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Abstract

To test our hypothesis that abnormal levels of endogenous carbon monoxide (CO) produced naturally by heme
oxygenase-1 (HO-1) in response to infections of all kinds may be contributing to the morbidity and mortality
associated with COVID-19, we searched PubMed for peer-reviewed literature on carbon monoxide and each of
eleven abnormal blood tests, fourteen signs and symptoms, and five fatal complications of COVID-19 infection
reported in a case series from a hospital in Wuhan, China: acute respiratory distress syndrome (ARDS), acute
kidney injury, acute cardiac injury, arrhythmia, and shock. We found reports of acute exogenous CO poisoning
causing all the same signs, symptoms and complications, and all the abnormal blood tests except D-dimer and
procalcitonin. Our search also found endogenous HO-1 and CO levels correlated with these complications,
independent of any inhaled CO exposure. In sharp contrast to the CO poisoning literature, most studies of
endogenous CO interpret its close positive correlation with these acute conditions as protective, with some going
so far as to recommend treating ARDS with inhaled CO. We conclude with new recommendations for testing
endogenous CO poisoning in COVID-19 cases using devices approved by the US Food and Drug Administration that
can distinguish CO coming from the lungs, arteries, veins, and average of all tissues, unlike current protocols for CO
poisoning that only measure CO in arteries or veins but not both. Based on these findings, we appeal to clinicians
to start testing CO levels in COVID-19 patients and to stop monitoring oxygen saturation with conventional pulse
oximeters that overestimate oxygen saturation by the sum of carboxyhemoglobin and methemoglobin. We
conclude by reviewing FDA-approved treatments that may help COVID-19 patients with endogenous CO poisoning.
These include zinc-based drugs that lower the rate of endogenous CO production by inhibiting HO-1, and drug-free
devices and methods that reduce the total body burden of CO after exogenous CO poisoning.
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Introduction

All types of infections studied to date, both bacterial and viral, including coronaviruses, trigger an increase in the
activity of the heme oxygenase-1 (HO-1) enzyme that catabolizes heme proteins which are not fully oxygenated
into equal parts of carbon monoxide (CO), molecular iron, and biliverdin, the precursor of bilirubin [Yachie 2003i].
Many researchers have shown this natural response to infections is beneficial in many ways [Hill-Batorski 2013]
[Bunse 2015], including against such diverse viruses as HIV, Hepatitis C, and Ebola [Singh 2018].

We hypothesize that, as with fever, rising levels of endogenous CO may go too far and quickly turn deadly if they
overwhelm the normally modest ability of key organs to absorb, metabolize, and excrete CO without failing. While
there are no reports to date of abnormal CO levels in COVID-19 patients, we believe this is only because health
care providers have not yet had a high enough “index of suspicion” to test for this possibility.

We fear health professionals and their patients are being misled by conventional pulse oximeters that hospitals
and other health care facilities around the world use to monitor oxygen levels. As the operating manuals of these
devices warn and many studies warn, conventional pulse oximeters cannot distinguish between hemoglobin bound
with CO or oxygen (02) [Pretto 2014]. What they display as SpO2 or O2Sat is actually the sum of the fraction of
oxygen bound to hemoglobin as measured by blood gas analyzers plus both carboxyhemoglobin (COHb) and
methemoglobin. The latest warning published in March 2020 comes from a study of over 1100 simultaneous Sa02
and Sp0O2 measurements done on patients receiving extra-corporeal membrane oxygen (ECMO) treatment. The
authors found “Sp02 often overestimates Sa02 by substantial margins” and concluded “clinicians should be wary
of the reliability of continuous pulse oximetry to assess oxygenation”[Nasar 2020].

This is not a problem when monitoring non-smokers who have normal COHb under one percent. But this can be a
fatal oversight when CO levels in blood and tissues are either high and only falling slowly, as occurs in people with
recent exogenous CO exposure and abstinent smokers, or high and still rising, which occurs when the primary
source(s) are endogenous and upregulated by a disease process or other stressor.

Given that higher than normal levels of endogenous CO have been reported in all kinds of infections as well as in
fevers, acute respiratory distress syndrome, cardiac arrhythmia, renal failure, and sepsis (Table 3), it seems
reasonable to hypothesize that COVID-19 patients are being continuously exposed to high levels of CO and all the
more if they develop one or more of these complications. Our hypothesis can be readily tested by simply checking
CO levels in COVID-19 cases using any of several FDA-approved devices and methods already widely sold to
medical professionals and the public for consumer use. Many are non-invasive and give results in real time, with
little or no sampling cost.

Specifically, we hypothesize that:

1. COVIDS-19 cases and casualties have more CO in their arteries and veins than uninfected healthy people; and

2. the severity of COVID-19 cases correlates positively with the magnitude of the arterial-venous CO difference and
the total body burden of CO in the average of all tissues.

We further hypothesize that COVID-19 cases with higher than normal CO will benefit from treatments documented
to benefit cases of:

3. prior exogenous CO poisoning, when this exposure has stopped and the total CO body burden is falling; and

4. current endogenous CO poisoning, when high exposure is continuing from upregulated heme oxygenase-1.

Lastly and, by the same logic, we hypothesize that treatments documented to have high rates of bad outcomes for
cases of acute exogenous CO poisoning, such as mechanical ventilation [Simonsen 2018], will be similarly harmful for
COVID-19 cases. From this toxicologist’s perspective, the ventilator crisis is not that hospitals may run out of them, but
that ventilators may be making COVID-19 patients worse.

Counter-intuitively, we believe the problem is not too much CO in the lungs of COVID-19 patients, but too little.
Studies show CO in the lungs is protective against infections within a limited range, but that both low and high COHb
are associated with decreased survival. We suspect mechanical ventilation and hyperoxygenation treatments are
keeping free CO levels in the lungs of COVID-19 patients artificially low, while raising the level in blood and other
organs where free CO is more harmful. Critically, studies show arterial COHb rises with each additional day patients
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are on mechanical ventilators and the level correlates with mortality [Chawla 2019]. In addition, the partial pressure
of their arterial oxygen keeps falling as their arterial free CO and COHb keep rising [Ascha 2018].

Methods

To assess the extent of overlap between the abnormal lab tests, signs, symptoms and complications of COVID-19
with those of carbon monoxide poisoning, we selected for comparison an early report on 138 hospitalized COVID-
19 cases from Wuhan, China, published in JAMA Network [Wang 2020]. We then searched the US National Library
of Medicine via www.PubMed.gov for literature on “carbon monoxide” and each of the signs, symptoms and
complications reported there, as well as for each blood test whose average result among the patients treated in
intensive care was significantly higher (or in the case of lymphocyte count, smaller) than the other COVID-19
patients.

For each outcome for which some overlap with exogenous CO poisoning was found, we selected a representative
study from the peer-reviewed literature. We then searched PubMed to find information on options for testing and
treating carbon monoxide poisoning, and again selected a representative reference for each. In cases where more
than one matching study was available, we selected the study with the largest number of subjects.

Results

We found nine of the eleven blood test abnormalities seen in COVID-19 ICU cases in the literature on exogenous
CO poisoning (Table 1), missing only the tests for D-dimer and procalcitonin. We also found all fourteen COVID-19
signs and symptoms (Table 2), and all five potentially fatal complications (Table 3) in CO literature.

Table 1. Abnormal Blood Tests in COVID-19 cases also reported in cases of exogenous CO poisoning

Abnormal Blood Tests examples of reports in cases of
Exogenous CO Poisoning

1.1 Alanine aminotransferase Shen 2015

1.2 Bilirubin Cervellin 2015

1.3 BUN Shen 2015

1.4 Creatinine kinase-MB Shen 2015

1.5 D-dimer none found in CO literature via PubMed
1.6 Hypersensitive Troponin | Shen 2015

1.7 Lactate dehydrogenase Penney 1976

1.8 Lymphocyte count Moon 2019

1.9 Neutrophils Moon 2019

1.10 Procalcitonin none found in CO literature via PubMed
1.11 WBC, total Shen 2015

Table 2. Abnormal signs and symptoms in COVID-19 also reported in cases of exogenous CO poisoning

Signs and Symptoms (% among 36 Wuhan  examples of reports in cases of

cases in ICUs) Exogenous CO Poisoning
2.1 Abdominal Pain (8.3) Mortelmans 2015
2.2 Anorexia (66.7) Katz 1958
2.3 Diarrhea (16.7) Foster 1999 (a pediatric case)
2.4 Dizziness (22.2) Creswell 2015, also in Mortelmans 2015
2.5 Dry Cough (58.3) Creswell 2015, also in Foster 1999, Kahan 2007
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2.6 Dyspnea (63.9) Creswell 2015, also in Foster 1999, Kahan 2007

2.7 Expectoration (hemoptysis)  (22.2) Kahan 2007

2.8 Fatigue (80.6) Mortelmans 2015

2.9 Fever (100.0) Ku 2015

2.10 Headache (8.3) Creswell 2015, also in Foster 1999, Mortelmans 2015
2.11 Myalgia (chest pain) (33.3) Creswell 2015, also in Kahan 2007

2.12 Nausea (11.1) Creswell 2015, also in Mortelmans 2015

2.13 Pharyngalgia (33.3) Creswell 2015

2.14 Vomiting (8.3) Creswell 2015, also in Mortelmans 2015

Table 3. Complications of COVID-19 correlated with both exogenous and endogenous CO exposure
Complications (% among examples correlated with  examples correlated with
36 Wuhan Exogenous CO Poisoning Endogenous CO from HO-1
cases in ICUs) and seen as harmful and seen as protective
3.1 Acute Cardiac Injury  (19.6) Gao 2019 Ayer 2016
3.2 ARDS (61.1) Gao 2019 Sheu 2009
3.3 Arrhythmia (16.7) Al-Moamary 2000 Rosa 2012
3.4 Acute Kidney Injury (7.2) Ku 2015 Csongradi 2012
3.5 Shock (8.7) Ku 2015 Larsen 2010

In sharp contrast to the reports of exogenous CO poisoning causing these complications, we found many more
linking the complications with rising levels of endogenous HO-1 and CO, which the authors of these studies
interpret as protective.

Discussion

The previously unreported overlap of COVID-19 and CO poisoning outcomes that we document here is
extraordinary, unlikely due to chance, and obviously not due to an epidemic outbreak of exogenous CO poisoning.
It extends even to complications not reported in this case series from Wuhan but by others later, such as
pneumonia [Zhang 2020]. This is reported as both an outcome of acute exogenous CO poisoning [Al-Moamary
2000] and as disease whose severity is modulated by endogenous CO even in the absence of any exogenous

exposure [Gahlot 2017].

There is clearly sufficient evidence for the CO hypothesis to warrant testing CO levels in people with various stages
of COVID-19. If their CO levels are in abnormal disequilibrium compared to healthy controls and higher in patients
on mechanical ventilation, this will have critical implications for the testing and treatment of COVID-19 going
forward.

Clinicians will need to stop relying on conventional pulse oximeters to monitor oxygen saturation, and start testing
people with infectious disease for endogenous CO poisoning using methods that can distinguish the levels in lungs,
arteries, veins and the average of all tissues [Donnay 2016a]. Options for testing and treating endogenous CO
poisoning are discussed below.

a. Options for testing endogenous CO poisoning

Several kinds of FDA-approved CO measuring devices are available to test for exogenous poisoning that can
be adapted to test for endogenous poisoning. Some are sold only to medical laboratories and health care
professionals and others to the public—primarily people trying to quit smoking (Table 4). All of them can be
used with our breath-holding method to distinguish levels of CO in more than just the one compartment
that each is designed to measure (Donnay 2019a].
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Table 4. Types of CO measuring devices approved by the US FDA

CO Measuring Device Limit of Detection Brands Sold in USA

4.1 Blood Gas Analyzers 0.1% COHb too many to list
with CO oximetry capability
owned by clinical laboratories and minority of hospitals in USA

4.2 Breath CO Analyzers 0.1 or 1ppm CO Carrot Pivot, COvita iCO, MedSpiro MicroCO
owned by minority of hospitals, first responders, and people in smoking cessation programs
(Note any CO monitor that displays accurately from 1ppm and fits in a plastic bag can measure exhaled CO)

4.4 Pulse CO Oximeters 0.1% SpCO® (1) Masimo Rad 57°®
used by majority of fire departments in USA

4.4 Continuous Pulse CO Oximeters 0.1% SpCO® (1) Masimo Radical 7® with rainbow® SET sensor
used by majority of hospitals in USA, but typically only during surgeries with general anesthesia

Table 4, footnote 1. SpCO® stands for saturation percent CO which is an arterial measure. The pulse oximeters
that measure this transcutaneously are the only devices that can display the level of COHb separately from
oxygenated hemoglobin, instead of including it with methemoglobin in an overestimate of oxygen saturation as
conventional pulse oximeters display. Masimo announced on 23 March 2020 that it was offering financial
incentives to its customers during the COVID-19 pandemic to encourage more use of the rainbow® SET sensor’s
ability to measure hemoglobin and nitric oxide, but CO was not mentioned [Masimo 2020].

Breath CO analyzers offer the greatest flexibility in this regard. They are typically designed to measure only
the level of CO diffusing from veins after 20 seconds of breath-holding, but simply by repeating the
procedure with different breath-holding times, it is possible to distinguish the levels of free diffusing from
the lungs after 0 seconds, from arteries after 5, and the average of all tissues beyond the lungs after 35
[Donnay 2019b].

With pulse CO oximeters, the first measures are reversed, so the arterial SpCO™ is displayed at 0 seconds
while the level of CO in the lower lung follows after 5 seconds. In either case, if the display remains constant
through all 35s, it shows the levels of free CO in all these compartments are in relatively healthy
equilibrium.

When using a blood gas analyzer, the breath holding is done when the blood samples are drawn, so that one
venous puncture can collect two tubes of blood: the original venipuncture is left in place for 20 seconds
before a second tube is collected. The first gives the venous CO level and the second reflects the level of CO
diffusing from the average of all tissues.

One shortcoming of blood and breath CO analyzers is that, unless repeated over time or monitored
continuously, they cannot distinguish whether a high CO level in blood, breath or skin is the result of some
prior exposure(s) that are now gradually being excreted, or the result of ongoing endogenous exposures,
which may be rising or falling. But tests for bilirubin (BR) IX alpha in serum and indirect BR can, because
these increase in step only with endogenous CO. Conveniently, BR levels correlate well with both arterial
COHb and exhaled CO levels among critically ill patients [Morimatsu 2006].

While all hospitals in the US can draw blood for CO testing in their emergency departments (EDs), a regional survey
of acute care hospitals in the Pacific Northwest found more than half cannot analyze them in-house and have to
send them out for analysis [Hampson 2006]. This step adds one to three days which is too slow for acute care
settings. Few US hospitals are yet using non-invasive breath CO analyzers or standalone pulse CO oximeters that
give results in less than a minute, although most are already using continuous transcutaneous pulse CO oximeters
in their operating rooms, where they are connected to the patient monitor during surgery. They are intended to
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alert anesthesiologists if the CO that accumulates in closed-loop ventilation systems during long surgeries
approaches dangerous levels so they can flush the circuit.

We urge hospitals with these continuous pulse CO oximeters to start using them to test CO levels in all their
COVID-19 patients. Since hospitals do not have enough for every patient, they may need to use them as roving
spot check devices.

Hospitals without any non-invasive means to check CO will have to make do with arterial and venous blood tests
for carboxyhemoglobin (COHb). They are needlessly invasive, painful, inaccurate, hard to replicate and slow. But
they are nevertheless better than nothing provided that venous and arterial samples are taken in quick succession
from the same area so the magnitude and direction of the gap between them can be determined.

One advantage of arterio-venous blood testing is that it does not require breath-holding to determine the size and
direction of the COHb gap, which indicates whether someone is net absorbing CO (from air and/or lungs), net
excreting it, or in healthy equilibrium.

Outside hospitals, most first responders already own pulse CO oximeters and/or breath CO analyzers that they
could use to measure CO in the COVID-19 cases they are being called on to transport. It would be preferable if they
could do this before they put COVID-19 patients on supplemental oxygen, as this will start to shift CO from their
arterial hemoglobin to arterial plasma and from there into organs beyond the lungs.

The only type of CO detectors sold to the public for breath analysis are meant to be used as part of smoking
cessation programs to give smokers more incentive to quit. But they can be used by non-smokers, as well, of
course, and by anyone who wants to monitor their exhaled CO levels. Current models connect to
smartphone-based applications and allow users to both track their results over time and share them with
others.

If initial testing finds any abnormally high (or low) level of CO in lungs, arteries, veins or the average of all tissues,
at least one more of these compartments should be tested before making treatment decisions to determine the
magnitude and direction of any unhealthy disequilibrium. These variables can make a large difference in the odds
of surviving acute CO poisoning, as shown in post-mortem COHb levels published by the Office of the Maryland
Medical Examiner [Levine 2002]. These show that CO fatalities experience a very large arterio-venous (a-v) COHb
difference before they die compared to healthy controls, whose (a-v) gap is less than 2% absolute. Among CO
victims who died while the level of CO in their tissues was still rising, their (a-v)COHb gaps were 8% to 27%. But
among those died while the level of CO in their tissues was falling, when venous CO was greater than arterial, the
largest even briefly survivable gaps were only half as large, from -4% to +7%.

We propose this clear distinction could be used to identify COVID-19 victims whose deaths were CO-related versus
not. The same asymmetry is seen in less severely exposed survivors of exogenous CO poisoning. One study
frequently cited in defense of the claim that the a-v COHb difference is not statistically significant in cases of acute
CO poisoning overlooked the clinical significance of a-v gaps it reported in the range +7% to -3% [Touger 1995].

b. Options for treating endogenous CO poisoning

For treating exogenous CO poisoning, most current protocols focus on only two options: either 100% oxygen or
hyperbaric oxygen, assisted as needed by mechanical ventilation [O’Malley 2018]. Unfortunately, both methods
raise the risk of delayed neurological sequelae compared to other options because they so effectively displace CO
from arterial hemoglobin into plasma and from there into tissues [Donnay 2017]. Once beyond blood, free CO may
bind to and disable any of many vital heme proteins, including myoglobins, neuroglobins, cytoglobins, and
cytochromes, all of which is much more disruptive of normal physiology than simply leaving CO reversibly bound to
Hb in blood where it is much less harmful, at least below 50% [Goldbaum 1976]

That the CO-related signs, symptoms and complications are more severe in mechanically ventilated and
hyperoxygenated COVID-19 patients suggests these treatments may be driving free CO from the lungs via blood
into other organs. Counter-intuitively but consistent with the literature that finds increasing levels of endogenous
CO are therapeutic for the same complications, we hypothesize that treatments focused on lowering the total
body burden of CO will have better outcomes if they leave some in the lungs rather than flushing CO to zero. This
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is supported by studies showing that both non-surgical ICU patients have a U-shaped survival curve: both low and
high COHb are significantly correlated with lower survival [Fazekas 2012],[Melley 2005]

For options, we point clinicians to over forty other treatments for CO poisoning for which successful trials in
humans or other animals have been published [Donnay 2017]. Given that liver and kidney function are typically
impaired in survivors of CO poisoning, we believe it is safer to treat CO poisoning with methods that can reduce
the total CO body burden without drugs and so not increase metabolic demands on CO-impaired liver and kidneys
(Table 5).

Table 5. Drug-free treatments for exogenous CO poisoning
5.1 ECMO = Extra-Corporeal Membrane Oxygenation (FDA approved unless noted)

a. ECMO is designed to diffuse oxygen into blood while allowing carbon dioxide to diffuse out, but it also releases
free CO, even as COHb increases an average of 0.006% per hour while on ECMO [Nissar 2020].

b. eliminates need for paralysis, intubation, and mechanical ventilation

c. although patients with higher COHb (>3%) need longer ECMO—mean 244 versus 98 hours [Nissar 2020]—
both venoarterial [Teerapuncharoen 2015] and venoveno [McCunn 2000] ECMO have rescued CO poisoning
survivors after unsuccessful mechanical ventilation progressed to multi-organ failure and refractory hypoxemia
suggesting ECMO should be tried first for CO cases.

d. porcine study shows ECMO greatly outperforms mechanical ventilation for treatment of
cardiogenic shock from acute CO poisoning: 0 of 6 deaths versus 5 of 6 [Simonsen 2018]

e. similar EC systems exist for carbon dioxide release (ECCO2R) and carbon monoxide release (ECCORS),
but the latter is designed to add CO to blood for therapeutic purposes, not extract it [Wollborn 2018]

5.2 ECCOR-P = Extra-Corporeal Carbon Monoxide Removal with Phototherapy (not FDA approved)
a. combines ECMO-like passive diffusion membrane for CO, CO2 and oxygen with red light
b. COHb clearance is 2x rate in healthy lungs and 3x in injured lungs versus inhaling 100% 02 [Zazzeron 2019]

5.3 Therapeutic Phlebotomy (FDA approved but not for CO poisoning)

a. only CO treatment that removes both free and heme-bound CO from blood [Gordon-Watson 1925]
b. also practiced in acupuncture [Yue 2015]

c. reduces high iron and high bilirubin

d. improves pulmonary gas exchange [Cruz 1979]

5.4 Isocapnic and Hypercapnic Ventilation Devices [Takeuchi 2000]

a. simplest devices mix rebreathed carbon dioxide with fresh air, as occurs inside snorkels [Toklu 2003]
and partial rebreather masks [Donnay 2016b]

b. more complex mix carbon dioxide from tank with oxygen line [Fisher 2011], as occurs inside Clearmate™ device
from Thornhill Medical that the US FDA approved in 2019 to treat CO poisoning in Emergency Departments

c. Note Thornhill Medical is not promoting the Clearmate™ for treatment of COVID-19 cases but is instead
selling its “circle-circuit” ventilator for this purpose even though the circuit has no CO sensor, alarm or scrubber.

5.5 Red Light Therapy at wavelengths of 630 to 660nm (FDA approved but not for CO poisoning)

a. releases CO from heme proteins

b. works invasively inside lungs [Zazzeron 2017] or externally, with light against skin

c. other applications included relieving muscle pain, cramps, rashes, cough, headaches, and sore throats

5.6 Sunbathing in natural or artificial light (the latter is FDA approved for treatment of hyperbilirubinemia)
a. hastens excretion of free CO through skin; enhanced by ingesting riboflavin [Vreman 2009]
b. increases vitamin D synthesis and, via UVc radiation, kills viruses on skin and other surfaces
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Mechanical ventilation combined with high flow or hyperbaric oxygen are not recommended because they are not
effective for survivors of CO poisoning. In a series of 81 cases reported from Taiwan, 50.6% suffered bad outcomes,
including 11% who died [Kao 2009]. These rates are in the same range as those reported for COVID-19 patients on

ventilators.

Before treating anyone with high CO in their lungs, arteries, veins or tissues, it is important to know where it is
coming from. In people with COVID-19, a high level could be the result of some prior exogenous CO poisoning, but
CO levels in such cases are relatively stable day to day or decline slowly as the CO absorbed into tissues in the past
gradually diffuses back out into venous blood, which leaves a small negative gap in arterio-venous CO levels.

In sharp contrast, if an individual’s CO level is rising day to day, it is much more likely part of their body’s natural
response to an infection or other disease process and thus more likely to be beneficial than not, like a fever. As
such, we recommend that the rising endogenous CO be managed the same way, and that clinicians not flush CO
from the lungs with hyperoxygenation but instead allow some modest and tolerable rise in CO within therapeutic
ranges [Fredenburgh 2018].

Only if someone has CO levels and CO symptoms that keep increasing beyond tolerable levels would we urge
taking aggressive steps, before complications arise, to either reduce the total body burden of CO (Table 5) and/or
their rate of new CO production. The latter can be achieved with a variety of zinc compounds that downregulate
HO-1 (Table 6).

Table 6. Treatments for endogenous CO poisoning that inhibit HO-1

6.1 Zinc compounds [Read 2019]
these doses reduced severity and duration of the common cold, a coronavirus
6.1.a Zinc Acetate, 9 or 13 mg, every 2 to 3 hours when awake from start to end of iliness
6.1.b Zinc Gluconate/Glycine, 13 or 24mg, with same instructions

6.2 Metalloporphryins [Podalicka 2018]
all are competitive inhibitors; last 2 are water soluble; none FDA approved except for research
6.2.a Chromium, Tin and Zinc Deuteroporphyrins
6.2.b Chromium, Tin and Zinc Mesoporphyrins
6.2.c Chromium, Tin and Zinc Protoporphyrins
6.2.d Polyethylene Glycol Zinc Protoporphyrin
6.2.e Styrene Maleic Acid Zinc Protoporphyrin

6.3 Imidazole-based compounds [Podalicka 2018]
all are non-competitive inhibitors and water-soluble; none FDA approved except for research
6.3.a QC-1, aka Azalanstat
6.3.b QC-13
6.3.cQC-30

Most significantly, two such compounds have already been shown in human trials to safely and significantly reduce
both the severity and duration of symptoms caused by another coronavirus, the common cold. They are
distributed in USA with the FDA’s approval as zinc acetate (brand name Galzin, which is available only by
prescription from Teva Pharmaceuticals), or without FDA approval as zinc gluconate, which is sold as an over the
counter supplement under many brand names. Both come in capsules up to 50 mg with instructions to start taking
them every two to three hours as soon as you notice the onset of flu-like symptoms, which would require about 70
capsules per week.

We recommend trials of zinc supplements that we predict will be effective in limiting the severity and duration of
COVID-19 morbidity. But we also warn people not to take zinc supplements before developing CO symptoms
(unless needed for some other medical reason). This is because if the zinc acts as intended and depresses the


https://www.ncbi.nlm.nih.gov/pubmed/19393326
https://www.ncbi.nlm.nih.gov/pubmed/30518685
https://www.ncbi.nlm.nih.gov/pubmed/31305906
https://www.ncbi.nlm.nih.gov/pubmed/29628790
https://www.ncbi.nlm.nih.gov/pubmed/29628790

protective effects of HO-1 activity, studies of people and animals with genetic polymorphisms in HO-1 activity
show they are more likely to both contract and succumb to systemic infections [Gahlot 2017],[Saukkonnen 2012].

Conclusions

We have shown that 14 signs and symptoms and 5 frequently fatal complications of COVID-19 infection reported
in a representative series of hospitalized cases from Wuhan, China, are all also reported in the peer-reviewed
literature on CO poisoning. All the complications are each also independently associated with increases in
endogenous CO. These findings are consistent with the hypotheses that endogenous carbon monoxide is causing
the signs, symptoms and complications of COVID-19 but they do not prove it, which will require appropriate
testing of cases and controls. Fortunately, FDA-approved devices for non-invasive spot and continuous testing of
CO levels in real time are already widely distributed among hospitals and fire departments.

We conclude that people with COVID-19 who have labs, signs, symptoms, and complications consistent with
endogenous CO poisoning should be tested for this possibility with any device that can measure CO reproducibly in
lungs, blood and tissues.

We also urge clinicians worldwide to stop relying on conventional pulse oximeters to monitor oxygen saturation
since the display is always overestimated by unknown fractions of COHb and MetHb.

For people with abnormally high levels of CO in their lungs, blood, and/or tissues, we recommend treatments that
either quickly lower the total body burden of CO without drugs, or which quickly reduce the rate of endogenous
CO production, while boosting ventilation if needed with carbon dioxide mixtures. This should exclude mechanical
ventilation, high-flow hyperoxygenation, and hyperbaric because all increase the level of CO in tissues.

Our approach will not cure COVID-19 infections but we predict it will reduce morbidity and mortality and eliminate
the need for mechanical ventilators.
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