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Recently a lot of  attention has been focused on fast-tracking repurposed drugs for the treatment of  a novel coronavirus; severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent leading to the devastating coronavirus disease-2019 
(Covid-19). One of  the first and most well-known examples is hydroxychloroquine (HCQ), which has been used for years as a 
treatment for malaria, rheumatoid arthritis and lupus. HCQ was rolled out as a miracle treatment for Covid-19, which was inex-
pensive, effective and causing few side-effects. However, its effectiveness in treating Covid-19 has recently been questioned leav-
ing doctors and patients confused and desperate. Here the proposed mechanisms of  action of  HCQ are discussed and compared 
with an inexpensive, safe and effective alternative, which is derived from natural, healthy amniotic fluid.
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INTRODUCTION

The highly pathogenic severe acute respiratory syndrome 
coronavirus (SARS-CoV) is a lethal zoonotic virus that has 

emerged into human populations these past 15-years. These co-
rona viruses are associated with novel respiratory syndromes that 
spread from person-to-person via close contact, resulting in high 
morbidity and mortality caused by the progression to acute respira-
tory distress syndrome (ARDS). Mortality associated with cytokine 
storm (immune dysregulation) resulting in multiorgan failure is ris-
ing at an alarming rate in the US. This is in part due to the relatively 
high R0 (contagion ratio) and devastating hypoxia, particularly in 
the aged population. Hydroxychloroquine (HCQ) an antimalarial 
drug, can be used in the regulation of  the immune system, e.g. it 
has previously been used in the treatment of  autoimmune diseases. 
The immunosuppressive effects of  HCQ have also been beneficial 
to patients with severe inflammatory complications from several 
viral diseases1 and for this reason HCQ has received a lot of  atten-
tion during this current SARS-CoV-2 pandemic.

 It is abundantly clear that immune modulation is required 
to counteract the cytokine storm and tissue injury observed in se-
vere and fatal SARS-CoV-2 cases. HCQ certainly has demonstra-
ble anti-inflammatory effects in multiple viral infections, including 
SARS-CoV-1, however, immune suppression is not desirable in the 
case of  severe SARS-CoV-2 patients. Rather, immune modulation, 
which the virus actively subverts, is critical for acute recovery and 
avoidance of  long-term pathology due to pulmonary scarring. To 
this end we propose the use of  extracellular vesicles (EVs) derived 
from full-term, healthy amniotic fluid (AF). This fluid is collected 
by AABB-accredited and Food and Drug Administration (FDA)-
approved cord blood banks with maternal consent and follow-
ing extensive infectious disease testing, which is standard for all 
transplantable human tissue, including blood donations. Amniotic 
EVs, which we call “CytoSomes”, have been used clinically with 
demonstrable effects on immune modulation, infection and tissue 
repair. Indications ranging from autoimmune disease to neurode-
generative disease have been treated with CytoSomes. While the 
clinical application of  this product is relatively new, research into 
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the biological effects of  amniotic fluid and amniotic fluid stem cell-
derived EVs has been ongoing for decades.2-8 Relevant to SARS-
CoV-2 infection, these EVs are documented to deliver potent an-
timicrobial effects, are highly immunomodulatory and stimulate 
tissue growth and repair. These foci are critical in the treatment of  
severe hypoxia and organ failure due to SARS-Cov-2 infection.

HYDROXYCHLOROQUINE VERSUS AMNIOTIC EVs FOR THE 
TREATMENT OF SARS-CoV-2

Diseases in humans are typically characterized by a polarization of  
a pro-inflammatory environment orchestrated by Type 1 T-cells 
and classically activated macrophages (M1) and a wound healing, 
anti-inflammatory environment driven by alternatively activated 
macrophages (M2).9 M1 macrophagesarepro-inflammatory and 
polarize in response to viral infection, however over stimulation 
results in tissue injury. M1 macrophages produce nitricoxide (NO) 
or reactive oxygen intermediates (ROI) to protect against bacteria 
and viruses, which is mediated by interleukin-1 (IL-1) and tumor 
necrosis factor-alpha (TNFα), primarily.10 Although IL-1 signaling 
plays pivotal roles in immunity, sterile inflammation and metabo-
lism, excessive overproduction or dysregulation of  IL-1 is highly 
detrimental and contributes to auto-inflammatory diseases, auto-
immune encephalomyelitis, cytokine storm and tissue damage, in-
cluding pulmonary injury such as SARS asseen with SARS-CoV. 
IL-1 production is therefore extensively regulated and the margin 
between clinical benefit and undesirable pathogenic effects for 
IL-1 is exceedingly narrow. A balance is required between the po-
larization of  M1 macrophages and M2 macrophages, which are 
anti-inflammatory and contribute to wound healing.

 Inflammation is the physiological response to a variety 
of  injuries, which leads to a complex immune response. In the 
case of  viral infections this is characterized by immune cell recruit-
ment and release of  molecular mediators acting towards pathogen 
elimination, which is mediated by M1 macrophages. This is then 
followed by an exquisitely orchestrated process directed towards 
repairing damaged tissue and restoring homeostasis, mediated by 
a switch from M1 to M2 macrophages. HCQ has received much 
attention recently as a potential treatment for SARS-CoV-2. 

 Hydroxychloroquine is generally well tolerated and ex-
hibits an anti-inflammatory profile because it down-regulates the 
effects of  M1 macrophages. The main factory for generating viral 
particles is within human bronchial epithelial cells, alveolar epitheli-
al cells and the endosomes of  human alveolar macrophages, which 
are the primary targets of  SARS-CoV-2 in humans.11,12 Generally, it 
is accepted that directly after virus recognition, macrophages en-
docytose the invading pathogens, polarize to the M1 phenotype 
and present viral peptides via the major histocompatibility complex 
(MHC) to T-lymphocytes that will then produce IFN-γ and other 
molecules to recruit effect or immune cells and induce an inflam-
matory response capable of  controlling viral replication.12 Unfor-
tunately, this pro-inflammatory state provides the stimuli to drive 
infected macrophages from the periphery deep into tissues, which 
promotes viral dissemination during the early infection stage. Such 
a feed-back loop results in extensive viral replication, tissue injury 

and an inhibition of  M2-mediated tissue repair. In weaker patients, 
this cycle ultimately results in severe pulmonary njury and death. 
One of  the main mechanisms of  action of  HCQ, other than the 
increasing the pH inside macrophage endosomes, which alters the 
processing of  peptide antigens,13 and its role as an ionophore for 
zinc uptake into infected cells, is to kill off  the M1 macrophages 
that are contributing to inflammation and viral replication.10 HCQ 
is highly cytotoxic to macrophages. However, by simply eliminat-
ing M1 macrophages, as a means to suppress inflammation and 
viral replication, neglects the requirement to repair tissue injury 
sustained by viral proliferation. The consequences of  this can be 
varied, but will likely include acute fatalities due to inadequate al-
veolar repair and pathological pulmonary scarring, which will have 
negative long-term clinical outcomes.

 While HCQ has demonstrated positive results for some 
patients, a growing number of  patients are not responding to stan-
dard or escalating doses of  HCQ. While the data is not yet avail-
able, and likely not being collected, it is highly probable that HCQ 
is in effective for the large-scale treatment of  SARS-CoV-2, due to 
macrophage cytotoxicity and subsequent suboptimal M2-mediated 
pulmonary tissue repair. Macrophage polarization is connected to 
the course of  resolving inflammation, where tissues are typically 
repaired after infection, however, they also play a role in “non-re-
solving inflammation”, where a pathogen can prolong inflammation. 
Such polarization might occur at any time during the inflammatory 
process, and M1/M2 macrophages have different functions that 
are required to destroy pathogens or repair the inflammation and 
maintain homeostasis. Elimination of  these mediators is akin to 
knocking the building down to put out the fire. A more thoughtful 
approach would be to eliminate the polarization of  M1 macro-
phages and promote the polarization of  M2 macrophages. A strat-
egy that combines viral replication inhibitors, such as vitamin C 
and the peptide Thymosin alpha-1 (NK activator), elimination of  
M1-mediated pro-inflammatory cytokine storm and promotion of  
M2 pulmonary tissue would likely have positive acute outcomes 
on survival and long-term effects on pulmonary fibrosis (particu-
larly for those who have been ventilated). Supplementation with 
the antioxidant L-NAC/glutathione (cardiac and pulmonary nerve 
support) and pro-reparative peptides such as body protein com-
pound-157 (BPC-157) may complement such treatments.

WHY AMNIOTIC FLUID-DERIVED EXTRACELLULAR
VESICLES?

News reports from the initial wave of  Covid-19 described a termi-
nal patient in an intensive care unit (ICU) in Italy was treated with 
a combination approach that included the use of  “stem cells”. The 
patient subsequently improved and was discharged from hospital. 
This treatment resulted in a lot of  discussion regarding the use 
of  stem cells to treat SARS-CoV-2 patients. It is agreed among 
scientists that stem cell therapy, or more accurately cytotherapy, 
does not result in tissue regeneration by direct differentiation of  
the cells, but rather repair is mediated by the cells through the lib-
eration of  EVs, which are how the cells communicate to injured 
tissue. In nature, these extracellular signaling vesicles accumulate in 
body fluids such as blood, breast milk, urine and amniotic fluid. In 
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experiments where amniotic fluid “stem cells” are used to promote 
tissue repair, the effects are driven by the EVs that they produce, 
which instruct the tissue how to repair and provide the building 
blocks with which to do so. We have developed proprietary meth-
ods of  isolating EVs from amniotic fluid (cytosomes), which are 
derived from amniotic stem cells, regenerative epithelial cells and 
monocytes, among others. These EVs are potent mediators of  tis-
sue repair and immune modulation. 

 For over a decade, scientists at Harvard University have 
been studying a process called hetero chronic parabiosis (“het-
ero”–different, “chronic”–age, “para”– together, “biosis”–living) 
in mice. In their experiments they connected the blood supply of  
an old mouse together with that of  a young mouse. Over time 
scientists recorded changes in both individuals. The young mouse 
started demonstrating signs of  accelerated aging, while the old 
mouse showed signs of  improved tissue repair, immune modula-
tion and anti-aging. It was later discovered that it was not necessary 
to connect the blood supply to observe this phenomenon. By sim-
ply harvesting the blood plasma from a young mouse and admin-
istering it, intravenous, to an old mouse, the old mouse began to 
exhibit the same anti-aging effects and improved tissue regenera-
tion. 

 We have known for some time that young individuals 
have enhanced tissue regenerative and immune modulation capac-
ity compared to aged individuals,15 and it is likely that this has a di-
rect contribution to why SARS-CoV-2 is devastating for the elderly, 
while relatively benign in the young. The young are able to rapidly 
repair injury to the lungs caused by the virus and robustly control 
the inflammation that leads to cytokine storm. Interestingly, a fetus 
in utero has a 100% capacity to repair tissue if  injured experimen-
tally. This regenerative capacity declines precipitously following 
birth and continues to drop as we age (Figure 1).15-17 Indeed, these 
are the mechanism by which all species age and eventually die. 

 A natural example of  heterochronic parabiosis exists, 
which we call pregnancy. During pregnancy a young individual 
shares the blood supply with an older individual, the mother. The 
signals that are exchanged between mother a child are packaged 
into extracellular vesicles and these EVs accumulate in the amniot-
ic fluid (AF). The fetus drinks the amniotic fluid during pregnancy 
and it has been demonstrated that the EVs within AF are criti-
cal for gut development. If  there is insufficient AF present during 
pregnancy fetal gastrointestinal development is severely compro-
mised.18,19 Indeed, fetal exposure to AF is critical for robust wound 
healing20 and as AF enters the fetal lungs it is essential for lung 
development and function.21-25 Moreover, the effects of  EVs gen-
erated during pregnancy are not limited to the fetus, but also have 
positive effects on the mother. The stresses and rigors of  preg-
nancy would be fatal without physiological changes to the mother. 
During the final trimester the mother experiences a cardiac output 
equivalent to that of  an Olympic athlete. Cardiac output triples and 
the lungs must respond to the increased demand for oxygen.26,27 
Communication between the fetus and the mother is mediated by 
amniotic EVs, which results in the effects seen in experimental 
heterochonic parabiosis. In the case of  natural heterochonic para-
biosis maternal cardiac and pulmonary output increases, the mate-
rial immune system is modulated, as to not reject the fetus, and 
even some cancers are inhibited.28 Cardiac and pulmonary support 
and immune modulation are critical for aging patients who are af-
flicted with SARS-CoV-2. Their innate tissue regenerative capacity 
and ability to modulate a cytokine storm, as seen with this virus, 
is severely compromised. Amniotic fluid EVs have been studied 
in recent years for their potent capacity to confer regenerative 
potential and immune modulation to recipient patients.2-8,29,30 We 
therefore propose that IV infusion of  amniotic fluid EVs (Cyto-
somes) isolated from healthy, full-term pregnancies may help ter-
minal SARS-CoV-2 patients modulate the inflammation and tissue 
damage, which would otherwise result in organ failure and death. 
Furthermore, in a cruel twist for patients recovered with hydroxy-

Figure 1. Stem Cell Fitness Decreases Precipitously After Birth. The Most Potent Regenerative Material in the Body is Present During 
Fetal Development and Accumulates in the Amniotic Fluid

Adapted from Caplan AI.31
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chloroquine, the lack of  M2 macrophages and subsequent reduc-
tion in tissue repair will likely result in substantial pulmonary fibro-
sis, which will have ongoing, long-term health issues. Injection of  
amniotic fluid stem cells, which work through the release of  EVs, 
has been demonstrated to delay the progression of  renal fibrosis. 
Treated animals exhibited decreased recruitment and activation of  
M1-type macrophages and a higher proportion of  M2-type mac-
rophages, which promote tissue regeneration.29 A functional M2 
pro-regenerative program is critical for SARS-CoV-2 patients to 
prevent long-term scarring and chronic illness.

CONCLUSION

SARS-CoV-2 is a devastating viral infection that results in hypoxia, 
organ failure and death primarily in older patients. Hydroxychloro-
quine has emerged as a leading contender in the pursuit of  treat-
ments for severe and terminal cases. This antimalarial drug works 
by affecting the macrophages, which are among the cells targeted 
by this corona virus. The key to the function of  this drug is that it 
1) reduces macrophage presentation of  viral particles, which can 
reduce the amplitude of  an immune response, 2) acts as an iono-
phore to drive zinc into infected cells, and 3) kills the macrophages 
which proliferate in response to viral infection and are hijacked 
by the virus in order to replicate. The issue is that for an effective 
recovery M1, pro-inflammatory, macrophages need to polarize to 
M2, regenerative, macrophages to facilitate repair to the damaged 
lung tissue. Unfortunately, elimination of  macrophages will not 
be effective for all patients as bronchial epithelial cells and alveo-
lar epithelial cells are also hijacked for viral replication and other 
antigen presenting cells can promote inflammation. Moreover, 
suppression of  M2 polarization can have substantial negative out-
comes for pulmonary fibrosis (scarring) following recovery from 
this disease and the injury induced by ventilation. As an alternative, 
we have documented evidence of  the effects of  amniotic fluid ex-
tracellular vesicles (cytosomes) on inflammation and tissue repair 
in adult recipients. SARS-CoV-2 primarily affects older patients. 
Older patients are severely compromised in their innate ability to 
repair tissue and modulate inflammation. By transplanting EVs 
from very young sources (amniotic fluid) into adult SARS-CoV-2 
patients, we believe we can supplement the lack of  tissue repair 
and facilitate recovery by a natural process, which does not result 
in immune suppression, but rather favors immune modulation and 
pulmonary regeneration.
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