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ARTICLE INFO ABSTRACT

Keywords: Post-COVID-19 infection symptoms such as mental fog, tachycardia, and extreme fatigue are just a few of the
COVID-19 symptoms wreaking havoc on patients’ lives. Patients with long-term symptoms following COVID-19 are being
Extracellular vesicles called long haulers. To date, long haulers are receiving little to no guidance from physicians on their lingering
EZ::;:LH COVID-19 symptoms with limited treatment options available. Zofin is an acellular biologic that contains the
Long COVID 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
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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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every 6 hours or when needed.

Two months after initial hospital admission, the patient was still
experiencing symptoms—most prominently, sustained and prolonged
shortness of breath. This resulted in severe fatigue that restricted the
patient’s ability to perform daily living activities. As a result, the
treating physician diagnosed this patient as COVID-19 long hauler and
requested a compassionate use trial to administer Zofin.

Prior to treatment initiation, the patient experienced extreme
shortness of breath while going up stairs, however, was not able to go
downstairs at all. This shortness of breath also resulted in the patient
feeling extremely air hungry while eating or talking. At the time, the
patient was also experiencing viral pneumonitis, acute respiratory
distress, meningitis/encephalitis, and hyperglycemia while on steroids.
Here within, we present a completed case report study of the investi-
gational use of Zofin in this COVID-19 long hauler patient. The aim of
this study was to demonstrate investigational product safety and feasi-
bility for the COVID-19 long hauler population.

2. Materials and methods

Ethics: This study involves a human participant that was reviewed
and approved by the FDA and the Independent Review Board Western
Institutional Review Board. The patient’s consent to participate in the
study and for data publication was obtained at the treatment site by the
patient using an IRB approved informed consent form. This single pa-
tient IND was submitted under the approved parent IND #19881 and
FDA approval was issued with the following IND # 25888. IRB approval
was issued by letter of acknowledgement from Western Institutional
Review Board.

Therapeutic Intervention: The therapeutic intervention studied in
this case report was an acellular biologic called Zofin. Zofin was man-
ufactured by Organicell Regenerative Medicine, Inc. in Miami, FL as
previously described [5]. The Zofin product was derived from human
amniotic fluid donated from consenting adults during routine, planned
cesarean sections under IRB approved donor screening (IRB approval
agency: IRCM). The final Zofin product was released by Organicell
Regenerative Medicine, Inc. after meeting the release criteria re-
quirements. The specific release criteria parameters for the product
administered in these treatments were: sterility (14-day cultures: no
growth for aerobic, anaerobic, and fungal contamination), endotoxin
(<0.05 EU/mL), nanoparticle composition (concentration = 3.26 x
lOll/mL, mode particle size = 90.2nm), protein concentration
(2.83mg/mL), and hyaluronic acid concentration (261ng/mL). Zofin
was stored frozen and shipped on dry ice to the treatment location
following validated storage and shipping methods.

Patient Standard Care and Administration of Therapeutic Interven-
tion: The patient was treated at Advanced Regenerative Therapies in
Savanah, GA. Three 1ml doses of Zofin were administered intravenously
on Day 0, 4, and 8 in an outpatient setting. The treating physician fol-
lowed up with the patient daily during treatment and continued to
monitor progress on follow up visits; Day 14, 21, 28, and 60. The patient
was monitored for 30 minutes immediately following the IV infusion.
ChartPad Software (Technomad), a cloud-based electronic data capture
platform, was used to collect patient data.

Chest X-Ray: Chest X-Ray (CXR) was used to acquire imaging to
evaluate, identify, and monitor lung abnormalities [6]. After images
were acquired, analysis was performed by the treating physician at
Advanced Regenerative Therapies, Savanah GA. CXR reports were
generated to outline the clinical findings.

Pulse Oximetry Testing: A pulse oximeter was placed on the index
finger and the blood oxygen saturation was recorded at each visit.

Laboratory and Biomarker Testing: Blood collection and testing
occurred at 0, 4, 8, 14, 21, and 28 days after initiation of Zofin therapy to
assess standard blood panels and for concentration of D-Dimer, CRP, IL2,
IL6, and TNFa. Blood panels and biomarkers were completed at the
laboratory facility at St. Joseph/Candler Hospital, Savannah, GA.
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Patient Perspective: The patient’s perspective and self-reported ef-
fects were obtained directly from the physician’s record. Patient ob-
servations and visit summaries were recorded and stored by the
physician using ChartPad Software.

3. Results
3.1. Progression of chest X ray findings

54 days prior to therapeutic intervention, chest X ray (CXR)
demonstrate patchy infiltrate in the right lower lobe and a clear left
lung. There were no pleural effusions. (Fig. 1A, Table 1). These findings
worsened 37 days prior to treatment with moderate bilateral patchy
infiltrates overall slightly less consolidated. No pleural abnormality or
pneumothorax were found. (Fig. 1B, Table 1). At baseline, the day of
first Zofin treatment, CXR demonstrated bilateral pneumonia (Fig. 1C,
Table 1). On day 4, a decrease in small consolidations in both lungs was
reported. As well, there were no new pulmonary abnormalities, pneu-
mothorax, or pleural effusion (Table 1). On Day 8, CXR reports indicated
there was no change and minimal thickening of the interstitium.
(Fig. 1D, Table 1). On day 14, the CXR showed subtle interstitial
markings resolved and now appeared normal (Table 1). On day 21, the
CXR report detailed that the patient’s lungs were well-inflated and clear
(Table 1). On day 28, CXR reports lungs were well-inflated and clear
with no acute cardiopulmonary disease or abnormality (Fig. 1E,
Table 1). On day 60, CXR was not ordered, and the patient was not
limited by activity and returned to work. Day 4, Day 14, and Day 21 CXR
images not shown.

3.2. Oxygen saturation results

Oxygen saturation measured at baseline was low at 95% pre-
treatment. On day 4, oxygen saturation increased to 97-98%. Oxygen
saturation remained normal on day 8 in the 97-98% range and
continued to be measured at normal levels through day 60.

3.3. Laboratory and Biomarker Testing

Blood labs and biomarker testing was completed at each study time
point to monitor any abnormalities or changes in systemic inflamma-
tion. The majority of lab results were normal at baseline and remained
within the normal reference range throughout the time course (Table 2).
Platelets were elevated at baseline and returned into the normal range
by day 8. Monocyte count was elevated at baseline and remined elevated
throughout the time course. Inflammatory biomarkers (TNF-a, IL-6, D-
Dimer, and CRP) were not elevated in this patient.

3.4. Patient’s perspective

Following infusion of the first dose and up until the second dose (day
4), the patient reported feeling much better. During his physical therapy
sessions, his exercise tolerance improved, and he was able to go up two
flights of stairs without stopping. Improvements were also noted in his
ability to lie flat to sleep and his overall sense of well-being. On day 4,
the second infusion date, the patient’s greatest limitation was still
shortness of breath with some dyspnea with exertion. When following
up with the patient, he reported no general malaise but fatigued
following activities of daily living. At this point, the patient was wide
awake and much more vibrant compared to being depressed and with-
drawn prior to study initiation. Following his second dose, the patient
began taking the necessary steps to return to work by taking basic life
support training. Meanwhile, the patient was experiencing decreased air
hungriness and was able to sleep flat without difficulty. Most of all, the
patient was able to exercise to fatigue, at which time, he did not desa-
turate. On day 8, the patient reported feeling 75% back to normal prior
to receiving the third Zofin infusion. By the day 14 visit, the patient
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Fig. 1. Representative Chest X Ray Images: A) CXR 54 days prior to treatment B) CXR 37 days prior to treatment C) CXR on the day of treatment D) CXR 8 days post

treatment E) CXR 28 days post treatment.

Table 1
CXR reports.

Time Point Report Findings

54 Days Patchy infiltrate in the right lower lobe, the left lung is clear. There
Prior are no pleural effusions.

37 Days Moderate bilateral patchy infiltrates overall slightly less consolidated.
Prior No pleural abnormality or pneumothorax unchanged.

Baseline Bilateral pneumonia

Day 4 Small consolidations present in both lungs had decreased. As well,

there were no new pulmonary abnormalities, pneumothorax, or
pleural effusion
Day 8 No change and minimal thickening of the interstitium

Day 21 The patient’s lungs were clear. At the time there was no infiltrate,
atelectasis, or pleural effusion
Day 28 Well-inflated and clear. No pneumothorax or pleural effusion was

present and heart size was normal

reported big improvements since the third infusion with improvements
in the ability to sleep and a general return to normal life activities. On
day 18, noticeable changes in the ability to exercise without fatigue and
a lack of desaturation was notable. By day 21, the patient reported
feeling as if they made a full recovery that continued to improve by day
60 in which the patient was strong, upbeat and happy. At this point, the
patient was unlimited in activity and at work.

4. Discussion

This completed case study is the first demonstration of human am-
niotic fluid-derived extracellular vesicles and soluble factors as a safe
therapeutic for the recovery from long hauler complications induced by
COVID-19 infection. The intravenous and multi-dose administration of
Zofin was found to be safe and well tolerated without the report of any
serious adverse events.

The long hauler patient describe in this case report had become
infected with COVID-19 2 months prior to treatment and suffered from
continued respiratory distress. At baseline, bilateral pneumonia with
shortness of breath were the primary inhibitory factors that lead to the
long hauler diagnosis. There was no elevation in blood laboratory results
or inflammatory biomarkers that could be linked to the persistent
symptoms. The patient began to experience improvements in shortness
of breath complications early in the treatment protocol and continued to
improve throughout. By the conclusion of the study period, the patient
had returned to normal with no observation of impairments or respira-
tory distress.

Novel biologic medicines such as stem cell and extracellular vesicles
have been studied prior to the COVID-19 pandemic as therapeutic agents
of tissue repair. Extracellular vesicles, in particular, have proven to
become a front runner for commercial development. As acellular, cell-
derived secretions, extracellular vesicles carry both protein and nucle-
otides, such as microRNA, that have demonstrated promising thera-
peutic candidates due to the anti-inflammatory and tissue regenerative
effects shown across various pre-clinical models [7-9]. Based on
pre-clinical data of exosome treatments in the lung, it is hypothesized
that the respiratory effects of extracellular vesicles is particularly useful
in mitigating symptoms associated with respiratory distress, and to
promote the induction of endogenous tissue repair through repair of
alveolar tissue and inflammatory immune cell modulation [10,11].

The molecular composition of Zofin, particularly the nanoparticle
population that includes perinatal-secreted extracellular vesicles and
exosomes, has strong potential as a COVID-19 therapeutic and may have
been a contributing factor to this patient’s recovery [12]. However, this
single patient case report study is limited due to the lack of an experi-
mental control group that would be required to determine biologic ef-
ficacy. Furthermore, the treatment of patients in an outpatient setting
makes it difficult to collect a wide range of clinical data points. Despite
the experimental limitations, analysis of the CXR reports, oxygen satu-
ration, and self-reported effects demonstrated a potential efficacy of the
administered treatment. To date, the patient’s health is restored to
normal without any reported respiratory distress, shortness of breath,
and post-COVID complications.

5. Conclusions

In conclusion, our positive experience with this long hauler patient
further warrants larger scale testing to further determine the safety and
therapeutic effects of Zofin in this patient population and demonstrates a
potential therapeutic treatment option for the growing number of
COVID-19 long hauler patients.

Author Contributions

M.M., G.S. AK. X.X Conceptualization, project administration. A.M,
G.H. data curation, validation. M.B., A.M, M.M, A.A, AK, X.X. wri-
ting—review and editing methodology, formal analysis. All authors
have read and agreed to the published version of the manuscript.



M.I. Mitrani et al.

Respiratory Medicine Case Reports 34 (2021) 101502

Table 2

Laboratory results.
Lab Ref. Range Day 0 Day Day Day Day Day Day

4 8 14 21 28 60

WBC 3.4-10.6 K/mm3 7.46 7.9 7.46 7.53 8.64 10.12 6.63
RBC 3.8-5.4 M/mm3 4.6 4.8 4.7 4.8 4.7 4.6 4.8
Hemoglobin 12.9-16.1 g/dL 14.6 15.1 14.8 15.2 14.8 15 15.3
Hematocrit 38.0-47.0% 43.9 44.8 43.5 43.6 43 42.7 44
MCV 80-100 F1 94.6 94.1 92 90.6 91.7 92 91.3
MCH 27.0-33.0 pg 31.5 317 31.3 31.6 31.6 32.3 31.7
MCHC 32-37.5 g/dL 33.3 33.7 34 34.9 34.4 35.1 34.8
RDW 11.5-15.8% 14.1 13.80 13.6 13.4 13.7 13.3 12.2
Platelets 150-450 K/mm3 498 503 401 332 301 349 349
Neutrophils 36-75.2% 46.5 56.60 52.3 57.7 54.9 59.6 52.8
Lymphocytes 20.5-51.1% 38.7 30.90 33 31.2 29.2 23.8 34.7
Monocytes 1-9.3% 10.9 9.90 11.5 8.6 11.8 9.7 10
Eosinophils 0.9-6.0% 2 1.40 1.9 1.3 2.9 5.6 1.4
Basophils 0.3-1.5% 1.1 1.00 0.9 0.9 1 1 0.9
Sodium 136-145 mmol/L 142 141 142 139 138 140 139
Potassium 3.3-5.1 mmol/L 4 4.3 4.1 4.1 4.3 4.2 4.1
Chloride 98-107 mmol/L 105 107 108 106 106 107 106
CO, 21-32 mmol/L 29 25 25 25 24 27 23
Glucose 74-106 mg/dL 82 96 104 97 101 79 102
Urea Nitrogen 9-23 mg/dL 10 12 12 12 16 16 13
Creatinine 0.70-1.30 mg/dL 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Calcium 8.7-10.4 mg/dL 10.3 10.1 9.8 10 10 9.9 9.9
Total Protein 5.7-8.2 g/dL 6.7 6.5 6.6 6.8 6.7 6.5 6.7
Albumin 3.2-4.8 g/dL 4.4 4.3 4.2 4.3 4.3 4.2 4.3
Total Bilirubin 0.3-1.2 mg/dL 0.4 0.4 0.4 0.4 0.4 0.4 0.5
Alkaline Phosphatase 46-116 U/L 89 88 82 84 83 78 81
Aspartate Aminot. (AST) <34 U/L 21 21 9 18 19 22 23
Alanine Aminotrans (ALT) 1049 U/L 35 28 22 22 19 17 31
eGFR AF AMER >60 mL/min/1.73m? >60 >60 >60 >60 >60 >60 >60
eGFR NON-AF AMER >60 mL/min/1.73m? >60 >60 >60 >60 >60 >60 >60
Anion Gap 5.0-15.0 mEq/L 8 9 9 8 8 6 10
TNF-o 0.56-1.40 pg/mL 0.83 0.86 0.81 0.74 0.69 0.66 0.56
Interleukin-6 <2 pg/mL 1.4 <2 <2 <2 <2 <2 <2
d-Dimer <0.5 pg/mL FEU <0.27 0.36 N/A 0.37 0.3 <0.27 0.28
C-Reactive Protein <1.0 mg/dL <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4

*Bold text indicates out of normal range value.
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