infection as the main clinical
signs. We also introduce decidual stromal cells as a potential immunomodulatory
treatment for COVID-19-infected patients.
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1 | INTRODUCTION

Based on Johns Hopkins University statistics, from
December 2019 to the end of March 2022, over 490 million
confirmed cases of coronavirus disease 2019 (COVID-19)
have been reported all over the world, leading to more
than 6 million deaths, with a case fatality rate of 1.25%."
It is caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), and the clinical manifestations
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mainly include fever, dry cough, fatigue, and chest pain.
Human-to-human nosocomial transmission is the most
common way of COVID-19 spread, which is transmit-
ted from infected persons via aerosol, airborne, or even
infected surfaces.’® Exhalation, sneezing, and coughing
generate aerosol, and inhaling the virus-bearing aerosols
can directly infect the respiratory tract of the others in
the patients’ proximity.* Due to improved transportation
networks and globalization, human mobility is the main
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cause of the widespread transmission of COVID-19, re-
sulting in its pandemic. In the absence of widely distrib-
uted vaccines, mobility and gathering restrictions were the
primary strategy to diminish the COVID-19 transmission.’

Treatment strategies for COVID-19 can be classi-
fied into three categories: (i) antiviral drugs, including
Lopinavir/ritonavir, ~Darunavir/cobicistat, ~Remdesivir,
Favipiravir, and Umifenovir; (ii) immunomodulatory drugs,
like Chloroquine/hydroxychloroquine, Corticosteroids,
Tocilizumab,  Sarilumab, Anakinra, = Emapalumab,
Baricitinib, Mavrilimumab, Canakinumab, Colchicine,
and interferons; and (iii) other drugs, such as neutralizing
antibodies (intravenous immunoglobulins, hyperimmune
plasma), low-molecular-weight heparin and unfractionated
heparin, antibiotics (Azithromycin, Doxycycline), angioten-
sin receptor blockers and Angiotensin convertase enzyme
inhibitors, and TMPRSS2 is a serine protease. The adminis-
tration timing of these therapeutic agents is critical for their
efficiency. For instance, although immunomodulatory drugs
induce more favorable outcomes during the cytokine storm
phase, antiviral agents should be ordered shortly after symp-
toms onset.*” Mesenchymal stromal cells (MSCs) are well-
known immunomodulatory cells with promising results in
controlling hyperinflammatory conditions.® Decidual stro-
mal cells (DSCs) are MSCs derived from the placenta and
fetal membrane.” Compared to the bone marrow-derived
MSCs, DSCs have much stronger anti-inflammatory capac-
ities that candidate them for cell therapy of inflammatory
diseases.” Their safety and promising results in controlling
inflammatory disorders, such as graft-versus-host disease,

neural inflammation, and acute respiratory distress syn-
drome (ARDS)’*? have led us to apply them in the case of
COVID-19-related hyperinflammation.

The clinical observations among COVID-19-infected
patients may be surprisingly different, complicating the
treatment process. Hence, numerous global reports about
the diversity of COVID-19 clinical symptoms can be bene-
ficial for early detection and on-time treatment. Here, we
report a COVID-19-positive patient admitted to Taleghani
hospital, Shahid Beheshti University of Medical Sciences,
Tehran, Iran, with unusual generalized lymphadenopathy
and no respiratory complications. The case is successfully
treated with two intravenous doses of DSCs.

2 | CASE PRESENTATION

A 16-year-old boy who had suffered from fever (38.5 °C)
for the past 24 h was admitted to the Taleghani Hospital,
Tehran, Iran, on May 12, 2020. The patient showed no
symptoms other than fever and generalized lymphadenopa-
thy at the admission time. The CBC result showed a reduced
WBC, Hb level, and MCV and MCH indexes; conversely,
neutrophil count exhibited an abnormal increase (Table 1).
However, the arterial blood gases were normal, and no sign
of respiratory distress was observed at the admission time.
Some inflammatory markers such as IL-6, CRP, ESR, CPK,
and LDH, coagulation factors like troponin, D-dimer, and
fibrinogen, and some biochemical parameters including fer-
ritin, AST, ALT, and ALP were evaluated at the admission

TABLE 1 The results of CBC and oxygen saturation before DSC administration and after the first and second injection

Parameters and their reference range

Cell blood count
RBC (3.8-5.1 x10° ul) 5.55
WBC (4.0-10.5% 10° 1l) 3.1
Lymphocyte (20-40%) 30
Neutrophil (50-70%) 67
Monocyte (3-12%) 3
Eosinophil (0.5-5%) 0
Basophil (0-1%) 0
PLT (145-449 X 10° /ul) 157
RBC indexes
HGB (14-18 g/dl) 13.7
HCT (42-52%) 421
MCV (80-96 f1) 75.8
MCH (27-32 pg) 25.8
MCHC (33-36 g/dl) 33.9

Oxygen saturation (95-98%) 91

Before DSC administration

After first DSC After second DSC
administration administration
5.28 5.66

2.9 5.1

35 27

62 70

2 3

1 0

0 0

189 244

13.2 12.7

39.3 38.1

74.3 67.3

25.5 233

34.4 34.6

90 93
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TABLE 2 The results of some inflammatory markers, coagulation assays, and biochemical tests before DSC administration and after the

first and second injection

Parameters and their reference range

IL-6 (5-15 pg/ml) 111
CRP (<6 mg/L) 47
ESR (1-10 mm/h) 28
CPK (60-400 TU/L) 428
LDH (140-280 IU/L) 377
Troponin (0.04 ng/ml) Negative
D-dimer (<0.5 p/ml) +4
Fibrinogen (200-400 mg/dl) 372
Ferritin (12-300 ng/ml) 73
AST (10-40 TU/L) 37
ALT (29-33 TU/L) 19
ALP (20-140 TU/L) 488
FIGURE 1 CT scan images (A)

The CT result on admission day (B) The
CT result 24 h after the first injection of
decidual stromal cell administration (C)
The CT result 24 h following the second
injection of decidual stromal cells

day (Table 2). IL-6, CRP, ESR, CPK, LDH, and D-dimer pa-
rameters were higher than the reference range at the ad-
mission day, while troponin, fibrinogen, ferritin, AST, ALT,
and ALP parameters were in the range.

Initial medical examinations were performed on May
14, 2020, to assess lymphadenopathy by sonography of the
neck, bilateral inguinal, abdomen, and pelvis. The results

Before DSC administration

After first DSC After second DSC
administration administration
32 11

29 18

16 7

99 58

325 273

Negative Negative

+1 Negative

245 202

69 52

28 16

16 13

357 254

showed a few reactive lymph nodes at the jugular chain
and bilateral submandibular; the most prominent lymph
nodes with short-axis diameters (SAD) of 11 and 12 mm
were found in the right and left submandibular areas, re-
spectively. Besides, several reactive lymph nodes were ob-
served at the axillary and inguinal regions with SAD of 10
and 12.5 mm, respectively.
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On May 14, 2020, the spiral chest CT scan showed
the bilateral multifocal ground-glass opacities with
remarkable infiltrations in the lungs that strongly
suggested COVID-19 infection as the main diagnosis.
Furthermore, a mediastinal CT scan indicated hep-
atosplenomegaly, and bilateral axillary and bilateral
lymphadenopathy with a maximum SAD of 12 and
15 mm, respectively (Figure 1). However, COVID-19
real-time PCR tests on nasopharyngeal and oropharyn-
geal samples were negative. The presence or absence
of viral infection must be confirmed regarding the pa-
tient’s symptoms and lymphadenopathy. Eventually,
SARS-CoV-2 RNA was detected in the bronchoalveolar
lavage sample using real-time PCR, which confirmed
SARS-CoV-2 infection.

As the generalized lymphadenopathy has not been re-
ported as a clinical sign in COVID-19-positive patients,
we considered other bacterial and viral infections or he-
matopoietic malignancies, including lymphoma, as the
possible explanations for this phenomenon. In this light,
the patient was confirmed to be negative for the varicella
zoster virus, toxoplasmosis, cytomegalovirus (CMV),
hepatitis B and C virus (HBV and HCV), human immu-
nodeficiency virus (HIV), and Epstein-Barr virus. The
transbronchial needle aspiration procedure was carried
out for histological evaluations to find tumor cells within
the lymphoid tissues. Unexpectedly, no sign of neoplasia
was observed in the histological analysis.

The COVID-19 treatment with low-dose cortico-
steroids, Lopinavir/ritonavir (Kaletra) 200/50 mg,
Hydroxychloroquine 400 mg, and azithromycin 250 mg
was started following the COVID-19 positive result.
However, high-dose dexamethasone was not prescribed,
considering the possibility of neoplasia. Despite the
COVID-19 treatment, the blood O, saturation decreased,
lymphadenopathy and fever were not ameliorated, and
the patient experienced a significant weight loss and dis-
ease progression.

On May 15, 2020, the patients underwent cell ther-
apy with decidual stromal cells (DSCs). DSCs were iso-
lated from the fetal membranes under GMP conditions
based on a previously described protocol.” After provid-
ing informed consent, placenta tissues were obtained
from healthy mothers who underwent elective cesarean
section. The donors were screened for viral infections,
including HIV, HBV, HCV, and CMV viruses. After trans-
ferring to the laboratory under sterile conditions, the fetal
membranes were isolated, washed with PBS, dissected,
and transferred into the 50 ml falcons containing trypsin/
EDTA for digestion and DSCs isolation. Then, the isolated
cells were cultured in Dulbecco's modified Eagle me-
dium (DMEM) supplemented with 10% fetal calf serum
(FSC). The fetal membrane residues were cultured in the

12.00

10.00 —

IL-6

8.00

6.00 —

T T T
Before injection After the first injection  After the second injection

Time Points

FIGURE 2 Serum IL-6 before and after the first and second
decidual stromal cell administration. The serum concentrations
of IL-6 cytokine significantly decreased after the first and second
decidual stromal cell injection

T175 flasks containing DMEM to form the fibroblast-like
cell colonies. Eventually, the cultured cells were harvested
using trypsin/EDTA when they reached 90-95% conflu-
ence, then washed with complete DMEM, and cultured
in new T175 flasks containing DMEM supplemented with
10% FSC. Isolated DSCs were expanded until passage five
(P5). For DSCs characterization, the expression of CD105,
CD90, CD73, CD44, CD45, and CD34 surface markers was
examined using flow cytometry. The DSCs’ viability and
the specimens’ microbial contaminations were checked
prior to injection. 100 mg hydrocortisone was injected
about half an hour before each DSC administration to
prevent the side effects of the cell therapy. Two doses of
1-1.2 x 10° cell/kg, suspended in 0.9% NaCl injection
solution, were injected into the central venous line within
5 min with 4-day interval. The vital signs were monitored
every 3 h within the first 24 h following DSC injection and
every 6 h within 48 h later. The patient presented no com-
plications, even dizziness, and the most common adverse
effect of cell therapy.

Evaluation of IL-6, as one of the main inflammatory
cytokines, showed a significant decline following cell in-
jection, where its concentration decreased from 12.38 pg/
ml before cell therapy to 6.2 pg/ml after cell therapy
(Figure 2). The CT scan results after the first and second
doses of DSCs indicated the positive impact of this medi-
cal intervention.

On May 20, 2020, the patient was discharged from the
hospital in good general condition. The PET/CT examina-
tion was performed on July 5, 2020, to rule out any ma-
lignancies, which showed no sign of lymphoproliferative
disorders in the patient (Figure 3).
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FIGURE 3 PET/CT image. The PET/CT result indicated no sign of lymph proliferative disorders in the patient

The results of CBC analysis, oxygen saturation test, before DSC administration and after the first and second
inflammatory markers (IL-6, CRP, ESR, CPK, and LDH), DSC injection were presented in Tables 1 and 2. WBC
coagulation assays (troponin, D-dimer, and fibrinogen), count and the level of IL-6, CRP, ESR, CPK, LDH, and D-
and some biochemical tests (ferritin, AST, ALT, and ALP) dimer were increased after DSC therapy.
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3 | DISCUSSION

The clinical manifestations of COVID-19 include a wide
range from mild to severe, including fever, tiredness, dry
cough, and chest distress which may develop ARDS and
even multiple organ failure. Lymphadenopathy is the less
common symptom, along with headache, diarrhea, skin
rashes, and lymphadenopathy.? Although CT scan has a
leading role in COVID-19 diagnosis and management,"’
few studies have reported the mediastinal lymphad-
enopathy in COVID-19-positive patients as an atypical
CT feature. Shi et al. detected lymphadenopathy in 6% of
radiological analysis of 81 COVID-19-infected patients.'*
Valette et al. reported mediastinal lymphadenopathy in
the six cases of nine COVID-19-positive patients. They
suggested a relationship between mediastinal lymphad-
enopathy and COVID-19 infection severity. Accordingly,
the patients with critical conditions exhibited larger medi-
astinal lymph nodes."

Lymphadenopathy could have several etiologies, in-
cluding malignancies, infection, autoimmune disorders,
and iatrogenic causes.'® In this case, after ruling out the
malignancy, COVID-19 real-time PCR and chest CT scan
results suggested that SARS-CoV-2 infection was the rea-
son for the generalized lymphadenopathy. The standard of
practice in managing lymphadenopathy is to find and treat
its underlying cause. We started low-dose corticosteroids,
which did not improve the patient's condition and deteri-
orated the patients’ symptoms. Although malignancy was
ruled out, and since the generalized lymphadenopathy is
not a typical symptom of COVID-19, we preferred not to
prescribe high-dose corticosteroids due to the minimum
possibility of malignancies. Therefore, the immunomod-
ulatory approach was preferred over immunosuppressive
treatments in hyperinflammatory conditions.

Regarding immunomodulatory and tissue-repairing
effects of MSCs and trapping of a considerable part of
infused MSCs in lungs,' they are considered promising
choices for cell therapy of COVID-19, where hyperinflam-
mation and lung tissue degeneration are the main causes
of mortality and morbidity.'” Numerous clinical trials are
currently evaluating the efficacy of MSCs in controlling
the cytokine storm and hyperinflammation of COVID-19,
and'”? their safety is approved in several studies.'®*"*
Several studies reported the effectiveness of DSCs, stro-
mal cells with significantly stronger anti-inflammatory
properties,” in controlling the hyperinflammatory dis-
orders. First, Ringden et al. reported the safety and effi-
cacy of DSCs and their significant privilege in alleviating
inflammation,'*'%2%2*

This case report is the first report of using DSC infusion
in a COVID-19-infected patient with a hyperinflammatory

condition. Although a one-patient case report could not
be conclusive, our results encourage using DSCs as an im-
munomodulatory element to attenuate hyperinflamma-
tion in COVID-19. The patients’ lymphadenopathy was
completely cured, and no abnormality was found after
1 year of monitoring. Since the patient was young, it can
be considered that his improvement might be due to the
clinical course of the disease rather than the DSC therapy.
Since the conventional treatments for COVID-19 did not
ameliorate the fever, lymphadenopathy, and weight loss
and even worsened the O, saturation, it could be con-
cluded that DSCs might, at least in part, have led to his
improvement.

4 | CONCLUSION

Despite the ineffectiveness of the conventional thera-
pies for COVID-19, DSCs showed a favorable effect on
controlling the COVID-19 symptoms in the presented
case. However, several controlled trials are required to
prove the safety and efficacy of DSC therapy in severe
COVID-19.
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