
The Nation’s Leading Therapeutics Research Company
Pioneering Innovative Technologies in Regenerative Medicine



Founded in 2008, ZEO Scientifix is a publicly traded biotech company (OTCMKTS: ZEOX) committed 
to the research, development, and manufacturing of new biologic medicine. Our focus is on current 
and potential tissue-derived regenerative therapeutics. ZEO is a leading, fully integrated Biologic 
Medicine Company. Our mission is to transform regenerative medicine through development 
of novel nanotechnologies and to become the health care incubator for the next generation of 
biologic medicines.
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Cell Institute (ISCI), where he received comprehensive training in cGMP manufacturing of 
primary stem cells and extracellular vesicles for pre-clinical and clinical trial applications. 
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Dr. Shapiro has been a practicing physician for 30 years, specializing in Internal Medicine, 
Cardiovascular Disease and Age Management Medicine. His career in medicine began in 
1988 when he graduated from New York Medical College. An internship and residency then 
followed at Albert Einstein College of Medicine, after which he completed a fellowship at 
Columbia University College of Physicians and Surgeons in 1994, focusing on Cardiovascular 
Disease Management, including Congestive Heart Failure and Heart Transplantation.



ZEO ScientifiX operates an analytical research 
laboratory and a cGMP manufacturing facility 
within Nova Southeastern University’s Center 
for Collaborative Research Center located in 
Davie, Florida. ZEO ScientifiX’s manufacturing 
facility is registered with the US FDA as a 
Human Cell and Tissue Establishment. Product 
manufacturing is performed in a designated 
clean room space qualified to maintain air quality 
of ISO-Class 7 (ISO 14644, previously Class 
10,000) standards. All tissue handling and final 
product filling is completed within a certified 
Class II A2 Biological Safety Cabinet in the clean 
room space. Environmental monitoring controls 
are standardized to monitor air and surface 
quality in both ambient conditions and during 
active procedures. ZEO ScientifiX’s analytical 
research lab contains essential equipment for 
extracellular vesicle product development and 
testing. Critical equipment includes fluorescent 
nanoparticle analyzers, absorbent and florescent 
plate readers, flow cytometers, fluorescent 
microscopes, endotoxin testing system, 
microbiology culture systems, quantitative PCR 
machines, high to ultra-speed centrifuges, and 
various cold storage.  

ZEO Research Center

ZEO’s proprietary patented products are derived from 
allogenic and autologous sources and are manufactured 
in an FDA registered, cGMP compliant laboratory.

 



ZEO exosomes are derived from biological 
fluids, specifically amniotic fluid or whole 
blood, in a proprierty manner and are 
considered one the purest forms of 
extracellular vesicles. Amniotic fluid is 
immunologically “neutral”, offering the highest 
concentrations of exosomes (EVs).

ZEO’s patent pending process of autologous 
exosomes is the first of its kind. The proprietary 
method of isolation and analysis from a simple 
blood draw concentrates up to 600 billion 
exosomes per milliliter.

Our ground-breaking research and multiple 
peer reviewed papers demonstrate the 
therapeutic potential of nanotechnology. Each 
biologic contains ultra-high concentrations 
of billions of nanoparticles per mL with cargo 
including miRNA, RNA, bioactive proteins, 
lipids, and enzymes that reduce inflammation 
and promote tissue regeneration.

The ZEO ScientifiX Difference

NOT ALL EXOSOMES ARE CREATED EQUAL

Culture Expanded Cells Biological Fluids

n Requires weeks of in vitro expansion
n Exosome cargo dependent on lab conditions
n Sourced from a single cell type

n Minimal Manipulation
n Extraction of naturally occurring Exosomes
n Heterogeneous exosome mixture of 

multiple cell sources



ZEO ScientifiX’s technology is designed to convert natural biofluids containing rich exosomes 
into concentrated exosome therapeutics. Using various forms of fluorescent nanoparticle 
tracking analysis and imaging, we can confirm the isolation and manufacturing of these products.

PANEL A

PANEL D

PANEL E

PANEL B PANEL C

Figure 1: Representative Analysis of Exosome Products: A) Nanoparticle 
tracking analysis and size distribution analysis of processed AF-derived 
product. B) The average particles per mL concentration of processed AF-
derived. C) Representative TEM image of nanoparticles isolated from product. 
D) fluorescent nanoparticle tracking analysis of CD81+ and CD63+ particles 
compared to the total unstained particles. E) The average percentage of 
CD81+ and CD63+ particles. Error bars represent standard error of the mean.
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ZEO ScientifiX tests their products in various pre-clinical models to determine therapeutic 
potential. In one model, amniotic fluid-derived exosomes were tested in a lung injury model 
to demonstrate immunomodulatory, anti-inflammatory, and tissue reparative effects. In this 
model, administration of amniotic fluid-derived exosomes protected the lung tissue, reduced 
inflammatory cell invasion, and blocked the expression of multiple pro-inflammatory cytokines. 

Figure: AF-EVs Prevent Damage to Alveolar Structure and Reduce Macrophage Invasion. A-C) Histology staining of lung alveolar structure. 
Hyperoxia placebo (HYP PL) showed damaged alveolar structure compared to the room air placebo (RA PL) control. Treatment with amniotic 
fluid-derived exosomes in hyperoxia (HYP AF-Evs) improved lung structure compared to HYP PL. D-F) Histology staining of MAC3+ 
macrophages in the lung tissue. Hyperoxia placebo (HYP PL) showed increased macrophage invasion compared to the room air placebo 
(RA PL) control. Treatment with amniotic fluid-derived exosomes in hyperoxia (HYP AF-Evs) reduced macrophage invasion compared to 
HYP PL. G) Quantification of the alveolar mean linear intercept in each of the three groups. Arrows indicate an example of macrophage 
staining. H) Quantification of MAC-3+ macrophages in the lung tissue in each of the three groups. Imaged magnification is 20X. Black or white 
magnification scale bars, bottom right of image, represent 50μM. Error bars represent standard error of the mean. * p-value <0.05, *** p-value 
<0.001, **** p-value <0.0001. 
Figure Referenced From Bellio et al. Cytotherapy 23:12, Dec 21; 1097-1107
Read Published Study at: ZeoScientifiX.com 
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Figure: The Effect of Amniotic Fluid-derived Exosome Administration on Inflammatory Cytokine Expression in the Lungs. Decreased mRNA 
gene expression was found in injured and exosome treated animals (HYP-AF-EVs) compared to the lung injury group (HYP-PL). A) Fold change 
of IL-1α RNA expression in each group relative to RA-PL. B) Fold change of IL-1β RNA expression in each group relative to RA-PL. C) Fold 
change of MCP-1, RNA expression in each group relative to RA-PL. D) Fold change of MIP-1α RNA expression in each group relative to RA-PL. 
n=6/group. Error bars represent standard error of the mean. * p-value <0.05, **p-value <0.01, **** p-value <0.0001. 
Figure Referenced From Bellio et al. Cytotherapy 23:12, Dec 21; 1097-1107
Read Published Study at: ZeoScientifiX.com    
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PPX™ is a first-of-its-kind 
concentrated autologous 
exosome product that contains 
nanoparticles and proteins 
extracted from the patient’s blood 
that can decrease elements of 
cellular inflammation and promote 
tissue healing.



Concentrated plasma 
fraction rich in nanoparticles

FEATURES PPX™ PRP

FDA-compliant 
laboratory facility

Tested free of microbial 
contamination and 
endotoxins

Cell reprogramming for
long term physiological 
changes

Cell-free, Non-HCT/P 
product*

*Non-human cells, tissues and cellular and tissue-based products

PPX™ goes beyond PRP as an autologous blood-derived 
biologic that concentrates only the regenerative fraction of 
the patients’ blood, specifically the exosomes and other 
bioactive proteins. The proprietary high-speed centrifugation 
process isolates approximately 400 billion exosomes. Once 
placed in the body, these powerful 
exosome messengers immediately 
begin the cascade of cellular 
reprogramming and tissue repair.

The specific exosomes isolated 
in PPX™ contain many bioactive 
proteins and miRNA markers which 
are considered the mechanism of 
action that reduces inflammation 
and induces regeneration at the 
cellular level.

PPX™ — The Next Generation Biologic – Autologous Exosomes

PPX™ vs PRP — Exosome Concentration & Nanoparticle Purity

Nanoparticle Quantification
Targeted nanoparticle tracking analysis to quantify the specific 
exosome fraction.

Extracellular Vesicle 
Identification
Exo Dot immunofluorescent 
analysis reveals the presence 
of Extracellular Vesicles 
(CD9+) in PPX™.

Exosome Concentration
CD9-CD63 ELISA Analysis quantifies 
the concentration of exosomes in 
PRP vs PPX™
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PPX™ vs. PRP — Impact on Inflammatory Markers (IL-6 and IL-1β)

PPX™ Compared to PRP

n Monocytes are converted to M1-type Macrophages (pro-inflammatory) with the addition of LPS 
(lipopolysaccharide,) resulting in expression of Il-6 and IL-1β cytokines.

n IL-6 and IL-1β are well known markers of inflammation.
n PPX™ has a significantly more potent effect than PRP at reducing these inflammatory markers – and this effect 

is more consistent with PPX™ than PRP.

n Using an ELISA technology, PPX™ was shown to have TWICE (2.4) the concentration of exosomes than PRP in 
multiple subjects.

n Using a highly specific CD9+ assay, in multiple test subjects, the purity of exosomes (that have the �CD9+ 
surface marker) in PPX™ was 3X that of PRP.

n PPX™ has a more potent anti-inflammatory effect than PRP - as demonstrated by the reduction �of IL-6 and IL-
1β secreted from M1 (pro-inflammatory) macrophages.

n This research is helpful in understanding why, in clinical practice, PPX™ typically generates a very rapid anti-
inflammatory response (and reduction in pain,) which does not generally occur with PRP.

Measurement of IL-6 mRNA Expression Measurement of IL-1β Protein Secretion

P-values: * <0.5, **<0.01, ***<0.001, ****<0.0001



PPX™ Compared to PRP

Additional Supportive RESEARCH
To date, studies have shown the great potential of PRP derived-EVs in the field of tissue repair and 
regeneration and, to some extent, revealed their related mechanisms. Recent findings suggest that PRP-
exosomes may be a superior alternative in regenerative medicine, compared to the well-studied PRP. 1-4,7 

Although it remains to be further demonstrated, PRP-exosomes may have more significant advantages over 
PRP in regenerative medicine for the following reasons:

n some studies have confirmed the higher concentration of growth factors in PRP-exosomes as compared 
to PRP1-3;  

n the smaller size of PRP-exosomes is beneficial for their transfer across biological barriers and helps to 
retain stability in the extracellular environment;  

n they represent a subcellular therapeutic strategy with lower immunogenicity;  
n they provide more sufficient protection for loaded cargoes from the phospholipid bilayer structures;  
n abundant information molecules such as proteins, lipids and RNAs in PRP-exosomes contribute to 

their participation in intercellular communication.5,6; 
n some studies have demonstrated that PRP-exosomes have effective and potentially greater therapeutic 

effects than PRP preparations 7,8. 

1. Torreggiani E, Perut F, Roncuzzi L, Zini N, Baglìo SR, Baldini N. Exosomes: novel effectors of human 
platelet lysate activity. Eur Cells Mater. 2014;28:137-151; discussion 151. 

2. Tao SC, Yuan T, Rui BY, Zhu ZZ, Guo SC, Zhang CQ. Exosomes derived from human platelet-rich plasma 
prevent apoptosis induced by glucocorticoid-associated endoplasmic reticulum stress in rat osteonecrosis 
of the femoral head via the Akt/Bad/Bcl-2 signal pathway. Theranostics. 2017;7(3):733-750. 

3. Guo SC, Tao SC, Yin WJ, Qi X, Yuan T, Zhang CQ. Exosomes derived from platelet-rich plasma 
promote the re-epithelization of chronic cutaneous wounds via activation of YAP in a diabetic rat model. 
Theranostics. 2017;7(1):81-96. 

4. Johnson J, Wu YW, Blyth C, Lichtfuss G, Goubran H, Burnouf T. Prospective therapeutic applications of 
platelet extracellular vesicles. Trends Biotechnol. 2020;39(6):598–612 

5. Aatonen M, Grönholm M, Siljander PR. Platelet-derived microvesicles: multitalented participants in 
intercellular communication. Semin Thromb Hemost. 2012;38(1):102-113. 

6. Preußer C, Hung LH, Schneider T, et al. Selective release of circRNAs in platelet-derived extracellular 
vesicles. J Extracell Vesicles. 2018;7(1):1424473. 

7. Zhao H, Zhao Z, Li D, Wang X, Dai D, Fu H. Effect study of exosomes derived from platelet-rich plasma 
in the treatment of knee cartilage defects in rats. J Orthop Surg Res. 2023 Mar 2;18(1):160. doi: 10.1186/
s13018-023-03576-0.
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& DEVELOPMENT

Principal​ Investigator

Biological Pipeline

George Shapiro, MD, FACP
Chief Medical Officer,
ZEO ScientifiX Inc.

Product
Program

ZOFIN

Therapeutic
Target

Acute Respiratory
Distress- 
COVID-19

Complete

Complete

Complete

Complete

IND Approved

IND Approved

Complete

Complete

IND PendingComplete

COVID-19
 Long Hauler

Syndrome

COPD

Osteoarthritis 

Traumatic
Brain Injury 

Research & 
Pilot Studies Phase I Phase 2 Phase 3

Clinical Research to Obtain FDA Approval for Specific Conditions
5 IND’s – Investigative New Drug Filing – Approved 
4 Phase 1 – Clinical Trials Completed:

  I. Knee Osteoarthritis	 III. Moderate-Severe ARDS from COVID		
 II. Long-COVID	 IV. Mild-Moderate ARDS from COVID



ZEO ScientifiX has led several pre-clinical 
and clinical research studies to investigate 
the therapeutic potential of exosome-based 
biologics. Our research has focused on 
extracellular vesicle and exosome products 
derived from natural biofluid including 
human amniotic fluid and whole blood. 
Using academic research and innovative 
biotechnology platforms, ZEO ScientifiX is 
advancing these new therapeutics on the 
world stage. 



Clinical Studies
ZEO ScientifiX has completed to an IRB-approved 
pilot study to evaluate the safety of intravenous 
infusion (IV) and intra-articular injection (IA) with 
autologous exosomes to treat pain associated 
with Osteoarthritis. In this study, eight subjects 
were treated with autologous exosomes at 
baseline and 6 weeks. WOMAC (Western Ontario 
and McMaster Universities Index) score was 
reported to assess joint pain, stiffness, and 
function at baseline, 6 week, and 3 months. 
Analyzed results showed a significant decrease 
in WOMAC score after 3 months compared to 
baseline reporting.    

Additional Supportive RESEARCH
The effect of human stem cells and exosomes 
on the repair of cartilage in models of 
knee Osteoarthritis has been presented in 
the literature. In one model, intra-articular 
injection with monoiodoacetate (MIA) induced 
an OA-like degredation of cartilage tissue, 
as shown by a disruption in Safranin-O 
staining around the bone tissue. Zavatti et 
al, published results using this model to 
demonstrate a significant repair of cartilage 
tissue in both stem cell and exosome treated 
animals. In particular, the most promising 
results were found in the exosome treatment 
group where significantly more cartilage tissue 
covered almost all fibrous tissue.  

Staining of joint tissue composition.(a) Representative images of safranin-O staining (in red indicated by arrow heads) of negative 
control, MIA alone or treated for 3 weeks with amniotic stem cells (MIA + CELLS) or amniotic stem cell-derived exosomes (MIA + 
EXO). Scalebar = 500μM. (b) Graph of quantitative tissue analysis measuring the percentage of tissues, such as bone, cartilage, 
fibrous tissue, covering the joint surface. One-way ANOVA with Bonferroni post-test.***p< .0001 = versus control group,###p< 
.0001;##p< .01;#p< .05 = versus. MIA group.

Study referenced from: Zavatti, M., et. al., Comparison of the therapeutic effect of amniotic fluid stem cells and their exosomes on 
monoiodoacetate-induced animal model of osteoarthritis. BioFactors 46, 106–117 (2019).

*Unpublished stat, * P Value <0.05, repeated measure 
one-way Anova, Tukey comparison
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Proof-of-concept trial of an amniotic fluid-derived extracellular vesicle biologic for 
treating high risk patients with mild-to-moderate acute COVID-19 infection. 
Michael A. Bellio, Cassie Bennett, Alissa Arango, Aisha Khan, Xiumin Xu, Cesar Barrera, Vincent Friedewald, 
Maria Ines Mitrani.

ABSTRACT
A pandemic brought on by COVID-19 has created a scalable health crisis. The search to help alleviate 
COVID-19-related complications through therapeutics has become a necessity. Zofin is an investigational, 
acellular biologic derived from full-term perinatal amniotic fluid that contains extracellular vesicles. 
Extracellular nanoparticles as such have been studied for their immunomodulatory benefits via cellular 
therapeutics and, if applied to COVID-19-related inflammation, could benefit patient outcome. Subjects 
(n = 8) experiencing mild-to-moderate COVID-19 symptoms were treated with the experimental intervention. 
Complete blood count, complete metabolic panel, inflammatory biomarkers, and absolute lymphocyte counts 
were recorded prior to and on days 4, 8, 14, 21, and 30 as markers of disease progression. Additionally, 
chest x-rays were taken of the patients prior to and on days 8 and 30. Patients experienced no serious 
adverse events. All COVID-19-associated symptoms resolved or became stable with no indication of 
disease worsening as found by patient and chest x-ray reports. Inflammatory biomarkers (CRP, IL-6, TNF-) 
and absolute lymphocyte counts improved throughout the study period. Findings from a proof-of-concept, 
expanded access trial for COVID-19 patients prove the acellular biologic is safe and potentially effective to 
prevent disease progression in a high-risk COVID-19 population with mild-to-moderate symptoms.

Read complete study at zeoscientifix.com

Biomaterials and Biosystems 4 (2021) 100031 

Contents lists available at ScienceDirect 

Biomaterials and Biosystems 

journal homepage: www.elsevier.com/locate/bbiosy 

Proof-of-concept trial of an amniotic fluid-derived extracellular vesicle 

biologic for treating high risk patients with mild-to-moderate acute 

COVID-19 infection 

Michael A. Bellio a , Cassie Bennett a , Alissa Arango a , Aisha Khan b , Xiumin Xu b , Cesar Barrera c , 
Vincent Friedewald c , Maria Ines Mitrani a , ∗ 
a Organicell Regenerative Medicine, Miami, FL 33136, United States 
b Assure Immune LLC., Miami, FL 33136, United States 
c United Memorial Medical Center, Houston, TX 77091, United States 

a r t i c l e i n f o 

Keywords: 
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a b s t r a c t 

A pandemic brought on by COVID-19 has created a scalable health crisis. The search to help alleviate COVID-19- 
related complications through therapeutics has become a necessity. Zofin is an investigational, acellular biologic 
derived from full-term perinatal amniotic fluid that contains extracellular vesicles. Extracellular nanoparticles as 
such have been studied for their immunomodulatory benefits via cellular therapeutics and, if applied to COVID- 
19-related inflammation, could benefit patient outcome. Subjects ( n = 8) experiencing mild-to-moderate COVID- 
19 symptoms were treated with the experimental intervention. Complete blood count, complete metabolic panel, 
inflammatory biomarkers, and absolute lymphocyte counts were recorded prior to and on days 4, 8, 14, 21, 
and 30 as markers of disease progression. Additionally, chest x-rays were taken of the patients prior to and on 
days 8 and 30. Patients experienced no serious adverse events. All COVID-19-associated symptoms resolved or 
became stable with no indication of disease worsening as found by patient and chest x-ray reports. Inflammatory 
biomarkers (CRP, IL-6, TNF- 𝛼𝛼) and absolute lymphocyte counts improved throughout the study period. Findings 
from a proof-of-concept, expanded access trial for COVID-19 patients prove the acellular biologic is safe and 
potentially effective to prevent disease progression in a high-risk COVID-19 population with mild-to-moderate 
symptoms. 

1. Introduction 

Patients with Severe Acute Respiratory Syndrome (SARS) coron- 
avirus 2 (SARS-CoV-2), commonly referred to as the novel coronavirus 
of 2019, or COVID-19, were first diagnosed in December 2019 in Wuhan, 
China [1] . The disease rapidly spread across the globe and was de- 
clared a pandemic on March 11, 2020, by the World Health Organiza- 
tion (WHO). Despite the availability of vaccines, the disease incidence, 
hospitalizations, and deaths persist at a high level – largely attributable 
to the delta variant of mid-2021 that involves younger and healthier 
populations than originally seen [2] . 

The most common initial manifestations of COVID-19 – fever, cough, 
muscle pain, nausea, and vomiting – are due to viral entry into the upper 
respiratory tract via the ACE-2 receptor [ 3 , 4 ]. The virus then undergoes 
local replication and propagation, while infecting ciliated cells in the 
conducting airways [5] . During this time, an incubation stage persists 

∗ Corresponding author at: Organicell Regenerative Medicine, Inc. 1951 Northwest 7th Ave, Suite #300, Miami, FL 33136, United States. 
E-mail address: mari@organicell.com (M.I. Mitrani). 

for approximately 5 days with an early, limited immune response [6] . 
After virus incubation, a period of mild-to-moderate symptoms can oc- 
cur to the majority of those infected within 14 days following exposure 
[ 6 , 7 ]. After initial infection of the upper respiratory tract, the lungs be- 
come a primary target as the disease progresses [8] . Lung complications 
from COVID-19 can range from pulmonary edema, endothelial and ep- 
ithelial damage, acute lung injury, and pulmonary fibrosis [8–11] . The 
lungs have the capability to regenerate and heal up to a certain thresh- 
old of damage; however, significant damage to the lungs often results in 
irreversible fibrotic scarring and latter functional complications [12] . 

In some persons – especially those with increased risk factors – an 
even more severe, multi-organ disease develops, affecting the heart, 
kidneys, blood coagulation, and central nervous system [ 7 , 13 ]. The 
risks factors, or comorbid conditions, that exist and contribute to the 
host’s increased risk for developing severe COVID-19 and retrospective 
complications are the following: obesity, systemic arterial hypertension, 

https://doi.org/10.1016/j.bbiosy.2021.100031 
Received 30 August 2021; Received in revised form 11 November 2021; Accepted 21 November 2021 
2666-5344/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 



Amniotic fluid-derived extracellular vesicles: characterization and therapeutic efficacy 
in an experimental model of bronchopulmonary dysplasia.
Michael A Bellio, Karen C Young, Julian Milberg, Ivan Santos, Zanub Abdullah, Danique Stewart, Alissa 
Arango, Pingping Chen, Jian Huang, Kevin Williams, Kaitlyn Kelly, Shanique Sterling, Aisha Khan, Xiumin Xu, 
George C Shapiro, Maria Ines Mitrani

ABSTRACT
Background aims: Extracellular vesicles (EVs) are being tested for their use as novel therapeutics. However, 
the optimal source of EVs is currently under investigation. Amniotic fluid (AF) is a natural source of EVs 
that can be easily obtained for use in regenerative medicine, yet AF-EV characterization has not been fully 
explored.

Methods: Here the authors demonstrate AF as a rich source of EVs and identify the microRNA and proteomic 
cargo. Bioinformatics analysis of this cargo revealed multiple pathway targets, including immunomodulatory, 
anti-inflammatory and free radical scavenging networks. The authors further demonstrated the therapeutic 
potential of this EV product as a novel preventative agent for bronchopulmonary dysplasia (BPD).

Results: Intra-tracheal administration of AF-EVs preserved alveolar development, attenuated vascular 
remodeling and pulmonary hypertension, decreased lung pro-inflammatory cytokine expression and reduced 
macrophage infiltration in an experimental BPD model.                                                  

Conclusions: The authors’ results suggest that AF is a viable biological fluid for EV harvest and that AF-EVs 
have strong therapeutic potential for pulmonary diseases, such as BPD, warranting further development to 
transition this novel EV product into the clinic.

Read complete study at zeoscienfix.com
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A B S T R A C T

Background aims: Extracellular vesicles (EVs) are being tested for their use as novel therapeutics. However, the
optimal source of EVs is currently under investigation. Amniotic fluid (AF) is a natural source of EVs that can be
easily obtained for use in regenerative medicine, yet AF-EV characterization has not been fully explored.
Methods: Here the authors demonstrate AF as a rich source of EVs and identify the microRNA and proteomic
cargo. Bioinformatics analysis of this cargo revealed multiple pathway targets, including immunomodulatory,
anti-inflammatory and free radical scavenging networks. The authors further demonstrated the therapeutic
potential of this EV product as a novel preventative agent for bronchopulmonary dysplasia (BPD).
Results: Intra-tracheal administration of AF-EVs preserved alveolar development, attenuated vascular remod-
eling and pulmonary hypertension, decreased lung pro-inflammatory cytokine expression and reduced mac-
rophage infiltration in an experimental BPD model.
Conclusions: The authors’ results suggest that AF is a viable biological fluid for EV harvest and that AF-EVs
have strong therapeutic potential for pulmonary diseases, such as BPD, warranting further development to
transition this novel EV product into the clinic.

© 2021 International Society for Cell & Gene Therapy. Published by Elsevier Inc. All rights reserved.
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Introduction

Over 15 million babies are born prematurely (<37 weeks’ gestational
age) every year, accounting for 6�14% of births worldwide [1,2]. Accord-
ing to the Centers for Disease Control and Prevention, the prematurity
rate has worsened for the fourth consecutive year in the USA, and pre-
term complications are the main contributor to infant mortality [3]. Even
more concerning is that almost 50000 infants are born every year at less
than 28 weeks’ gestational age (extreme pre-term birth). Lifesaving inter-
ventions like early surfactant therapy have reduced neonatal mortality,
but perinatal stressors [4] and suboptimal endogenous reparative
responses have resulted in a myriad of complications, the most common

of which is bronchopulmonary dysplasia (BPD) [2]. BPD (or chronic lung
disease of prematurity) affects one in every three extreme pre-term
infants, with an increasing incidence in the past 10 years [5]. The disease
is characterized by an arrest of alveolar development, abnormal pulmo-
nary vascular growth, excessively remodeled pulmonary vessels and, in
the most severe cases, pulmonary hypertension (PH) and right heart fail-
ure [6]. Infants with BPD are also at greater risk of viral infections [7],
recurrent hospitalizations, longer hospital stays, poor growth, cerebral
palsy and long-term cardiopulmonary morbidities. Early treatment inter-
ventions are critical to mitigate the long-termmorbidities of BPD.

Stem cell and other cell-based therapies have become increasingly
popular as new interventions for BPD [8,9]. However, effective cell thera-
pies have been slow to enter the clinic as a result of a number of logistical
challenges, such as cell delivery, cell survival and reproducible large-scale
manufacturing. In recent years, research has revealed that the beneficial
effects of transplanted stem cells are mainly paracrine-mediated via the
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Rationale/Objectives: A human coronavirus (HCoV-19) has caused the novel

coronavirus disease (COVID-19) outbreak worldwide. There is an urgent need to develop

new interventions to suppress the excessive immune response, protect alveolar function,

and repair lung and systemic organ damage. Zofin (previously known as Organicell

Flow) is a novel therapeutic that is derived from the soluble and nanoparticle fraction

(extracellular vesicles and exosomes) of human amniotic fluid. Here within, we present

the clinical outcomes after Zofin treatment in three critically ill patients suffering from

severe, multi-organ complications induced by COVID-19 infection. All patients were

diagnosed with COVID-19, developed respiratory failure, and were hospitalized for more

than 40 days.

Methods: Zofin was administered to patients concurrently with ongoing medical care

who were monitored for 28-days post-therapy. SOFA score assessment, chest X-rays,

and inflammatory biomarker testing was performed.

Main Results: There were no adverse events associated with the therapy. The

patients showed improvements in ICU clinical status and experienced respiratory

improvements. Acute delirium experienced by patients completely resolved and

inflammatory biomarkers improved.

Conclusions: Primary outcomes demonstrate the therapy was safe, accessible, and

feasible. This is the first demonstration of human amniotic fluid-derived nanoparticles as

a safe and potentially efficacious therapeutic treatment for respiratory failure induced by

COVID-19 infection.

Keywords: COVID-19, critical care, ARDS (acute respiratory distress syndrome), exosomes, amniotic fluid (AF),

extracellular vesicles

BACKGROUND

A human coronavirus (HCoV-19) has caused the novel coronavirus disease (COVID-19) outbreak
worldwide. The main symptoms of COVID-19 include fever, fatigue, and cough that can progress
rapidly to severe and critical conditions resulting in pulmonary edema leading to themost common
complications: acute lung injury (ALI) and acute respiratory distress syndromes (ARDS) (1–5).
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ABSTRACT
Rationale/Objectives: A human coronavirus (HCoV-19) has caused the novel coronavirus disease (COVID-19) 
outbreak worldwide. There is an urgent need to develop new interventions to suppress the excessive immune 
response, protect alveolar function, and repair lung and systemic organ damage. Zofin (previously known as 
Organicell Flow) is a novel therapeutic that is derived from the soluble and nanoparticle fraction (extracellular 
vesicles and exosomes) of human amniotic fluid. Here within, we present the clinical outcomes after Zofin 
treatment in three critically ill patients suffering from severe, multi-organ complications induced by COVID-19 
infection. All patients were diagnosed with COVID-19, developed respiratory failure, and were hospitalized for 
more than 40 days.

Methods: Zofin was administered to patients concurrently with ongoing medical care who were monitored 
for 28-days post-therapy. SOFA score assessment, chest X-rays, and inflammatory biomarker testing was 
performed.

Main Results: There were no adverse events associated with the therapy. The patients showed 
improvements in ICU clinical status and experienced respiratory improvements. Acute delirium experienced 
by patients completely resolved and inflammatory biomarkers improved.

Conclusions: Primary outcomes demonstrate the therapy was safe, accessible, and feasible. This is the first 
demonstration of human amniotic fluid-derived nanoparticles as a safe and potentially efficacious therapeutic 
treatment for respiratory failure induced by COVID-19 infection.
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ABSTRACT
Post-COVID-19 infection symptoms such as mental fog, tachycardia, and extreme fatigue are just a few of 
the symptoms wreaking havoc on patients’ lives. Patients with long-term symptoms following COVID-19 are 
being called long haulers. To date, long haulers are receiving little to no guidance from physicians on their 
lingering COVID-19 symptoms with limited treatment options available. Zofin is an acellular biologic that 
contains the extracellular vesicle (EV) fraction of human amniotic fluid and is under investigation for use as 
a COVID-19 therapeutic. We obtained FDA and IRB approval to investigate the therapeutic use of Zofin in 
a single long hauler patient case experiencing prolonged shortness of breath and respiratory impairment. 
Administration of the EV product was shown to be safe. Furthermore, demonstrated respiratory improvements 
through chest X ray images and oxygen saturation measurement. The single patient IND studies were 
completed without any reported adverse events or safety concerns. Furthermore, these completed studies 
demonstrate the feasibility and a therapeutic potential of amniotic fluid-derived EVs for COVID-19 long hauler 
intervention.
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A B S T R A C T   

Post-COVID-19 infection symptoms such as mental fog, tachycardia, and extreme fatigue are just a few of the 
symptoms wreaking havoc on patients’ lives. Patients with long-term symptoms following COVID-19 are being 
called long haulers. To date, long haulers are receiving little to no guidance from physicians on their lingering 
COVID-19 symptoms with limited treatment options available. Zofin is an acellular biologic that contains the 
extracellular vesicle (EV) fraction of human amniotic fluid and is under investigation for use as a COVID-19 
therapeutic. We obtained FDA and IRB approval to investigate the therapeutic use of Zofin in a single long 
hauler patient case experiencing prolonged shortness of breath and respiratory impairment. Administration of 
the EV product was shown to be safe. Furthermore, demonstrated respiratory improvements through chest X ray 
images and oxygen saturation measurement. The single patient IND studies were completed without any re-
ported adverse events or safety concerns. Furthermore, these completed studies demonstrate the feasibility and a 
therapeutic potential of amniotic fluid-derived EVs for COVID-19 long hauler intervention.   

1. Introduction 

Patients suffering from active infections of COVID-19 have more to 
worry about than the acute condition. Even after testing negative, many 
patients are finding themselves with lingering symptoms such as mental 
fog, tachycardia, and extreme fatigue [1,2]. Some are finding them-
selves unable to successfully complete activities of daily living, citing 
lingering COVID-19 symptoms as the culprit. The long-term sequelae 
following COVID-19 is being called long COVID, or ‘long haul COVID’ 
[3]. These long hauler COVID patients have limited treatment options 
available. 

Extracellular vesicle-based therapies are actively being investigated 
for COVID-19 infections due to the observed immunomodulatory and 
anti-inflammatory effects [4]. Zofin is a novel biologic that is derived 
from the soluble nanoparticle and extracellular vesicle fraction of 
human amniotic fluid. The manufactured Zofin therapeutic is an acel-
lular product characterized to contain growth factors, cytokines, and 
chemokines as well as extracellular vesicles and exosomes secreted from 
perinatal tissues. Therefore, our proposed therapeutic intervention 

utilizes cell-derived and tissue-secreted paracrine factors, rather than 
the cells themselves, as the active drug components. Zofin is currently 
under investigation as a novel COVID-19 therapeutic [5]. However, the 
use of amniotic fluid-derived paracrine factors, including proteins and 
extracellular vesicles, have not been tested for the treatment of 
COVID-19 long hauler symptoms. 

In this case report study, a 55-year-old Caucasian male was diag-
nosed with shortness of breath, fevers of unknown origin, total malaise 
and arthropathies on June 8, 2020. The patient experienced vomiting, 
diarrhea, and headaches, as well as loss of smell. Repetitive COVID-19 
PCR nasal swabs came back negative, although antibody tests came 
back positive. With this, the patient was given a formal COVID-19 
diagnosis and then spent 7 weeks hospitalized. During this time, the 
patient was moved into the ICU twice, both instances for a period of over 
a week. While the patient was never intubated, he was on BIPAP to 
address the shortness of breath. While hospitalized, the patient was 
treated with Zosym, Erythromycin, Remdesavir, IV steroids, and a 10- 
day course of oral Dexamethasone. At discharge, the patient was pre-
scribed daily evening nebulizer treatments of 2.5mg Albuterol Sulfate 
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Human amniotic fluid derived extracellular vesicles attenuate T Cell immune response.
Tania del Rivero, Julian Milberg, Cassie Bennett, Maria Ines Mitrani, Michael A. Bellio

ABSTRACT
Introduction: Extracellular vesicles isolated from human amniotic fluid (AF-EVs) have previously been found 
to modulate inflammation and macrophage infiltration in a mouse model. However, the effects of acellular 
amniotic fluid (acAF) or AF-EVs on the T-Cell immune response have not been explored.

Methods: In this study, we investigated the effects of acAF and AF-EVs on the T cell immune response 
in an in vitro cell culture model. Peripheral Blood Mononuclear Cells (PBMCs) were stimulated with 
Phytohemagglutinin (PHA) to induce the immune response and were subsequently treated with either serum-
free media (vehicle), acAF, or concentrated AF-EVs. 

Results: Both acAF and AF-EV treatment suppressed PHA-induced T cell proliferation and PHA-induced T 
cell activation; however, treatment with concentrated AF-EVs had a greater effect. Additionally, both acAF and 
AF-EVs reduced PBMC pro-inflammatory cytokine release. AF-EVs were found to be taken up by both CD4+ 
and CD8+ effector T cell subsets.

Conclusion: Overall, this data demonstrates that AF-EVs have a robust immunomodulatory effect on T cells 
and suggests AF-EVs could be used as an immunotherapeutic tool.

Read complete study at zeoscientifix.com
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Introduction: Extracellular vesicles isolated from human amniotic fluid (AF-

EVs) have previously been found to modulate inflammation and macrophage

infiltration in a mouse model. However, the effects of acellular amniotic fluid

(acAF) or AF-EVs on the T-Cell immune response have not been explored.

Methods: In this study, we investigated the effects of acAF and AF-EVs on the T

cell immune response in an in vitro cell culture model. Peripheral Blood

Mononuclear Cells (PBMCs) were stimulated with Phytohemagglutinin (PHA)

to induce the immune response and were subsequently treated with either

serum-free media (vehicle), acAF, or concentrated AF-EVs.

Results: Both acAF and AF-EV treatment suppressed PHA-induced T cell

proliferation and PHA-induced T cell activation; however, treatment with

concentrated AF-EVs had a greater effect. Additionally, both acAF and AF-

EVs reduced PBMC pro-inflammatory cytokine release. AF-EVs were found to

be taken up by both CD4+ and CD8+ effector T cell subsets.

Conclusion: Overall, this data demonstrates that AF-EVs have a robust

immunomodulatory effect on T cells and suggests AF-EVs could be used as

an immunotherapeutic tool.
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Introduction

Extracellular vesicles (EVs) are cell derived particles enclosed by a lipid bilayer

membrane which play a major role in paracrine signaling by transporting cargo such as

RNA and proteins to target cells (1) This has made them a topic of interest for both

diagnostic and therapeutic purposes and many preclinical studies have focused

specifically on the ability of EVs to combat inflammatory disorders (2–5). EVs can be

obtained from in vitro cultured cells which release EVs into the cell culture media or from

bodily fluids such as blood, urine, and amniotic fluid (AF).
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Extracellular Vesicles: A promising therapy against SARS-CoV-2 infection.
Yan Leyfam, Greta Gohring, Muskan Joshi, Gayathri Pramil Menon, Alexandra Van de Kieft, Tania del Rivero, Michael A. 
Bellio, Maria Ines Mitrani

Summary: In recent years, researchers have focused on intracellular secreted factors, such as extracellular 
vesicles (EVs), to improve and build upon the knowledge gained from cell-based research and spearhead the 
use as potential therapeutic agents for various diseases, including SARS-CoV-2. EVs are small membranous 
structures secreted by the cell membrane or the cell’s internal recycling pathways and have emerged as 
a promising therapeutic strategy due to their involvement in a range of biological processes, including 
cell signaling, immune response, and disease progression. The objective of this analysis is to examine the 
potential efficacy of EV-based therapies in the treatment of SARS-CoV-2 severity, with a particular emphasis 
on their common mechanisms and suitability for future therapeutic use in human patients. 

Read complete study at zeoscientifix.com

Commentary

Extracellular vesicles: A promising
therapy against SARS-CoV-2
infection
Yan Leyfman,1,5 Greta Gohring,2,5 Muskan Joshi,3,6

Gayathri Pramil Menon,3,6 Alexandra Van de Kieft,4,6 Tania del Rivero,2,6

Michael A. Bellio,2,6 and Maria Ines Mitrani2,6

https://doi.org/10.1016/j.ymthe.2023.03.033

Severe acute respiratory distress syndrome
coronavirus 2 (SARS-CoV-2) has infected
over 650 million people and claimed the lives
of nearly 7 million since the start of the
pandemic. While SARS-CoV-2 is becoming
endemic with several preventative therapies,
an effective treatment against severe disease
remains unavailable. Immunocompromised
patients remain vulnerable given the limited
efficacy of vaccinations and are at risk of
respiratory failure, organ failure, and septic
shock if infected.1 The development of ther-
apeutics to combat the progression and
severity of SARS-CoV-2 infection presents
an opportunity to explore innovative ap-
proaches to treating viral diseases. Novel
therapeutic strategies aim to target the host
response to hyper-inflammation and prevent
the cytokine storm that is often associated
with severe COVID-19 cases.2

In recent years, researchers have focused on
intracellular secreted factors, such as extra-
cellular vesicles (EVs), to improve and build
upon the knowledge gained from cell-based
research and spearhead the use as potential
therapeutic agents for various diseases,
including SARS-CoV-2. EVs are small mem-
branous structures secreted by the cell mem-
brane or the cell’s internal recycling path-
ways and have emerged as a promising
therapeutic strategy due to their involvement
in a range of biological processes, including
cell signaling, immune response, and disease
progression. The objective of this analysis is
to examine the potential efficacy of EV-based
therapies in the treatment of SARS-CoV-2
severity, with a particular emphasis on their
common mechanisms and suitability for
future therapeutic use in human patients.

Severe SARS-CoV-2 acts via direct and indi-
rect pathways to cause local and systemic
injury. In the direct pathway, severe SARS-
CoV-2 utilizes its spike protein to bind to
angiotensin-converting enzyme 2 (ACE-2),
allowing entry into cells. Cells in the naso-
pharyngeal tract and lungs are most prone
to damage by SARS-CoV-2 due to higher
cell surface expression of the ACE-2 recep-
tor.3,4 After direct cellular entry, SARS-
CoV-2 replicates using host machinery, and
viral-mediated damage results in the secre-
tion of pro-inflammatory cytokine inter-
leukin-6 (IL-6).5 Clinically, this presents
with anosmia and ageusia with rapid pro-
gression to dyspnea and respiratory failure,
ultimately resulting in multi-organ damage.6

The virus also acts via an indirect pathway to
induce systemic injury. SARS-CoV-2-infected
cells can undergo pyroptosis, which leads to
the release of damage-associated molecular
patterns (DAMPs) and pathogen-associated
molecular patterns (PAMPs).7 This mobilizes
antigen-presenting cells (APCs)—including
dendritic cells and pulmonary macro-
phages—that recognize PAMPs and DAMPs
and release pro-inflammatory cytokines and
chemokines, including interferon (IFN)-g,
IL-6, IP-10, and IL-1b. IL-1b further drives
the activation of pro-inflammatory pathways,
resulting in the recruitment of neutrophils
and cytotoxic T cells and the upregulation of
cytokines—mainly IL-6. Hypoxia induced by
SARS-CoV-2 triggers further IL-6 secretion.8

IL-6 also modulates its own expression by
upregulating the production of IL-10 (anti-
inflammatory). However, in the presence of
SARS-CoV-2, there is significantly greater
IL-6 production, resulting in a net pro-in-

flammatory state. Dysregulation of the innate
immune response leads to increased inflam-
mation and end-organ damage.9,10

One promising treatment modality for se-
vere SARS-CoV-2 infection is EVs. EVs can
secrete proteins and anti-inflammatory mol-
ecules that can modulate the host immune
response. Additionally, EVs may act as a
negative regulatory element in the transmis-
sion of viral infection.11 Given these proper-
ties, EVs act at multiple points within the
direct and indirect pathways to inhibit the
inflammatory cascade (Figure 1). EVs can
inhibit viral replication and thereby decrease
direct viral injury.12 Their ability to block
IL-6, IL-6 precursors (IL-1b), and inflamma-
tory cytokines (tumor necrosis factor a

[TNF-a], IL-8, and MIP-2) at multiple
points within the pathway13,14 while upregu-
lating IL-10 results in downregulation of
cytokine production and reduction in sys-
temic injury.

Given their ability to act on multiple path-
ways, EVs can provide a more comprehensive
and effective approach to treating complex
diseases.15 To highlight the therapeutic prop-
erties of EVs, we conducted a review of 9
studies reporting the effects of EV therapy
on lung injurymodels (Table 1). The reported
outcomes of the reviewed EV therapies in
experimental models (Table 1) indicate lung
injury recovery, improved respiratory func-
tion, and overall survival. This was achieved
by (1) reducing pro-inflammatory cytokines,
(2) enhancing anti-inflammatory cytokines,
(3) decreasing neutrophil infiltration, and
(4) increasing macrophage polarization to
the anti-inflammatory M2 phenotype. EV
administration also resulted in downregula-
tion of IL-1b, TNF-a, IL-6,16–18 MIP-1,18,19

MIP-2, and CXCL2,18,20 in addition to upre-
gulation of IL-10.16,21,22 Moreover, EVs
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Review

Prospective Therapeutic Applications of Platelet
Extracellular Vesicles

Jancy Johnson ,1,2,8 Yu-Wen Wu ,3,8 Chantelle Blyth ,1 Gregor Lichtfuss ,1,2

Hadi Goubran ,4 and Thierry Burnouf 3,5,6,7,*

There is much interest in the use of extracellular vesicles (EVs) as a subcellular
therapy for regenerative medicine and drug delivery. Blood-borne platelets rep-
resent a source of therapeutic EVs that is so far largely unexplored. Advantages
of platelets as a cellular source of EVs include their established clinical value,
regulated collection procedures, availability in a concentrated form, propensity
to generate EVs, and unique composition and tissue-targeting capacity. This
review analyzes the unique potential of platelet-derived (p-) EVs as therapeutic
modalities and presents their inherent translational advantages for hemostasis,
for regenerative medicine, and as drug-delivery vehicles.

EV-Based Subcellular Therapy
Researchers in academic fields and the cell therapy and biotechnology industries have a great interest
in the translational potential of EVs (see Glossary), which, as described by the International Society of
Extracellular Vesicles (ISEV) is ‘a collective term covering various subtypes of cell-released, membra-
nous structures, called exosomes, microvesicles, microparticles, ectosomes, oncosomes, and
apoptotic bodies’, among others [1]. These heterogeneous cell-derived vesicles are ‘delimited by a
lipid bilayer and are unable to replicate as they do not contain a functional nucleus’ [1]. Studies are
ongoing to engineer EVs as a disease modifier biotherapy for age-associated degeneration and as
delivery vehicles for drugs to treat cancer and immune and inflammatory diseases [2–4]. Although
many unknowns remain [5], the enthusiasm for developing EVs as novelmedicinal biological products
is linked to the recognition of their natural functions as vectors of biological messengers and trophic
factors capable of influencing andmodifying the behaviors of targeted cells, opening the door to ther-
apeutic applications [2,6,7]. In addition, the various biological structures that are physiologically
expressed by EV membranes can confer targeting abilities towards pathological sites. EVs have
increasingly been thought to exert vital influences in signaling pathways associated with metabolic
alterations occurring in diabesity, obesity, and type 2 diabetes mellitus [8], as well as some cancers
[9], although further research is needed to clarify their precise role in balancing health and disease
[10]. Based on promising research outcomes, EVs may play unique roles as clinical modalities in
human and veterinary medicine [4]. Turning EVs into therapeutically useful tools that can be tested
clinically at reasonable expenditure and be reliably and economically produced on an industrial
scale under conditions ensuring quality, safety, and consistency is a formidable academic and indus-
trial challenge [2,11]. Currently, most experimental and preclinical developments are focused on the
use of mesenchymal stromal cells (MSCs) as a source of EVs, largely because ex vivo culture proto-
cols for the expansion ofMSCs are already in place for clinical applications in regenerativemedicine
and immunomodulatory therapy [12,13]. However, the conditions used for the ex vivo expansion of
MSCs need to be optimized to ensure the reproducible production, isolation, and safety of EVs
under economically favorable conditions [2].

Surprisingly, relatively little attention has been paid so far to the use of therapeutic blood cells,
such as platelets, as sources of EVs. Using blood cell materials represents substantial

Highlights
Platelet concentrates are a licensed
medicinal cellular product for hospital-
based transfusion and are used as raw
materials to prepare platelet lysates for
human cell propagation.

Platelet concentrates can be used to
generate platelet-derived extracellular
vesicles (p-EVs) for novel therapeutic
indications in regenerative medicine and
as drug-delivery vehicles.

Using platelets as a source of EVs can
alleviate the industrial and regulatory
challenges associated with EVs gener-
ated from in vitro-expanded mesenchy-
mal stromal cells.

Procedures are under development to
definedownstream industrialmanufactur-
ing processes, pathogen safety mea-
sures, quality controls, and release
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vital to accelerate clinical translation.
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Abstract: The ongoing COVID-19 pandemic caused by SARS-CoV-2 is associated with acute respira-
tory distress syndrome (ARDS) and fatal pneumonia. Excessive inflammation caused by SARS-CoV-2
is the key driver of ARDS and lethal disease. Several FDA-approved drugs that suppress virus replica-
tion are in clinical use. However, despite strong evidence for the role of virus-induced inflammation
in severe COVID-19, no effective anti-inflammatory drug is available to control fatal inflammation as
well as efficiently clear the virus. Therefore, there is an urgent need to identify biologically derived
immunomodulators that suppress inflammation and promote antiviral immunity. In this study,
we evaluated acellular human amniotic fluid (acAF) containing extracellular vesicles (hAF-EVs)
as a potential non-toxic and safe biologic for immunomodulation during COVID-19. Our in vitro
results showed that acAF significantly reduced inflammatory cytokine production in TLR2/4/7
and SARS-CoV-2 structural protein-stimulated mouse macrophages. Importantly, an intraperitoneal
administration of acAF reduced morbidity and mortality in SARS-CoV-2-infected mice. A detailed
examination of SARS-CoV-2-infected lungs revealed that the increased protection in acAF-treated
mice was associated with reduced viral titers and levels of inflammatory myeloid cell infiltration.
Collectively, our results identify a novel biologic that has potential to suppress excessive inflammation
and enhance survival following SARS-CoV-2 infection, highlighting the translational potential of
acAF against COVID-19.

Keywords: MA-CoV-2; acAF; AF-EVs; dysregulated immunity; cytokine storm; myeloid cells

1. Introduction

Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2), first identified in
the human population in 2019, caused the COVID-19 pandemic [1]. Since its emergence,
SARS-CoV-2 has infected over 700 million people and caused more than 6.9 million deaths
worldwide [2]. SARS-CoV-2 primarily infects airway and lung epithelial cells, causing
acute respiratory distress syndrome (ARDS), which is characterized by inflammation, acute
lung injury (ALI), and, in many instances, progressing to fatal pneumonia [3,4]. Lethality
in patients (especially the elderly and those with underlying co-morbidities) occurs due
to high lung viral titers and an excessive influx of inflammatory monocyte/macrophages
and neutrophils into the lungs [5–8]. Lung-infiltrating inflammatory myeloid cells further
drive cytokine production during SARS-CoV-2 infection, leading to the development of the
“cytokine storm”, a key feature of severe COVID-19 [7,9–12].

SARS-CoV-2 sensing by different immune sensors and the activation of downstream
signaling pathways that induce antiviral and inflammatory cytokine/chemokine produc-
tion has been well established [13–16]. Among these sensors, Toll-like receptor 7 (TLR7) and
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ABSTRACT
The ongoing COVID-19 pandemic caused by SARS-CoV-2 is associated with acute respiratory distress 
syndrome (ARDS) and fatal pneumonia. Excessive inflammation caused by SARS-CoV-2 is the key driver 
of ARDS and lethal disease. Several FDA-approved drugs that suppress virus replication are in clinical use. 
However, despite strong evidence for the role of virus-induced inflammation in severe COVID-19, no effective 
anti-inflammatory drug is available to control fatal inflammation as well as efficiently clear the virus. Therefore, 
there is an urgent need to identify biologically derived immunomodulators that suppress inflammation and 
promote antiviral immunity. In this study, we evaluated acellular human amniotic fluid (acAF) containing 
extracellular vesicles (hAF-EVs) as a potential non-toxic and safe biologic for immunomodulation during 
COVID-19. Our in vitro results showed that acAF significantly reduced inflammatory cytokine production in 
TLR2/4/7 and SARS-CoV-2 structural protein-stimulated mouse macrophages. Importantly, an intraperitoneal 
administration of acAF reduced morbidity and mortality in SARS-CoV-2-infected mice. A detailed examination 
of SARS-CoV-2-infected lungs revealed that the increased protection in acAF-treated mice was associated 
with reduced viral titers and levels of inflammatory myeloid cell infiltration. Collectively, our results identify a 
novel biologic that has potential to suppress excessive inflammation and enhance survival following SARS-
CoV-2 infection, highlighting the translational potential of acAF against COVID-19. 
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