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REVIEW ARTICLE

A review of methanol poisoning: a crisis beyond ocular toxicology
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USA; dCollege of Public Health, University of South Florida, Tampa, FL, USA

ABSTRACT
At first blush, methanol poisoning may be seen as an arcane problem generally associated with rapid
ocular neuropathy. The emerging clinical reality is that methanol poisoning around the globe has
claimed increasingly large numbers of deaths largely due to the press of poverty and the delay in sus-
pecting and diagnosing methanol toxicity. With the onset of the COVID-19 pandemic, false beliefs
about methanol’s preventive potential vs viral infection of have arisen. In March of this year, more than
300 Iranians died and 1000 became ill after consuming methanol in the hope that it would protect
them against the novel coronavirus. We review the context and magnitude of methanol toxicity, patho-
physiology, principal medical issues, and human variability in metabolism. While toxicologists and clini-
cians may need to be especially attentive to this problem, it is becoming clear that the social and
economic underpinnings of the methanol poisoning crisis must be actively and urgently explored and
managed as vigorously as its toxicologic and pathophysiologic components.
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Introduction

Since Wood and Buller’s landmark paper in the Journal of the
American Medical Association (JAMA) in 1904, there has been
a steady and perhaps worsening crisis of poisoning inci-
dents1. These investigators observed that, “Methanol is very
cheap in comparison with ethyl alcohol, and the superficial
similarity of the two promotes the employment of methanol
for the adulteration of beverages.” While there is a paucity of
formal epidemiology, it is apparent that since the turn of the
century, methanol poisoning around the globe has claimed
large numbers of deaths largely due to delay in suspecting
and diagnosing methanol toxicity. Any delay in aggressive
management may well lead to the worst outcomes, particu-
larly in resource limited settings at the primary health care
level. In his seminal textbook, Sergej Zacharov, perhaps the
world’s expert on methanol poisoning, has exhaustively
chronicled the history of outbreaks, most notably in Estonia
and Norway in the early 2000s and more recently in the
Czech Republic in 20122.

Recent epidemic of mass poisoning

We studied the extent and magnitude of methanol poisoning
in recent years not only to underscore the wide distribution
of incidents, but to suggest that we may be witnessing mul-
tiple outbreaks that will bloom into epidemic proportions in
the future. This may be especially salient for the African con-
tinent, whose population is likely to grow dramatically in
numbers in the near future. United Nations data suggest that

more than half of global population growth between now
and 2050 is expected to occur in Africa. Africa has the high-
est rate of population growth among all major areas. The
population of sub-Saharan Africa alone is projected to double
by 2050 (https://www.un.org/en/sections/issues-depth/popu-
lation/index.html; accessed April 13, 2020).

In conjunction with Medecins sans Frontieres, Oslo
University recently set up the Methanol Poisoning initiative
(MPi), which is documenting methanol outbreaks in order to
gain some degree of accuracy in evaluating the scale of the
global problem3–5. The potential global health implications of
methanol are indicated in Figure 1.

Incidents they have tracked include one in February 2019,
in India’s Assam state, where at least 150 people suffered
methanol toxicity, most of them tea plantation workers. In
the district of Uttar Pradesh, India, 59 people died after con-
suming alcohol laced with methanol. In a neighbouring dis-
trict, a senior police officer reported nine had died, adding
that 66 suspected bootleggers had been arrested and sam-
ples of the liquor sent to a laboratory for testing. At least 31
people died in Uttarakhand State, India, and two people
were arrested on suspicion of supplying the liquor6. This
report from the Agence France-Presse in Delhi quoted the
International Spirits and Wine Association of India to the
effect that “… of the estimated 5 billion liters of alcohol con-
sumed every year in India, about 40% is illegally
produced…” In 2015, more than 100 people died in a
Mumbai slum after drinking methanol-laced moonshine.

Methanol poisoning has become a considerable problem
in the Middle East. In Iran, the MPi team has documented 84
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deaths at one outbreak in 2018. Investigators have focussed
on liver histopathology in multiple fatal methanol poisoning
cases in the Iranian population. In a 2013 study, 44 cases of
fatal methanol poisoning among Iranians were identified in a
single year4.

The largest event that the MPi recorded was in Libya, in
which at least 1000 individuals were admitted to hospital in
less than a week. In Tripoli, Libya, over 1000 patients were
poisoned with a reported case fatality rate of 10% (101/
1066). In Kenya, two outbreaks resulted in �341 and 126
patients, with case fatality rates of 29% (100/341) and 21%
(26/126), respectively. M�edecins Sans Fronti�eres launched an
emergency team with international experts, medications and
equipment; however, the outbreaks were resolving by the
time of arrival7.

In Libya, alcohol has been illegal to sell or consume since
1969, but there is a black market with smuggled and home-
distilled alcohol. It was noted that the outbreak described by
Rostrup et al was not unique; there were two additional
smaller outbreaks during the previous six months7. As for
Kenya, the problem of illegal brewing and toxic alcohols is
not new. These authors note that Chang’aa is the most com-
mon locally brewed spirit. Sometimes methanol is used as a
way of spiking the drink to give it an extra “kick,” but it is
apparently most often used to dilute liquor for profit.

It is often observed that in impoverished and developing
areas, victims may not recognize when a methanol toxic
event has happened. Importantly, local medical staff rarely
have the resources and knowledge to deal with such a poi-
soning. It has become clear that another challenge in Muslim
countries like Indonesia is that drinking alcohol is forbidden
or frankly illegal, so people will avoid seeking help out of
shame or fear of incrimination.

In July of 2019, Costa Rica’s Ministry of Health confirmed
that in a single incident, 20 persons had died of methanol
poisoning, bringing the number of total victims deceased
and sickened drinking tainted ethanol to 418.

In George Town, the capital of Penang, Malaysia, 6 deaths
in 2 months during 2019 due to methanol poisoning were
reported9. Local authorities concluded that methanol had
been poured into liquor bottles of authentic brands.

Between June 11 and June 14 of 2019, seven construction
workers were admitted to Penang General Hospital after
being suspected of suffering from methanol poisoning.

Impressively, in September of the preceding year (2018), 33
methanol poisoning deaths were reported in Perak, Selangor
and Kuala Lumpur, Malaysia.

In 2014, the World Health Organisation (WHO) was moved
to develop a policy statement on the public health and
methanol situation. It is useful to review this declaration:

The informal and illicit production of alcoholic drinks is practiced
in many parts of the world, including in countries where alcohol
is banned. Some common names for these drinks include hooch/
moonshine (USA), chang’aa/kumi kumi (Kenya), tonto/waragi
(Uganda), tuak/tapai (Malaysia), samogon (Russia), and talla
(Ethiopia). Often such drinks are sold in unlabeled containers in
markets and in illegal drinking venues. Illicitly- or informally
produced alcohol may also be sold in legitimate bars, particularly
in some tourist areas. Consumers may choose these drinks
because of their low cost compared to taxed alcohol. Some
illicitly produced drinks are made to appear legitimate through
bottle design and labelling thereby misleading consumers into
believing they are buying a genuine brand of alcohol. Bottles may
be sold in shops, markets and bars, often at a “bargain” price5.

Background

Methanol (CH3OH) is the smallest member of the family of
aliphatic alcohols. Also known as methyl alcohol or wood
alcohol, it is a clear, colourless, volatile, and flammable liquid.
The word methanol derives from the Greek words for wood
and wine. Although its use in the embalming process likely
dates back to ancient Egypt, pure methanol was not isolated
until 1661 by Robert Boyle through distilling boxwood.

Methanol is also one of the toxic alcohols. The term “toxic
alcohols” is a collective term that includes methanol, ethylene
glycol, and isopropyl alcohol. Ingestion of these compounds
is typically associated with extraordinarily high morbidity and
mortality. The normal serum osmolality of 285–290 mOsm/L
is, of course, due to sodium, potassium, bicarbonate, chloride,
glucose, and urea. Accumulation of low molecular weight
agents such as methanol (the greatest offender) will raise
osmolal gaps at a level often exceeding that seen in ketoaci-
dosis, lactic acidosis, and renal failure in critically ill patients.

Methanol is ubiquitous; it is widely used as a solvent in
many industrial, commercial, and consumer products.
Methanol is most commonly produced on an industrial scale
using natural gas as the principal feedstock. Methanol is used
to produce other chemical derivatives, which in turn are used

Figure 1. Global methanol poisoning.
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to produce products such as foams, resins, plastics, paints,
varnishes, shellacs, windshield washer fluid, adhesives, de-
icers, polyester, and a variety of health and pharmaceutical
products. Increasingly, the environmental and economic
advantages of methanol are making it a desirable alternative
fuel for powering vehicles and ships, cooking food, and heat-
ing homes.

One of the fastest growing markets for methanol is the
production of light olefins. Olefins, ethylene and propylene,
are fundamental components in the plastics industry and
have been typically produced from the steam cracking of
ethane and naphtha. Methanol can alternatively and more
cheaply be used as feedstock for olefins production.

Methanol is also a principal ingredient in formaldehyde
synthesis, produced by the catalytic oxidation and dehydro-
genation of this alcohol. The range of industrial uses of for-
maldehyde is extensive; 1/3 of the global demand for
methanol (at least 10M metric tons/year) is for formaldehyde
production10.

In and of itself, methanol has a relatively low intrinsic tox-
icity; however, it is metabolized to highly toxic compounds,
particularly formaldehyde and formic acid, which can cause
blindness, coma, and metabolic disturbances that are often
life-threatening. Victims frequently only seek medical care
after a significant delay, mainly because there is a latent
period (6–30 h) between ingestion and toxic effects. Late
medical care amplifies the high level of morbidity and mor-
tality seen in many methanol poisoning outbreaks. Outbreaks
of methanol poisoning occur when methanol is added to
illicitly produced alcoholic drinks. Because patients with
methanol poisoning often need intensive medical care, out-
breaks of methanol poisoning can rapidly overwhelm medical
facilities. Outbreaks have occurred in all regions of the globe
in recent years.

Medical issues and pathophysiology

When ingested, methanol is absorbed rapidly via the gastro-
intestinal tract in less than 10min. Methanol is not protein-
bound; it is absorbed directly into the total body water com-
partment with a volume of distribution of �0.7 L/kg. Serum

concentrations peak immediately after absorption and follow
a zero-order elimination rate. Metabolism occurs mainly in
the liver through serial oxidation via alcohol dehydrogenase
and aldehyde dehydrogenase, but begins with alcohol
dehydrogenase present in the gastric mucosa. Alcohol
dehydrogenase (ADH) oxidises methanol to formaldehyde,
and following this step, ADH subsequently oxidises formalde-
hyde to formic acid. Each of these two oxidation steps is
associated with a reduction of NAD to NADH. This enzymatic
metabolism provides a zero-order elimination rate of about 8
to 9mg/dL/h when methanol concentration is between 100
and 200mg/dL.

The resultant formic acid is not readily eliminated and
mostly accumulates, while a small amount in its unproto-
nated form, formate, interacts with folate to create carbon
dioxide and water for exhalation. Unmetabolized methanol is
not sufficiently cleared through the kidneys or the lungs. In
fact, it has an enduring half-life that ranges between 30 and
85 h11–13. A summary of methanol toxicity and established
health consequences are noted in Figure 2.

Methanol intoxication may result from vapour inhalation
and transdermal absorption, but most cases of methanol tox-
icity globally arise from ingestion of adulterated beverages.
In the United States, cases generally occur from ingestion of
windshield wiper fluid14.

In its early stages, methanol toxicity is a great pretender:
mild inebriation belies the severity of the situation, which
evolves as methanol is converted into its toxic metabolites.
Methanol ingestion must be considered in any patient who
presents with altered mental status, unexplained anion gap
metabolic acidosis, osmolal gap, visual disturbance, gastro-
intestinal symptoms, dyspnoea, headache, and less frequently
chest pain. The patient may progress to coma, followed by
circulatory and respiratory arrest. Few conditions besides
methanol, ethylene glycol, or propylene glycol intoxication
produce such a profound metabolic acidosis (bicarbonate
<8mmol/L), and most of these present in a characteristic
fashion with a high serum lactate (status epilepticus, shock,
ischaemic bowel, or diabetic ketoacidosis). In contrast to
ethanol measurements, there are no widely available or easily
performed tests for methanol. Ideally, the diagnosis should

Figure 2. Methanol health consequences.
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be confirmed by determination of methanol in the serum or
urine by gas chromatography15.

The dynamics of methanol exposure and ensuing toxicity
potential as well as clinical presentations followed by appro-
priate medical interventions, based on data from the U.S.
Environmental Protection Agency (EPA), are illustrated in
Figures 3 and 4.

The majority of the organic acid in methanol intoxication
is formate, so the relative lack of lactate may provide a clue
to diagnosis. Formate assays, although relatively simple to
perform, are not widely available because of low demand.

Methanol toxicity can be effectively blocked either with
ethanol (around 100mg/dL in the serum) or preferably with
4-methylpyrazole (Fomepizole), as Fomepizole does not com-
promise the patient’s mental status. As noted previously, the
first metabolic step is the enzymatic conversion by alcohol
dehydrogenase (ADH) to formaldehyde with subsequent con-
version to formate by aldehyde dehydrogenase (ALDH). Both
of these reactions generate acid, deplete nicotinamide aden-
ine dinucleotide (NAD), and shift the cell towards anerobic
respiration, favouring hypoglycaemia and lactic acidosis16. An
overview of methanol metabolism and its interactions with
the specific ADH genes is illustrated in Figure 5.

Fomepizole usage indications

Fomepizole/4-methylpyrazole (Antizol) acts similarly to etha-
nol. It is a stronger competitive inhibitor of alcohol

dehydrogenase (ADH) and, in addition, does not cause hypo-
glycaemia or sedation. Fomepizole is relatively easier to
administer than ethanol, and it does not require monitoring
of serum concentrations. It is tempting to speculate that in
the developing world where fomepizole may not be readily
available, ethanol becomes the agent of choice. However,
due to competition for ADH, the therapeutic ethanol concen-
tration depends on the concentration of the other two alco-
hols, but a therapeutic ethanol concentration around
22mmol/L (100mg/dl) is generally recommended. This in

Figure 3. Methanol exposure and toxic potential.

Figure 4. Methanol poisoning: diagnosis and management.

Figure 5. Gene–methanol metabolism.
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itself is an obstacle since quantitative measurement in a
resource poor setting is unlikely.

Fomepizole or ethanol both serve as ADH inhibitors to
stop the conversion of methanol to its toxic metabolite, for-
mate. When ADH is inhibited, clearance of methanol is pro-
longed from �8.5mg/dL/h to an effective half-life of 45–90 h.
Fomepizole is given intravenously, with a loading dose of
15mg/kg, and then maintenance dosing of 10mg/kg every
12 h for 4 doses or until the methanol concentration is less
than 32mg/dL with a normal acid-base status. If additional
dosing is required beyond four maintenance doses, then dos-
ing increases to 15mg/kg every 12 h due to autoinduction of
increased metabolism. During dialysis, fomepizole should be
dosed every 4 h as it is dialysable17.

Specifically, with regard to formate, its inhibition of mito-
chondrial cytochrome a/a3 results in compromise of oxidative
phosphorylation and mitochondrial viability. Since there is no
effective mechanism for transport of formate out of the eye,
visual impairment ensues. With increasing acidosis, formate is
also retained in the brain with similar metabolic consequen-
ces. Similarly, renal excretion of folate is decreased in acidosis
due to tubular transport competition. Full restoration of pH
balance with bicarbonate infusion is another mainstay of
metabolic recovery. Detoxification of formate to CO2 and
water depend on the body’s folate pool, which is rate limit-
ing. Formate also depletes glutathione (GSH), resulting in fur-
ther oxidative damage. Folinic acid (leucovorin) or folic acid
can be administered to catalyse this final step18.

Time course and initial manifestations

Methanol blood levels peak at 30–90min following ingestion
and often do not correlate to the time to symptom appear-
ance. Initial symptoms generally occur 12–24 h after inges-
tion. The interval between ingestion and the appearance of
symptoms correlates to the volume of methanol ingested
and the amount of ethanol concomitantly ingested; competi-
tive inhibition exists between the two compounds19.

Initially, the symptoms of methanol intoxication are similar
to those of ethanol intoxication, often with disinhibition and
ataxia. Following a latent period, patients may develop head-
ache, nausea, vomiting, or epigastric pain. In later stages of
methanol intoxication, drowsiness may rapidly progress to
obtundation and coma. Seizures may occur, generally as a
complication of the metabolic derangement or as a result of
frank damage to the brain parenchyma. Cases of axonal poly-
neuropathy in association with chronic exposure have been
reported and all investigators seem to suggest that myelopa-
thies are underreported.

In the brain, methanol appears to affect the basal ganglia,
primarily the putamen. Because of the availability of
advanced neuroimaging, both in computed tomography and
magnetic resonance protocols, putaminal necrosis with vary-
ing degrees of haemorrhage tends to be detected much ear-
lier in current practice than it was in the past. However,
initial scans may appear unremarkable and days may elapse
before lesions are visualised20,21.

The role of haemodialysis

Haemodialysis can easily remove methanol and formic acid.
Indications for this procedure include (1) greater than 30ml
of methanol ingested, (2) serum methanol level greater than
20mg/dL, (3) observation of visual complications, and (4) no
improvement in acidosis despite repeated sodium bicarbon-
ate infusions. In any case, and ideally, patients with a toxic
methanol ingestion should be strongly considered for
haemodialysis. Due to its low volume of distribution and lack
of protein-binding, both methanol and the toxic metabolite,
formate, are dialysable. Haemodialysis is often beneficial for
methanol toxicity because it can significantly decrease the
patient’s length of stay. Once alcohol dehydrogenase is inhib-
ited, clearance of methanol is prolonged from �8.5mg/dL/h
to an effective half-life of 45–90 h. However, as noted, the
only absolute indication for haemodialysis in methanol tox-
icity is new visual impairment in the presence of metabolic
acidosis. Relative indications for haemodialysis include metha-
nol concentration greater than 50mg/dL, severe metabolic
acidosis refractory to resuscitation, history of ingestion of a
lethal dose of 1 g/kg, renal failure, and other standard indica-
tions for dialysis.

Methanol and optic neuropathy

Rodent models of toxic optic neuropathy utilizing high doses
of formic acid demonstrate optic disc edema with prelaminar
axonal vacuolization and mitochondrial changes22. These
findings may indicate that the prelaminar region of the optic
nerve head is particularly vulnerable to a decrease in avail-
able energy, which is consistent with studies of the human
optic nerve that show a line of high cytochrome oxidase
activity anterior to the cribriform plate. Other authors have
described edema of oligodendrocytes in the retrolaminar
region with progressive demyelination of the optic nerve13.
Although the optic nerve appears to be the main target of
methanol poisoning, studies in both humans and animals
have demonstrated retinal toxicity as well. Peripapillary ret-
inal edema is commonly observed after acute methanol
intoxication23.

Other experimental rat models of exposure to methanol
have documented early alterations of the electroretinogram
followed by mitochondrial edema and disruption in the
photoreceptor inner segment, retinal pigment epithelium,
and optic nerve on subsequent electron microscopy24.

Visual loss is highly variable, can be partial or complete,
and can develop from hours to several days after methanol
ingestion. The degree of pupillary light reflex impairment
may reflect the severity of the systemic toxicity. Other pertin-
ent acute ophthalmologic observations included hyperaemic
or pallid optic disc edema that is often fairly mild and retinal
edema extending along the arcades. Patients also sometimes
have cystoid macular edema, pseudo-cherry red spot, retinal
haemorrhages, and engorgement of retinal veins. Optic atro-
phy with or without deep excavation of the disc frequently
develops weeks after severe intoxication.

CUTANEOUS AND OCULAR TOXICOLOGY 5



Toxicokinetics and variability in time course and
variable reactions to methanol toxicity

In 2013, the U.S. EPA produced a comprehensive and
encyclopaedic document reviewing virtually every aspect of
the toxicology of methanol25. This report summarizes evi-
dence that methanol can be formed in the mammalian
organism as a metabolic byproduct. Upon review of the
extensive toxicology, the EPA estimates that a diet that
includes fruits and vegetables would not increase methanol
blood levels above 2.5mg/L. Thus, for a population with
background blood levels of methanol at or below 2.5mg/L,
the inhalation reference concentration (RfC) and oral refer-
ence dose (RfD) that are derived in the assessment represent
estimates of daily exposures to human populations that are
likely to exist without an appreciable risk of deleterious
effects during a lifetime.

Importantly, the EPA report discusses the absorption,
excretion, and metabolism of methanol explicated in several
excellent publications26–31. In the most general sense, once
absorbed, methanol pharmacokinetic (PK) data and physiolo-
gically based pharmacokinetic (PBPK) model predictions indi-
cate rapid distribution to all organs and tissues according to
water content, as an aqueous-soluble alcohol. Due to its very
low oil:water partition coefficient, methanol is taken up effi-
ciently by the lung or the intestinal tract and distributes
freely in body water without any tendency to accumulate in
fatty tissues.

The toxic dose of methanol is said to vary depending on
the individual, diet, and on the provision of treatment. Blood
methanol concentrations above 500mg/L are broadly associ-
ated with severe toxicity, and concentrations above
1500–2000mg/L will almost certainly lead to death in
untreated patients. Co-ingestion of ethanol will delay metab-
olism and further delay the onset of toxicity for many hours.
In the first few hours the patient may become drowsy,
unsteady, and disinhibited. Importantly, since poisoning often
occurs in the context of drinking ethyl alcohol, this may not
be noticed.

Since the methanol metabolite formaldehyde has a very
short half-life, it is unlikely to be distributed from the liver to
the brain or eye fast enough to cause CNS or ocular damage.
Nevertheless, EPA reports that methanol is distributed to

multiple organ systems and cites evidence including several
now classic studies detailed in the EPA report that methanol
can be metabolised to formaldehyde in situ by other
organ systems.

EPA further highlights that correlation of symptomatology
with blood levels of methanol has been shown to vary appre-
ciably between individuals. Blood methanol levels in the case
reports involving ingestion ranged from values of 300 to
over 10 000mg/L. The lowest value (200mg/L) reported
involved a case of percutaneous absorption that led to vision
and CNS deficits that persisted after hospital discharge.

Human variability in methanol metabolism

Finally, the 2013 EPA report comments on the ability to
metabolize methanol that may vary among individuals as a
result of genetics, age, dietary, and environmental factors.
Endogenous background levels in humans exist, but are not
remotely the same as exogenous exposure; interestingly, the
combination of endogenous background levels of methanol
plus exogenous methanol exposure can lead to toxicity.
Thus, a particular dietary pattern may contribute to back-
ground levels of methanol, principally from the ordinary
ingestion of fruits and vegetables.

Moreover, four cited reviews discuss genetic polymor-
phisms for ADH that bear directly upon activity of the
enzyme, hence variable consequences in terms of toxicologic
intensity and duration. Class I ADH, the primary ADH in
human liver, is a hetero- or homodimer composed of ran-
domly associated polypeptide units encoded by three separ-
ate gene loci (ADH1A, ADH1B, and ADH1C). Polymorphisms
have been found to occur at the ADH1B (ADH1B�2,
ADH1B�3) and ADH1C (ADH1C�2) gene loci; however, no
human allelic polymorphism has been found in ADH1A. The
ADH1B�2 phenotype is estimated to occur in �15% of
Caucasians of European descent and 85% of Asians (See
Figure 6).

Conclusions

There has been enormous popular, public health, and scien-
tific press recently on the Wuhan virus, a pneumonia-like

Figure 6. Gene–methanol metabolism.
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coronavirus. Both the World Health Organization and the
Centers for Disease Control have characterized the situation
as an international public-health emergency. Recall however,
that the WHO’s response to methanol poisoning was limited
to the release of a paragraph of cautionary text.

While acknowledging the associated morbidity and mor-
tality and the real dangers of spread of any infectious agent,
relative absence of meaningful attention on the methanol
toxicity crisis seems striking. Domestically and internationally,
we are justifiably preoccupied with our lack of preparedness
for the spread of infectious disease. Perhaps the lesson of
methanol is that understanding of the underpinnings of the
crisis along with heightened diagnostic awareness and
regional provision of medical resources should also be a pri-
ority in the triage ladder.

The global burden of non-communicable disease includes
chemical hazards in food and drink. Aggressive efforts at
addressing these hazards and respective risks should encom-
pass not only pesticides, allergens, and unintended products
of industrial processes, but the huge volume of readily
accessible methanol, particularly in the developing world and
particularly in the realm of toxic adulteration of alcoholic
beverages. The social and economic bases of the methanol
poisoning crisis must be explored and managed as vigorously
as its toxicologic and pathophysiologic components.
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