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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- 𝛼) 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. 
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. Introduction 

Patients with Severe Acute Respiratory Syndrome (SARS) coron-

virus 2 (SARS-CoV-2), commonly referred to as the novel coronavirus

f 2019, or COVID-19, were first diagnosed in December 2019 in Wuhan,

hina [1] . The disease rapidly spread across the globe and was de-

lared a pandemic on March 11, 2020, by the World Health Organiza-

ion (WHO). Despite the availability of vaccines, the disease incidence,

ospitalizations, and deaths persist at a high level – largely attributable

o the delta variant of mid-2021 that involves younger and healthier

opulations than originally seen [2] . 

The most common initial manifestations of COVID-19 – fever, cough,

uscle pain, nausea, and vomiting – are due to viral entry into the upper

espiratory tract via the ACE-2 receptor [ 3 , 4 ]. The virus then undergoes

ocal replication and propagation, while infecting ciliated cells in the

onducting airways [5] . During this time, an incubation stage persists
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or approximately 5 days with an early, limited immune response [6] .

fter virus incubation, a period of mild-to-moderate symptoms can oc-

ur to the majority of those infected within 14 days following exposure

 6 , 7 ]. After initial infection of the upper respiratory tract, the lungs be-

ome a primary target as the disease progresses [8] . Lung complications

rom COVID-19 can range from pulmonary edema, endothelial and ep-

thelial damage, acute lung injury, and pulmonary fibrosis [8–11] . The

ungs have the capability to regenerate and heal up to a certain thresh-

ld of damage; however, significant damage to the lungs often results in

rreversible fibrotic scarring and latter functional complications [12] . 

In some persons – especially those with increased risk factors – an

ven more severe, multi-organ disease develops, affecting the heart,

idneys, blood coagulation, and central nervous system [ 7 , 13 ]. The

isks factors, or comorbid conditions, that exist and contribute to the

ost’s increased risk for developing severe COVID-19 and retrospective

omplications are the following: obesity, systemic arterial hypertension,
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hronic obstructive lung disease, and diabetes mellitus [14] . To note,

besity stands out as having the strongest connection to risk [ 14 , 15 ]. 

Despite understanding COVID-19 transmission and clinical manifes-

ations, the precise pathophysiology of COVID-19 human infection is

ncertain and the subject of intense, ongoing investigation [16] . The cat-

lyst at the forefront of COVID-19 ′ s initiation and ramification has been

ostulated as systemic hyper-inflammation, referred to as a “cytokine

torm ” [17] . An amplified immune response, however, can promote fur-

her inflammation to the site, leading to detrimental, self-destructive

ffects that can overwhelmingly damage the lungs [18–21] . Inflamma-

ion is thus a primary target of therapeutic interventions for COVID-19

n both its early and late stages [ 22 , 23 ]. 

Mechanistically, therapeutic agents can be categorized as (i) those

hat aim to target the viral life cycle, such as remdesivir or lopinavir–

itonavir; (ii) SARS-CoV-2–targeted antibody therapies; and (iii) those

hat are focused on the host response, such as glucocorticoids and other

mmunomodulators [24] . Dorward et al. [25] have suggested using an

mmunomodulator to target COVID-19-associated inflammation rather

han targeting the pathogen load itself could more effectively reduce

he progression of COVID-19 immunopathology. Additionally, McCul-

ough et al. [26] have proposed that therapeutic approaches based on

athophysiologic principles for early treatment of COVID-19 include the

i) reduction of reinoculation, (ii) combination antiviral therapy, (iii)

mmunomodulation, and (iv) antiplatelet/antithrombotic therapy. The

tudy described herein is based on immunomodulation. 

This investigation is a proof-of-concept trial in which the investiga-

ors hypothesize that the study drug, Zofin, possesses immunomodula-

ory properties that are (i) safe, (ii) ameliorate inflammation in mild-to-

oderate COVID-19 patients sufficient to prevent disease progression,

nd (iii) demonstrate the anti-inflammatory preventative effect by re-

uction in surrogate inflammatory markers. Zofin is an acellular biologic

erived from full-term perinatal amniotic fluid (AF) containing soluble

aracrine factors and insoluble extracellular nanoparticles. AF and its

omponents have been hypothesized as being beneficial for regenerative

edicine in part due to promoting anti-inflammatory properties, where

tudies have demonstrated the therapeutic potential of AF-derived stem

ells and extracellular vesicles [27–30] . Because of the correlation be-

ween COVID-19 and a pro-inflammatory state, common first-line treat-

ents include anti-inflammatory agents [ 31 , 32 ]. With previous demon-

tration of safety, evidence of anti-inflammatory effects, and possible

fficacy in treating severely ill COVID-19 patients [33] , Zofin has the

otential to prevent disease progression. 

Here within are the findings of a proof-of-concept, expanded access

rial for high-risk patients with mild-to-moderate COVID-19 infection

o investigate (i) the primary outcome, the safety of Zofin as an intra-

enous (IV) therapeutic, (ii) the secondary outcomes, the efficacy of

ofin on surrogate inflammatory biomarkers and patient outcomes, and

iii) whether the results justified further testing in large scale, controlled

linical trials of similar patients who are at high risk for disease progres-

ion. 

. Methods 

.1. Ethics 

This study involving human participants was reviewed and approved

y the Food and Drug Administration (FDA) and the Institute of Regen-

rative and Cellular Medicine Institutional Review Board. The patient’s

onsent to participate in the study and that the data be used for publi-

ation was obtained at the treatment site using an Institutional Review

oard (IRB)-approved informed consent form. FDA approval to treat

hese patients was submitted under the approved parent Investigational

ew Drug (IND) #19,881 and issued as Expanded Access to Zofin for

atients with COVID-19 (IND# 19,881-EA). IRB approval was issued by

 letter with IRB approval number IRCM-2020–269 from the Institute

f Regenerative and Cellular Medicine Institutional Review Board. The
2 
pproved clinical trial protocol was listed on ClinicalTrials.org with an

dentifier of NCT04657406. 

.2. Therapeutic intervention 

The therapeutic intervention studied in this proof-of-concept trial

s a trademarked allogenic, acellular biologic called Zofin containing

F-derived extracellular vesicles. Zofin is manufactured by Organicell

egenerative Medicine, Inc., in Miami, FL, as previously described

5] . Zofin is derived from human AF donated from consenting adults

uring routine, planned cesarean sections under IRB approved donor

creening (IRB approval agency: IRCM). The final Zofin product was

eleased by Organicell Regenerative Medicine, Inc., after meeting the

elease criteria requirements. The product specifications, based on spe-

ific release criteria, for Zofin administered in these treatments were

s follows: sterility (14-day cultures: no growth for aerobic, anaero-

ic, and fungal contamination), endotoxin ( < 0.25 EU/mL), nanopar-

icle composition (concentration = 2.63 ×10 11 nanoparticles/mL), mode

article (size = 99.7 nm), protein concentration (1.084 mg/mL), and

yaluronic acid concentration (196 ng/mL). Supplement Fig. 1 shows

he nanoparticle tracking analysis of Zofin performed by a NanoSight

S300 (Malvern Panalytical, Malvern, UK). 

.3. Patient enrollment and administration of therapeutic intervention 

Patient evaluation, testing, and product infusion were performed in

 single outpatient site at United Memorial Medical Center (UMMC) in

ouston, TX throughout the months of March and June 2021. Study sub-

ects were contacted by phone in chronological order the next day fol-

owing testing positive for COVID-19 in the UMMC clinic. About 50% de-

lined to participate, primarily for travel reasons. Eleven subjects were

nrolled between the ages of 35 and 69 years who had mild-to-moderate

OVID-19 symptoms as defined by the inclusion criteria ( Table 1 ). Pa-

ient enrollment was completed following successful screening, which

ncluded COVID-19 testing and symptom checking. Qualified patients

ere scheduled for baseline (BSL) treatment up to 72 h after screen-

ng. The study duration was 30 days followed by a phone call at 90 days

ost-infusion. Subjects received an intravenous infusion of 1 mL of Zofin

iluted in 100 mL of normal saline on day 0 (baseline), day 4, and day

, respectively, for a total of three treatments of Zofin. Patients received

n-person follow-ups on day 0 (baseline), day 4, day 8, day 14, day 21,

nd day 30 and a phone call follow-up on day 90. One patient with-

rew before receiving any doses of Zofin and 2 subjects were unwilling

o come to the study site after receiving the initial 3 infusions. In total,

 subjects completed the follow-ups and are therefore included in the

ata analysis ( Table 2 ). The patient population contained patients with

 mean BMI of 31.2 ± 4.8. Most of the patients had a BMI considered to

e obese with others being overweight and only 1 normal weight. Three

f the eight subjects had comorbidities with two of them taking asso-

iated medications. Patients 001, 004, and 010 had a medical history

f arthritis and osteoporosis; arthritis, gout, type-2 diabetes, and hyper-

ension; and type-2 diabetes, hypertension, and asthma, respectively.

atients 004 and 010 were actively taking medications prescribed by

heir physicians to address the listed comorbidities. (Note: The 2 sub-

ects who received infusions but did not complete the follow-ups have

een contacted by phone 90 days post-infusion and stated that they have

ully recovered with no adverse effects.) 

.4. COVID-19 testing 

Qualitative detection of COVID-19 was performed using BD univer-

al viral transport kit. Specimens were obtained by nasopharyngeal swab

nd analyzed by real time-polymerase chain reaction (RT-PCR) method-

logy at a CLIA certified laboratory. Testing was completed from screen-

ng and every visit thereafter until a COVID-19 negative result was ob-

ained. 
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Fig. 1. Observation of Patient Outcomes. (A) COVID-19 screening results at each testing time point detected by RT-qPCR. Reported cases of (B) cough, (C) fatigue, 

and (D) shortness of breath in all patients. (E) Pulse oximetry measurements of each patient throughout the study period. Normal range: 95–100%O 2 . (F) Respiratory 

rate as recorded per patients in addition to the (G) percentage change in respiratory rate throughout the study. Normal range: 12–20 breaths/minute. ∗ P-value < 0.05. 
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.5. Laboratory and biomarker testing 

Blood collection and testing for complete blood count (CBC), com-

lete metabolic panel (CMP), and inflammatory biomarkers occurred af-

er initiation of Zofin therapy on days 0, 4, 8, 14, 21, and 30. CBC, CMP,

-reactive protein (CRP), and d -Dimer testing were completed at the

MMC Laboratory. Inflammatory biomarkers interleukin-6 (IL-6) and

umor necrosis factor- 𝛼 (TNF- 𝛼) measurements were completed by Lab-

orp. Absolute lymphocyte counts (ALC) were calculated by multiplying

he total white blood cell (WBC) count by the lymphocyte percentages

etermined at each timepoint. 

.6. Patient outcomes and safety monitoring 

At each visit from the time of screening and thereafter, patients were

sked to report the presence of cough, fatigue, and shortness of breath,

n addition to any new symptoms or change in original symptoms. A

ulse oximeter was placed on the index finger and the blood oxygen
3 
aturation was recorded at each visit. Vital signs, including heart rate,

ystolic blood pressure, diastolic blood pressure, respiratory rate, and

emperature, were recorded at screening and all following visits. The

atients were strictly monitored 15 min prior to the initiation of the

nfusion, during the infusion, and for a minimum of 2 h post-infusion. 

A portable chest x-ray (CXR) was used to acquire imaging at baseline

day 0, prior to treatment), day 8, and day 30 to evaluate, identify, and

onitor lung abnormalities [34] . After images were acquired, analysis

as performed by a staff radiologist at UMMC, and CXR reports were

enerated to describe the clinical findings. 

.7. Statistical analysis 

Statistical differences were calculated using a repeated measures

ne-way ANOVA test. If statistical significance was found, a Tukey test

as used to determine the post hoc analysis. Data analysis was com-

leted using full data sets ( n = 8). For example, incomplete data ( n < 8)

or TNF- 𝛼 and IL-6 at BSL resulted in the removal of that time point for
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Table 1 

Patient inclusion and exclusion criteria. 

Inclusion Criteria Exclusion Criteria 

Age (years) of male or female subjects age > 18 years at the time of signing the 

Informed Consent Form 

Have moderate-to-severe respiratory distress syndrome due to COVID-19 

Clinical diagnosis of COVID-19 by the qualitative reverse-transcription polymerase 

chain reaction (RT-PCR) 

Females who are pregnant, nursing, or of childbearing potential while not 

practicing effective contraceptive methods 

At least 1 of the mild or moderate COVID-19 clinical symptoms according to the 

NIH categories previously described 

Females with a positive blood pregnancy test at screening which will be within 

72 h of the intraperitoneal (IP) infusion 

The main symptoms of mild illness are the following: 
•low-grade fever ( < 38ºC, 37.5–37.9) 
•dry cough 
•fatigue 
•feeling slightly breathless 
•muscle pain 
•headache 
•sore throat 
•diarrhea 

Inability to perform any of the assessments required 

The main symptoms of moderate illness are the following: 
•fever ( ≥ 38ºC) 
•a dry and more consistent cough several times an hour 
•tiredness and need to stay in bed 
•breathless with moderate exercise 
•muscle pain 
•headache 
•soreness from coughing 
•diarrhea 
•dry mouth 

Active listing (or expected future listing) for transplant of any organ 

Adequate venous access Be a solid organ transplant recipient. (This does not include prior cell-based 

therapy ( > 12 months prior to enrollment) or bone, skin, ligament, tendon, or 

corneal grafting) 

For women of child-bearing potential only, agree to use FDA-recommended birth 

control until 6 months post treatment 

Have a history of organ or cell transplant rejection 

For male subjects, agree to use contraceptives and not donate sperm during the 

study 

History of substance (drug or alcohol) abuse 

Agree to comply with all protocol requirements and be willing to complete all 

study visits 

Taking prescription medications not being used appropriately for a pre-existing 

medical condition 

Untreated HIV infection. (Patients could be enrolled if they have been treated 

for HIV and test negative for HIV viral load but still test positive for antibodies) 

Table 2 

Participant demographics and baseline characteristics. 

COVID-19 Patient Parameter 

Patient Population N = 8 
Age (years) 51.9 ± 10.5 

Gender (Female/Male) 3/5 

Patient BMI 

Mean 31.2 ± 4.8 

< 25 (normal weight) N = 1 
25 < 30 (overweight) N = 2 
≥ 30 (obese) N = 5 

∗ Data was presented as mean ± SEM or count. 
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tatistical analysis of both biomarkers, and analysis was performed on

he complete data sets starting at day 4. For the percent change analysis,

atient 003 was excluded for CRP and IL-6 due to an outlier and incom-

lete data, respectively, resulting in an n-value of 7. Data is presented

s the mean ± standard error of the mean (SEM). Figure assembly and

ata analysis were performed using Prism9 software (GraphPad Soft-

are, LLC). 

. Results 

.1. Safety reporting and laboratory testing 

During product administration and throughout the study period, no

erious adverse events were reported. CBC results were analyzed for

ach patient and indicated no abnormalities of concern (Supplement

ig. 2 ). Similarly, CMP results were collected and analyzed per patient

nd demonstrated no findings of concern (Supplement Fig. 3 ). 
4 
.2. Observation of patient outcomes 

At the time of patient screening, all patients were confirmed posi-

ive for COVID-19 infection. COVID-19 testing was repeated at day 4

nd subsequent visits until a negative test result was obtained ( Fig. 1 A).

ll patients resolved from the COVID-19 infection within the 30-day

isit period. Five out of 8 patients reported a cough at screening. By the

0-day visit, cough was resolved in 3 out of 5 patients ( Fig. 1 B). While

 out of 8 patients originally reported fatigue at screening, the fatigue

esolved by day 14 ( Fig. 1 C). Shortness of breath was reported by 1

atient at screening, which resolved by day 8, and 1 patient at day 4,

hich resolved by day 30 ( Fig. 1 D). Pulse oximetry testing of each pa-

ient demonstrated 2 patients below normal O2 saturation at screening,

 patients below normal O2 saturation between day 4 to day 21, and 1

atient with lower than normal O2 saturation at the final 30-day visit

 Fig. 1 E). The respiratory rate, or breaths per minute, were recorded for

ll patients ( Fig. 1 F), and per analysis, a significant decrease was found

or the respiratory rate percent change as compared from screening to

ay 30 ( − 20.5% ± 4.3%, P-value < 0.05)( Fig. 1 G). 

.3. Chest X-ray imaging 

Chest x-ray (CXR) images were taken at baseline, day 4, and day 30

o observe the presence of pulmonary abnormalities ( Fig. 2 A). Baseline

mages demonstrated that 3 out of 8 patients had pulmonary observa-

ions or findings prior to Zofin infusion, whereas 6 out of 8 patients had

bserved pulmonary findings at day 4. By day 30, 3 out of 8 patients

ad observable pulmonary findings ( Fig. 2 B). The patients individual

XR and CXR analysis statements (Supplement Fig. 4 ) were collected
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Fig. 2. Representative chest x-ray (CXR) imaging and summary of pulmonary findings. A) Representative CXR images of patient 011 at baseline, day 8, and day 30. 

B) The observation of pulmonary findings as indicated from CXR reports at the three time points for all patients. 
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t each time point to demonstrate and describe the pulmonary findings

ndicated in Fig. 2 B. 

.4. Inflammatory biomarker testing 

Inflammatory biomarker testing included CRP, d -Dimer, IL-6, and

NF- 𝛼 throughout the study period. At baseline, 5 out of 8 patients had

igh levels of CRP concentration with 2 patients having increased levels

f CRP by the end of the study period ( Fig. 3 A). The percent change

f CRP significantly decreased at the 14-day ( − 81.1% ± 7.3%, P-value

 0.001) and 21-day ( − 78.0% ± 10.9%, P-value < 0.01) time points as

ompared to BSL ( Fig. 3 B). d -Dimer was not found to be outside of the

ormal range for any of the patients at baseline or throughout the study

eriod, and no significant differences between the percent changes were

ound ( Fig. 3 C and D). IL-6 measurements were performed at baseline

nd throughout the study period; however, samples lost for 4 patients at

aseline and 1 patient at day 4 reduced the number of complete data sets

o be analyzed. Analysis of the complete data sets from day 4 onward

ound 4 out of 7 patients with elevated IL-6. IL-6 was not elevated in any

f the patients by day 14 and thereafter ( Fig. 3 E). The percent change

f IL-6 in the 7 patients with complete data sets from day 4 showed a

ignificant decrease at day 14 ( − 77.9% ± 5.2%, P-value < 0.0001), day

1 ( − 81.4% ± 4.5%, P-value < 0.0001), and day 30 ( − 75.7% ± 5.3%,

-value < 0.0001) ( Fig. 3 F). Similarly, TNF- 𝛼 measurements were per-

ormed; however, samples lost for 3 patients at baseline reduced the

umber of complete data sets to be analyzed. Higher than normal TNF- 𝛼

as found in 2 out of 8 patients at day 4 ( Fig. 3 G). Analysis of the per-

ent change from day 4 found TNF- 𝛼 to be significantly reduced from

ay 4 to day 30 ( − 33.8% ± 5.8%, P-value < 0.01) ( Fig. 3 H). 

.5. Absolute lymphocyte count 

The ALC was calculated using the total WBC count and lymphocyte

ercentages collected with the CBC analysis. At baseline, all patients

ere within the normal range of ALC but trended towards the lower

imit ( Fig. 4 A). Throughout the study period, ALC gradually increased

ith a significant increase by day 14 (51.5% ± 12.8%, P-value < 0.05)
nd day 30 (62.8% ± 16.4%, P-value < 0.05)( Fig. 4 B). i  

5 
. Discussion 

The most important goal of treating patients with mild-to-moderate

OVID-19 infection is to prevent progression, which, when it occurs,

sually requires hospitalization, sometimes accompanied with ventila-

or assistance, intubation, and death in 40% of those reaching a critical

tage [35] . Currently, for ambulatory patients with mild-to-moderate

OVID-19 at high risk for progression to severe disease, the Infec-

ious Disease Society of America guideline panel suggests only bam-

anivimab/etesevimab, casirivimab/imdevimab, or sotrovimab, which

s a conditional recommendation with moderate certainty of evidence

36] . Thus, the development of novel therapeutics is vital. 

As a biological agent, Zofin is hypothesized to ameliorate COVID-

9 infection via its perinatal-derived immunomodulatory and anti-

nflammatory properties. Zofin’s composition, which is derived from

erinatal tissue paracrine factors, contains two fractions believed to con-

ribute to its therapeutic potential and ultimately its mechanism of ac-

ion: extracellular vesicles (EVs) and soluble proteins/extracellular ma-

rix components. In nature, AF contains components that play various

oles in fetal immunity, development, and overall homeostasis [37] .

ome of the components of AF that have been characterized include

ts proteomics and cell types, including AF stem cells. Proteomics of AF

eveal that the majority of its proteins reside extracellularly and share

imilarity with specific organ tissues with the lung being the third out

f the top ten tissues [38] . Mesenchymal stem cells from AF and their

aracrine factors have been proven to have a regenerative effect in mul-

iple organs, including the lungs [ 39 , 40 ], highlighting the potential of

erinatal cells to be beneficial in cell therapeutics. Of special importance

o COVID-19, mesenchymal cells of different origin have been used to

reat disease models of the lung such as pulmonary arterial hyperten-

ion and acute lung injury [ 41 , 42 ]. However, the mechanism of ac-

ion from cell-derived therapies has been linked to the cells’ secreted

actors, such as paracrine factors [39] or exosomes and EVs [42] . As

n acellular biologic, Zofin’s therapeutic potential likely resides in the

Vs, nanoparticles, and paracrine factors found in AF and thus incorpo-

ates the perinatal tissue’s inherent protective and immunomodulatory

bility. Preclinical data investigating the therapeutic potential of Zofin’s

V fraction in a neonatal lung injury model demonstrated the product’s

mmunomodulatory and anti-inflammatory properties [30] . When de-
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Fig. 3. Inflammatory Biomarker Testing. A) CRP levels in all patients throughout the study. Normal range: 0–5.0 mg/L. B) Percentage change of CRP concentration 

compared to baseline. C) d -Dimer level in all patients throughout the study. Normal range: 0.3–8.0 ugFEU. D) Percentage change of d -Dimer concentration compared 

to baseline. E) IL-6 levels in all patients throughout the study. Normal range: 0–13.0 pg/mL. F) Percentage change of IL-6 concentration compared to day 4. G) TNF- 𝛼

levels in all patients throughout the study. Normal range: 0–2.2 pg/mL. H) Percentage change of TNF- 𝛼 concentration compared to day 4. ∗ P-value < 0.05, ∗ ∗ P-value 

< 0.01, ∗ ∗ ∗ P-value < 0.001, ∗ ∗ ∗ ∗ P-value < 0.0001. 
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Fig. 4. Absolute lymphocyte count (ALC) as determined by the white blood cell counts and lymphocyte percentages. Normal range: 1–4 x10 3 / 𝜇L. The (A) calculated 

ALC and (B) percentage change of ALC as compared to baseline for all patients. ∗ P-value < 0.05. 
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i  
ivered by intratracheal injection, high oxygen-damaged lungs are pro-

ected from tissue injury concurrent with a reduction in macrophage in-

asion and suppression of pro-inflammatory cytokine expression [30] .

reclinical testing of other EV biologics in large animals has estab-

ished effective EV/nanoparticle single doses ranging from 1 × 10 11 to

 × 10 12 particles / dose [ 43 , 44 ]. The Zofin dose tested within this

tudy contained a nanoparticle concentration of 2.6 × 10 11 particles /

ose and fell within this referenced range. Together, these findings pro-

ide critical developmental insight into Zofin’s mechanistic regulation

f an inflammatory response during pulmonary injury. 

Zofin has previously been approved for testing in a phase I/II clini-

al trial for patients with moderate-to-severe acute respiratory distress

yndrome related to COVID-19 infection (Clinicaltrials.gov identifier:

CT04384445); this study population represents those patients with

oderate-to-severe COVID-19 who are hospitalized but not yet intu-

ated. Similarly, single patient emergency use authorizations were also

pproved to treat severe cases of acute respiratory distress syndrome

nduced by COVID-19 [33] . In continuation of these studies, expanded

ccess was granted by the FDA to test Zofin in this discussed population

f patients with milder disease. Mild-to-moderate, addressed within this

tudy, and moderate-to-severe illness represent two distinct populations

f patients at various stages of COVID-19 infection. 

This proof-of-concept expanded access trial sought to primarily de-

ermine the safety of Zofin when administered intravenously to mild-to-

oderate COVID-19-infected patients in addition to observing its effi-

acy via patient outcome, inflammatory biomarker status, and absolute

ymphocyte count (ALC). All subjects were closely observed for adverse

vents and serious adverse event: no serious adverse events were ob-

erved throughout the study. Vital signs including heart rate, body tem-

erature, and blood pressure (data not shown) as well as CBC and CMP

ests were conducted to monitor the treatment’s influence on overall pa-

ient health. No areas of concern were derived from these parameters,

nd the effect of Zofin via IV therapy for mild-to-moderate COVID-19

atients was concluded to be safe. 

The presence and severity of COVID-19 infection within the lungs

nd their capacity to function is central to its pathophysiology [ 8 , 9 ];

hus, pulmonary symptoms such as cough and shortness of breath as

ell as fatigue were carefully monitored as measures of outcome. The

ength of time necessary for patients to test negative for COVID-19 and

o exhibit symptom onset and/or recovery varied. COVID-19 so far has

emonstrated itself to have a varying disease phenotype in addition to

ymptom heterogeneity in patients [45] , which could contribute to the

ariable outcomes as seen in Fig. 1 . Nonetheless, by the end of the study,
7 
ll patients tested negative for COVID-19, and a majority resolved from

ll associated symptoms, not including 2 out of the 8 patients who ex-

erienced a lingering cough. Image qualification of the patients’ lungs

urther supported an improvement in patient outcome for the major-

ty. Seven patients exhibited pulmonary findings. Four of the 7 patients

esolved pulmonary findings by day 30, while 3 of the 7 patients com-

leted the study with unresolved pulmonary findings. None of the pa-

ients displayed pulmonary worsening by day 30; therefore, no COVID-

9-induced lung findings progressed throughout this study. Addition-

lly, the respiratory rate significantly decreased throughout the study,

uggestive of an improvement to lung health. 

The induction of prolonged inflammation is associated with COVID-

9 infection severity and worsening [ 18 , 19 ]. Regardless of the viral

NA and protein presence of COVID-19 within multiple organs, inflam-

ation has been reported to aggregate predominantly in the lungs [25] .

dditionally, a reduction in ALC as an indication of leukopenia has

een observed in COVID-19 patients and found to correlate with disease

everity [46] . Therefore, measurement of pro-inflammatory cytokines

nd ALC as COVID-19 disease surrogate markers throughout injury pro-

ression in addition to lung pathology are critical components in COVID-

9 patient outcome. Although the study population had elevated con-

entrations of CRP, IL-6, and TNF- 𝛼 at either baseline or the earlier time

oint of day 4, analysis found significant decreases in all three inflam-

atory cytokines. Additionally, ALC levels originally trended towards

he lower limit but elevated with a maximum percent change at the

ndpoint of the study. These results indicate inflammation subsided and

LC levels were stabilized, which lessened inflammatory-related disease

everity for COVID-19 patients. 

A special note must be made about the role of obesity in this study.

lthough body weight was not a factor in the inclusion or exclusion cri-

eria, all but 1 of the 8 patients reported were overweight with most

eing overtly obese. Over 73% of Americans aged ≥ 20 years are over-

eight, including 42.5% who are obese [47] ; therefore, a majority of

he study population having excess weight was unsurprising. The find-

ng that almost all study patients were overweight was not realized until

onducting data analysis after the study had been completed (90 days

fter initial infusion for all study patients). The importance of this demo-

raphic is that obesity has emerged as a strong risk factor – perhaps sec-

nd only to advanced age – for hospitalization among persons with acute

OVID-19 [ 48 , 49 ]. Obesity, which is a component of the metabolic

yndrome, is associated with the secretion of inflammatory adipokines

 50 , 51 ]. The role of inflammation in COVID-19 disease progression

s thus magnified in obese individuals, and this study, regardless of
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he population’s high risk, established evidence to attenuate COVID-19-

ssociated inflammation. Aside from obesity, additional comorbidities

xisted within three of the patients with two patients actively being

reated for their medical conditions. The prescribed medications were

nrelated to COVID-19 treatments and unlikely to be interactive with

OVID-19-related therapeutics. Because only a minority of the patients

ere treated with their comorbidity-prescribed medications, we do not

elieve the medications had a strong influence on patient outcome. 

. Conclusion 

Results of this proof-of-concept study, particularly the significant

rending effect of Zofin on inflammatory biomarkers and ALC, suggests

hat Zofin provided a safe and efficacious therapeutic to prevent COVID-

9 progression to more serious stages. Although COVID-19 was in the

ild-to-moderate stage at the time of initial treatment, some patients

n this cohort could have worsened throughout the treatment course by

hance, which was not observed. Analysis of patient outcomes, includ-

ng COVID-19-associated symptoms, chest x-ray images, and inflamma-

ory biomarkers demonstrated the beneficial outcomes that may indicate

ofin’s efficacy and therapeutic value for preventing disease progres-

ion. Because the patient size was relatively low and lacked a placebo

ontrol, these results warrant further investigation in a larger, random-

zed and placebo-controlled study; however, evidence supports Zofin’s

bility to prevent disease progression for this generalized cohort of mild-

o-moderate COVID-19 patients —especially those with a high-risk fac-

or of obesity. The completed study supports Zofin as a feasible, safe,

nd potentially efficacious therapy for patients with mild-to-moderate

OVID-19 who are at increased risk for progression, including the need

or hospitalization, ventilation, and death. 
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