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Abstract

Homocysteine (Hcy) is a natural, non-essential amino acid formed by the de-methylation
of methionine. Pathologic elevations occur in many chronic conditions, particularly the
cardiovascular conditions common with aging, and in SARS-Cov2. The most common
coexisting  morbidities,  hypertension,  cardiovascular  disease,  and  diabetes  are  all
strongly  associated  with  elevated  levels  of  Homocysteine.  Homocysteine’s  effects
include potential mechanisms for triggering severe Covid-19 disease, or preventing its
control.   For instance, SARS-CoV2 enters cells through its spike proteins that attach to
the Angiotensin Converting Enzyme 2 (ACE2) cellular receptors to form a tunnel through
which the virus enters the cell 1. Homocysteine, in attaching to the enzyme, may inhibit
its  attachment  to  the  receptors  and  allow  more  virus  to  enter  the  cells.  High
homocysteine levels increase inflammatory cytokines that are over-produced in cytokine
release syndrome or  “cytokine storm”,  increase endothelial  dysfunction,  inhibit  nitric
oxide synthesis, and lead to thrombus formation. All of these pathologies are hallmarks
of severe SARS-Cov2.  

History of SARS-Cov2

Covid-19 disease of the SARS-CoV-2 coronavirus, is believed to have begun in Wuhan,
China in November or December of 2019, and was first documented in the United States
in  late  January,  2020.  Since  then  millions  of  people  have  contracted  the  disease
worldwide,  and  hundreds  of  thousands  have  died.  A  large  fraction  of  both  the
worldwide cases and deaths were in the United States, where only a few percent of the
world’s  population reside.  The presentation of SARS-CoV-2 viral  disease is unusually
variable, from asymptomatic or mild cases in 30-80%, to fatal in about 1%. About one
half of those who require hospitalization will require intensive care and less than half of
those who need ventilation will survive. 2 Severely ill patients are at first hypoxic, though
some are comfortable at first, but may rapidly develop respiratory distress from cytokine
release  syndrome.  This  excess  inflammatory  response  causes  the  lungs  to  show  a
“groundglass” appearance on X-ray, prevents oxygen uptake by the pulmonary alveoli. 3

SARS-CoV-2 virus does not affect all  patients in the same way. If this disease is ever
understood  to  the  extent  that  it  can  be  effectively  prevented  and  treated,   the
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expectation  that  this  virus  damages  patients  in  largely  the  same  way  should  be
abandoned.   Different pre-existing morbidities, metabolic anomalies both genetic and
exogenous,  tissue and blood type,  body weight4, age and ethnicity  may require that
certain characteristics of each patient be determined and evaluated before treatment
can be instituted.    

Patients who develop severe Covid-19 disease  and require hospitalization tend to be
older than 45 years if male, and 55 years if female; and diagnosed with one or more of
several  underlying conditions,  or  atypical  traits,  that  were not  apparent  before  they
become ill.   Hypertension, coronary vascular disease, diabetes mellitus, and obesity are
reported repeatedly as key risk factors for severe disease.   The CDC found that in 94% of
fatal cases all of these co-morbidities  were strongly correlated with a severe course of
COVID-195.   While mild disease is flu-like, with a temporary anosmia or ageusia (loss of
smell  or taste),  severe cases almost all  have pneumonia leading to acute respiratory
distress,  and hyperglycemia  is  seen even in  non-diabetic  patients6.    Clinicians have
reported injury and even rupture of the heart,  liver, or kidneys,  and stroke in young
patients.    Infants and young children, who typically have normal levels of homocysteine
(Hcy),  almost always suffer  only mild symptoms though some deaths have occurred
even in that age group.7

Homocysteine in SARS-Cov2

Homocysteine (Hcy) is a natural, non-essential amino acid formed by the de-methylation
of methionine.    Pathologic elevations occur in folate deficiency, such as  that caused by
the MTHFR 677 C>T polymorphisms and in many chronic conditions,  particularly the
cardiovascular conditions common with aging, and in SARS-Cov2.   What seems to have
been overlooked in SARS-Cov2 is that the most frequently co-existing morbidities have
more in common than being markers for the highest risk of severity and death: they are
all  strongly  associated with elevated levels  of  Hcy or  hyperhomocysteinemia [HHcy].
Could homocysteine itself be the determining factor in the course of this disease?

Homocysteine’s functions provide compelling support for that role as its effects include
potential mechanisms for triggering severe Covid-19 disease, or preventing its control.
For instance,  SARS-CoV2 entry into cells is through its spike proteins that attach to the
Angiotensin Converting Enzyme 2 (ACE2) cellular receptors to form a tunnel through
which the virus enters the cell8.  Hcy attaches to the same ACE2 enzyme and is known to
attach to various ion-channel cellular receptors and enter cells9,10,11,12,13,14,15,16,17.  Jehi, L,
et al, recently published an exhaustive study of risk factors and found that melatonin
reduced  the  risk  of  contracting  Covid-19;  it upregulates  ACE2  expression,  such  that
increased occupancy of ACE2 receptors competes with SARS-CoV2 viral attachment to
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the receptors and blocks entry.18    Hcy,  in attaching to the enzyme, may inhibit  its
attachment to the receptors and allow more virus to enter.   

Endothelial  dysfunction  is  a  known  consequence  of  high  levels  of  Hcy,  and
thromboembolism is a known consequence of endothelial dysfunction19.  Homocysteine
triggers  the  production  of  the  inflammatory  cytokines  that  are  over-produced  in
cytokine release syndrome or “cytokine storm”.  It  inhibits the function of nitric oxide
synthase that can lower the levels of nitric oxide to a pathologic extent20 and  lead to
thrombus formation. 

In vitro study of Hcy on cytokine production by neutrophils showed stimulation at 24-
hours of a strength range of 1-5 mmol/L of the production of TNF-α, IL-1b, IL-6 and IL-8
by monocyte derived macrophages, but not for the production of IL-6 by monocytes21.
Another  in  vitro  study  showed  that  DL-Hcy  at  the  pathophysiologic  dose  of  25
microg/mL  (185  microM)  induced  mRNA  and  protein  expressions  of  inflammatory
cytokines  tumor  necrosis  factor-alpha,  IL-1beta,  interleukin-6,  interleukin-8,  and
interleukin-12.22  Hcy increases the expression of monocyte chemoattractant protein by
human  monocytes23 in  monocyte-derived  macrophage  infiltration,  and   initiates  the
release of cytokines IL-6 and IL-8 in severe COVID-19.   Gomez-Rial, J, et al.  investigated
two soluble markers of monocyte activation, sCD14 and sCD163, in fifty-nine SARS-Cov-2
positive  hospitalized  patients,  to  characterize their  role  in  monocyte-macrophage
disease immunopathology.  These biomarkers were elevated in Covid-19 patients with
no differences  between ICU and non-ICU patients24, 

Higher  levels  of  these  biomarkers  and  the  corresponding  rise  in  IL-6  and  other
inflammatory  chemicals  underline  the  strong link  between monocyte  activation  and
immune-mediated disease.   The authors,  and Dr. Liji  Thomas in a responsive essay,
concluded,  “Our results support the hypothesis of a preponderant role for monocytes in
SARS-CoV-2 immunopathology, associated with an over-exuberant immune response.”25 
Monocytes may become activated in all patients but over-activated only in those with
severe disease, and Hcy is known to cause MCP -1 elevation.   Outside of the Covid-19
setting,  MCP levels were 1.7 times higher in ARDS patients than in patients without
ARDS and 3 times higher in patients who required ventilators  than in those who did
not.26

Hcy  elevations  can  be  reduced  with  folate  or  folic  acid treatment,  with  or  without
cobalamin.  Hcy appears to be one of several markers for risk of severe Covid-19 disease
and its provoking of cytokine release, thrombosis,27  and MCP release28  should indicate
early  and  aggressive treatment.    Reducing the levels  of  Hcy early  in the course  of
disease  could controls its severity and prevent death in a large subset of at risk patients.
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Folic acid supplementation lowers the levels of MCP-1 in hyperhomocysteinemic rats29,
and in obese humans,30 and those with congestive heart failure,31 but not in patients
with coronary artery disease treated predominantly with statins.32  The well-established
effectiveness  of  folic  acid,  folate  supplements  or  their  derivatives,  with  or  without
cobalamin or derivatives, in reducing Hcy levels, is not mirrored by a similar effect on
the levels of MCP-1 or the signs or symptoms of every associated condition.   MCP-1
levels in various clinical conditions is the subject of sixty-seven (67) published studies
from 2004 on.33   Chung et al found that dietary folate intake was a primary influencing
factor on plasma levels of monocyte chemoattractant protein-1 (p<0.005, R(2) = 0.20)
and interleukin-8 (p<0.001, R(2) = 0.32) through a stepwise multiple linear regression
analysis.34

In a study beginning in April, 2020 and published in May, 2020, 17 hospitalized COVID-19
patients aged 50 years and above, were given a combination of micronutrients (DMB),
administered oral vitamin D3 1000 IU, magnesium 150 mg OD and vitamin B12 500 mcg
OD,  and 26 patients received placebo for  up to 14 days.  Significantly  fewer patients
receiving DMB required subsequent oxygen therapy compared to controls (3/17 [18%] vs
16/26 [62%],  P=0.006).  All  patients  who  needed  supplemental  oxygen  therapy  in
the control group also required further ICU support.   On analysis, DMB therapy was a
significant protective factor against  clinical  deterioration  of Covid-19 patients.    The
groups differed however, in age and co-existing morbidities, but the authors excluded
from a subgroup of  patients  with diabetes  and over  60,  13  total,  to  adjust  for  and
eliminate the differences and fewer DMB patients (25%) required oxygen or intensive
care than controls (58%).35 

CONCLUSIONS

The factual data in support of a causative role for homocysteine (Hcy) is substantial and
credible:

1) the pre-existing morbidities of hypertension, coronary artery disease, diabetes, and
obesity are linked both to risk of Covid-19 severity and elevated Hcy;

2) Hcy binds to the ACE2 enzyme that enters the alveolar cells along with the SARs-CoV-2
virus and is the likely point of entry for Hcy.

3)  Hcy induces  the  production  of  cytokines  IL6,  IL8,  and  monocyte  chemoattractant
protein (MCP-1) by neutrophils and vascular endothelial cells

4) levels of Hcy are reduced by folic acid or folate, and cobalamin, and levels of MCP are
similarly reduced in some conditions;
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5) treatment with cobalamin, vitamin D3, and magnesium for only days after admission
reduced the requirement for oxygen therapy from 62% of patients to 18% (P< .05), and
are beneficial in patients with respiratory insufficiency;

6) one-third of Covid-19 deaths may be due to pulmonary thromboembolism that can be
triggered by monocyte activity and cytokine release.

The association between HHcy and cytokine release syndrome and thrombosis could be
proven by performing the inexpensive laboratory test for Hcy on a group of hospitalized
Covid-19 patients and age and sex matched controls chosen from patients admitted for
other reasons or the hospital staff.  Elevated Homocysteine levels can be corrected by
the  administration  of  folate,  preferably  as  l-5-methyltetrahydrofolate  and
methylcobalamin or cyanocobalamin by oral or intravenous administration.  

Recent reports from researchers in distant nations about the globe echo the question
raised by these authors.  Ponti,  et al,  a consortium from Italy,  Germany,  and Turkey,
noted a  pattern of  hematologic,  biochemical,  inflammatory,  and  immune biomarker
abnormalities  in  severe  disease  compared  to  mild  systemic  disease.  36  Singh  et  al
reported  that  the  SARS-CoV-2  takes  advantage  of  the  aggravated  compensatory
activation of ACE-2 enzyme, which is otherwise intended for multi-organ protection, to
enter into host cells to proliferate. 37  In a Maturitas Editorial, Shakoor recommended
treatment with the entire vitamin B complex for the possible connection between B12
deficiency, homocysteine, and severe Covid-19.38  

Most  recently,  Wiltshire,  et  al,  of  New  Zealand,  recommended  treatment  of  the
pulmonary  hypertension  seen  in  SARS-Cov2  with  high  dose  folic  acid  orally,  or
intravenously, if oral administration is unavailable. Nitric oxide is reduced because nitric
oxide synthase (eNOS) is impaired in the vascular endothelium and endothelial function
in  the  coronary  circulation  improves  within  hours  of  oral  folate  administration  and
within minutes of intravenous 5-methyltetrahydrofolate. 39 

Ibrahimagic, et al, responded to the papers of both Ponti et al and Wiltshire et al with
strong agreement that SARS-Cov2 patients should be treated with Vitamins B9 (folate)
and B12(cobalamin).40, ,41 Treatments that can reduce homocysteine levels are generally
safe  and  mild  and  could  abate  the  Covid-19  cytokine  release  that  destroys multiple
organ systems in persons with a wide variety of co-existing conditions.
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