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ABSTRACT

COVID-19 (SARS COV-2) has a serious adverse effect in the form of Acute Respiratory Distress Syndrome (ARDS)
caused by a hyper-inflammation event (‘cytokine storm’) that causes damage to the lung tissue. Previous studies have
shown a link between disease severity and excessive elevation of pro-inflammatory cytokines, such as tumor necrosis
factor-alpha (TNF-a) and interleukin 6 (IL-6). This discovery is substantiated by the plasma cytokine levels found in
the majority of patients suffering from severe COVID-19 with extensive lung damage.

Recently, mesenchymal stem cells (MSCs) have shown their potency in combating the cytokine storm due to their
immune-modulatory, anti-inflammation, and paracrine effects. MSCs cultured under hypoxic conditions may increase
the activity of solutes known as Secretome-MSCs (S-MSCs), such as interleukin 10 (IL-10), and transforming growth
factor beta (TGF-p), which are considered as principal contributing factors in reducing inflammation. In addition, they
can also increase the expression of growth factors such as vascular endothelial growth factor (VEGF) and fibroblast
growth factor (FGF) that accelerate the repair of the lung injury.

In this case report, we report an effective therapy to control the COVID-19 cytokine storm that regenerates damaged
lungs. A severely ill COVID-19 patient with comorbidities suffered ARDS. Standard therapy was given with no
improvement. Secretome-MSCs administration was suggested. A total of 7 vials were injected in the patient via an
intramuscular route. Two weeks after the last dose was administered, the patient’s condition significantly improved.
Current clinical findings show the curative prospect of secretome-MSC in the therapy of COVID-19 related ARDS.
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1. BACKGROUND globally [1], [2]. This virus is transmitted from human
to human through respiratory droplets, aerosols, or

The current novel coronavirus disease (COVID-19), contaminated surfaces [3]-[6].

which initially occurred in Wuhan, China at the end of . i i o
Clinical manifestations of this disease vary from

2019, had rapidly spread to more than 200 countries
worldwide. This pandemic has caused an unprecedented
challenge to public health and is devastating the
economic and social spheres. This pandemic is
perpetrated by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), infecting almost 200
million people with mortality rates of around 2%

asymptomatic or mild to severe symptoms such as
cough, fever, or shortness of breath, to respiratory
failure and multiple organ dysfunction [5], [7]. SARS-
CoV-2 uses the angiotensin-converting enzyme |l
(ACE2) receptor as cell entry receptor and type 2
transmembrane serine 2 protease (TMPRSS2) for S
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protein priming [5], [8]. The SARS-CoV-2 attacks the
lungs because both of these proteins are found on
alveolar type Il cells and capillary endothelial cells of
the lungs [5], [6], [9]. The pathogenesis related to the
lung damage is the effect of the virus either directly
destroying these cells or indirectly diminishing the
immune response [10]. Once the infection has been
established by the virus, it is identified by the innate
immune system that leads to the expression of type |
interferon (IFN) which has antiviral activity [11]. This
immune response is important for the successful
eradication of the virus. However, the virus can evade
the immune response, moreover, triggering an
overreaction of the defence mechanisms which causes
an inflammatory hyper-response that becomes more
harmful than the initial aggression and known as
‘cytokine storm’. Cytokine storm is responsible for
acute respiratory distress syndrome (ARDS), other lung
abnormalities like pneumonitis, and causing ‘ground
glass’ opacity in the lungs [12]. The progression of this
condition could evolve swiftly and culminates in a high
mortality rate, which is approximately around 40% due
to ARDS-caused cytokine storms [6]. At the end of
2020, data from a COVID-19 referral hospital in
Jakarta, Indonesia revealed that the intensive care unit
(ICU) occupancy had escalated to 80%. Furthermore, in
one of the most referred COVID-19 hospitals, patients
with COVID-19 related pneumonia in the ICU had a
mortality rate as high as 87% [13]. In this case report,
we report an effective therapy to control the COVID-19
cytokine storm that regenerates damaged lungs. The
patient had given the consent to use his medical record
data for this case report.

2. CASE PRESENTATION

A 35-year-old male patient suspected of COVID-19
was admitted to the private hospital on April 28, 2021.
This patient also had medical history of hypertension
and diabetes as comorbidities. On admission, he
presented with a fever, cough, shortness of breath,
nausea, and emesis. His vital signs were abnormal
(Table 1). Furthermore, he was diagnosed with
dyspnoea, bilateral  pneumonia, @ ARDS, and
coagulopathy. After the real time-reverse transcription
polymerase chain reaction (RT PCR) test he was
confirmed with COVID-19. The blood oxygen
saturation of the patient was very low (SpO;: 68%). He
was given High Flow Nasal Cannula (HFNC) (FiO::
80%) with a flow rate of 60 liters per minute (Ipm) to
assist ventilation, and the SpO; rose to 97%. He showed
the abnormal level of C-reactive protein (CRP) (218.92
mg/L) and IL-6 was 3.06 pg/mL. The clinical laboratory
features of the patient are shown in table 2. The X-Ray
imaging showed ill-defined bilateral airspace
consolidation with predominance peripheral distribution
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(Figure 1). He was treated with routine antivirals for
COVID-19, and other supportive treatments for the
symptoms (Table 3).

In the evening the condition of these severely ill
patients was not improved, suggesting that the current
therapy was not effective. The therapy of secretome-
MSC was proposed. The secretome-MSC was produced
by PT. Bifarma Adiluhung (Certificate on Good
Manufacturing Practice: GMP/CPOB/A/X/19). The
secretome-MSC was derived from human umbilical
cord and cultured in hypoxic condition. He was injected
with 1 vial (1.5 mL) of secretome-MSCs via
intramuscular.

On April 29, he was injected again with 1 vial of
secretome-MSC in the morning, followed by a second
dose of secretome-MSC in the evening. He was still on
the HFNC and the breathing pattern was still not
effective (Table 2). The X-Ray imaging showed
radiological ~worsening (ground glass opacity).
Extensive progressive bilateral airspace consolidation is
more pronounced on the right lung (Figure 1).

On April 30, he still showed dyspnoea, hypoxia, and
ARDS. The HFNC was still maintaining to assist his
breathing. D-dimer result was higher than normal level
(12.62 pg/mL). The secretome-MSCs treatments were
given in the same doses as the day before. He showed
higher levels of pH, bicarbonate, and white blood cells.

On May 1, the shortness of breath had reduced. He
was given another 1 vial of secretome-MSCs via
intramuscular injection.

On May 2, another 1 vial of secretome-MSCs was
injected into the patient. The dyspnoea was reduced but
the breathing pattern was still ineffective.

On May 3, the HFNC was changed into non-
rebreather mask (NRM). He was recovered from
shortness of breath (Table 1).

On May 5, the breathing pattern was normal, the
NRM treatment was removed, D-dimer level was
decreased to 5 pg/mL and the CRP gradually decreased
from 218.92 mg/L before treatment and returned to the
normal level of 4 mg/L. The IL-6 level was 5 pg/mL,
which was higher compared to the result from April 28
and 30. The X-Ray imaging showed improvement
compared to the previous results, although it still
showed bronchopneumonia.

On May 6, he was discharged from the hospital and
continue with outpatient care.

On May 17, based on the X-Ray imaging of the
chest, the result was remarkably improved after
administration of 7 vials of secretomes. The current
appearance of the lung is nearly normal (Figure 1).
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Table 1. Vital sign of patient during in hospital

Variable 28-Apr 29-Apr 30-Apr 1-May 2-May 3-May 4-May 5-May
BP 165/110 | 150/110 150/90 160/110 135/90 138/95 130/80 120/80
RR 30 25 27 24 24 25 24 22
HR 110 105 100 88 71 88 84 80
SpO; 80 97 98 98 96 98 98 98
FiO2 Fio2 Fi02 FiO2 Fio2
HFNC 80%, 80%, 80%, 80%, 70%,
60 Ipm 50 Ipm 50 Ipm 50 Ipm 40 Ipm
NRM 15 Ipm 10 Ipm
Table 2. The clinical laboratory characteristics of this severely ill COVID-19 patient
Normal .
Date Range 28-Apr | 29-Apr | 30-Apr | 1-May | 2-May | 3-May | 4-May | 5-May Unit
RBC 4.6-6.2 5.84 55 10e6/uL
WBC 5-10 6.4 - 11.29 - - - - 10e3/uL
Hb 13-18 16.4 - 15.3 - - - - g/dL
Ht 40-54 - - 46.3 - - - - %
Platelet 150-440 204 - 272 - - - - 10e3/pL
NEU 50-70 - - 79.1 - - - - %
LYM 18-48 - - 10.5 - - - - %
ALT 0-41 70.5 - - - - - - U/L
AST 0-38 48.4 - - - - - - U/L
Ureum 18-55 48.4 - 48.9 - - - - mg/dL
Creatinine <1.17 0.79 - 0.79 - - - - mg/dL
CRP <5 218.92 - - - - - 4 mg/L
PCT <0.046 0.1 - - - - - - ng/mL
D-dimer <05 - - 12.62 - - 359 | 5.17 5 Hg/mL
IL-6 <7.0 3.06 - 3 - - - 5 pg/mL
Table 3. Treatments of the patient during in hospital (Blue colour indicates treatment were given)
Treatments 28-Apr 29-Apr 30-Apr 1-May 2-May 3-May 4-May 5-May
Antiviral 2x1600 | 2x 1600 | 2x 1600 | 2x 1600 | 2x 1600 | 2x 1600 | 2x 1600 | 2 x 1600
(Favipiravir 200
mg) mg mg mg mg mg mg mg mg
Antibiotics AZT 1x | AZT1x | AZT1x | AZT1x | AZT1x | AZT1x | AZT 1x | AZT 1 x
(Azithromycin 500 | 500 mg, | 500 mg, | 500 mg, | 500 mg, | 500 mg, | 500 mg, | 500 mg, | 500 mg,
mg, Ceph2x | Ceph2x | Ceph2x | Ceph2x | Ceph2x | Ceph2x | Ceph2x | Ceph 2 x
Cephalosporine) 1 1 1 1 1 1 1 1
Anti-inflammation 2x1 2x1 2x1 2x1 2x1 2x1 2x1 2x1
(Dexamethasone)
. 3x1000 | 3x5000 | 3x5000 | 3x5000 | 3x 5000
Heparin ; : : : :
iu ius.c ius.c ius.c ius.c
UC-MSC
Secretome 1.5 ml Ix1 2x1 2x1 Ix1 Ix1
Standard COVID-
19 drugs plus anti-
diabetic and anti-
hypertension
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Figure 1 The X-Ray images of this severely ill COVID-19 patient

3. DISCUSSION

Cytokine storm can occur as a result of the invasion
of hyper-inflammatory immune cells (neutrophils and
macrophages) at the pulmonary site hyper-activation of
T-helper 1 (Th1) cells, along with upregulation of pro-
inflammatory cytokines such as interleukin 6 (IL-6),
tumor necrosis factor-alpha (TNF-a), interleukin 1 (IL-
1), interferon-gamma (IFN-y), IFN-induced protein 10
(IP10), monocyte chemoattractant protein-1 (MCP-1),
inflammatory macrophage protein-la (MIP-1a), and
granulocyte-colony stimulating factor (G-CSF) [5], [6].

There are still no definite drugs to cure COVID-19.
Neither are there specific vaccines available to prevent
this infection [14]. Currently, the treatment plan of
COVID-19 is only supportive which entails the
administration of antiviral and antibiotic agents, while
severe cases require additional invasive ventilation.
Several trials of repurposing antivirals, drugs,
neutralizing antibodies, and convalescent plasma as
treatment of COVID-19 were done but the effectiveness

of these treatments is still in question. In this case
report, the patient was given the standard therapy for
COVID-19 such as antiviral and antibiotic with
additional HFNC due to the severity of the condition,
which showed no improvement after the standard
therapy.

Therefore, to combat this unusual virulence, new
therapeutic strategies must be explored. Mesenchymal
Stem Cells (MSCs) have appeared as an innovative and
potential choice for severe COVID-19 patients due to
their abilities to repair tissue and suppress overactive
immune responses. It has been proven in many studies
that the focal role of MSCs for providing therapeutic
potential lies in their paracrine activity. MSCs produce a
complex mixture of soluble protein including
extracellular vesicles (EVs), cytokines, and growth
factors during in vitro culture, especially cultured under
hypoxic condition [6]. Hypoxia was identified as a
better condition to enhance growth factors such as
VEGF, keratinocyte growth factor (KGF), hepatocyte
growth factor (HGF), and FGF [15]. This intricate
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compound is called a secretome or a conditioned
medium, which showed immunomodulatory, anti-
inflammatory, and regenerative capabilities [6]. Cell-
free therapies for COVID-19 such as the usage of
secretome-MSCs have been studied in ARDS-COVID-
19 related cases [16], [17]. This cell-fee therapies were
commonly given via intravenous (1V) [16], [18]. When
given intravenously, the secretome-MSCs remained
highly stable in the blood flow then distributed through
the lungs [19], [20].

However, in this case report, the secretome-MSCs,
was administered intramuscularly. The IM route was
chosen in this case to give the sustained release and
prolonged the effect from the soluble factors that
contained in the secretome-MSCs. Other studies also
performed intramuscular (IM) administration for MSC
treatment and showed that IM route is particularly
beneficial for the secreted biomolecules and minimally
invasive compared to the conventional 1V infusion route
[21].

A total of 7 vials of secretome-MSCs were injected
to the patient intramuscularly. The condition of the
patient was gradually improved. Two weeks after the
last dose of secretome-MSC was administered, the
patient’s lung was significantly improved compared to
the condition on the day he was admitted to the hospital
(Figure 1).

This remarkable improvement is due to the role of
the secretome-MSC that contains many anti-
inflammatory cytokines such as IL-10, TGF-B,
interleukin 1 receptor antagonist (IL1lra), TNFa-
stimulated gene-6 (TSG6), which are thought to be key
determinants in reducing inflammation, inhibit cytokine
storm, and opposing the symptoms that are associated
with COVID-19. Moreover, this secretome-mediated
immune suppression and establishment of an anti-
inflammatory environment can significantly quash the
viral infection. This mechanism will directly restore the
lung microenvironment and as a result, the overall
clinical outcome will improve [22].

4. CONCLUSION

Current clinical findings show the curative prospect
of secretome-MSC in the therapy of COVID-19 related
ARDS. Further clinical trials are needed to evaluate the
doses, route of transmissions, and timing of secretome-
MSCs administration. The development of standard
operating procedures (SOPs) for obtaining Good
Manufacturing Practice (GMP)-grade secretome-MSC
are necessary for further clinical applications.
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