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Methods: This cross-sectional study was conducted on patients diagnosed with methanol
poisoning in Imam Reza and Hasheminezhad hospitals who were hospitalized from the
beginning of March 2019 to the end of April 2020. Clinical and paraclinical data were extracted
from patients’ files and subsequently categorized into three groups: deceased patients, living
patients without complications, and living patients with complications.

Results: Out of 107 patients included in the study, 20(18.69%) died, 50(46.7%) were
discharged without complications, and 37(34.6%) with complications. The most frequent
clinical symptoms in the patients were blurred vision (62.6%), lethargy (62.6%), nausea
(43%), vomiting (41.1%), abdominal pain (15.9%), dizziness (11.2%), and dyspnea (6.5%).
According to the multivariate logistic regression analysis, reduced pH (OR=0.007, P=0.009)
and blurred vision symptoms (OR=5.096, P=0.007) significantly predicted complications.
Based on univariate logistic regression, hypoxemia (OR=35.90, P=0.002), coma (OR=22.34,
P<0.001), high creatinine (OR=62.39, P<0.001), and low pH (OR=0.001, P<0.001) had the
greatest impact in predicting mortality.

Keywords: Conclusion: This study shows the clinical and paraclinical characteristics of methanol
Poisoning, Methanol, i poisoning during the COVID-19 pandemic, identifying critical predictors of complications
COVID-19, Iran i and mortality, including low pH, blurred vision, hypoxemia, coma, and high creatinine levels.
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Introduction

ethanol is a colorless liquid with a

distinct smell; its poisoning eventually

leads to death by causing acidosis and

damage to the vital organs of the body

[1]. Most cases of methanol poisoning
have been caused by the unintentional oral consumption
of this alcohol [2]. So far, there have been reports of
epidemics caused by the consumption of this alcohol,
which was mainly in people who were exposed to this
poisoning after consuming ethanol [1]. An outbreak of
methanol poisoning has been reported in Iran and other
countries in previous years. For example, 694 cases
of methanol poisoning were recorded, among which
8 deaths occurred in Rafsanjan City, Iran, in 2013 [3].
Methanol poisoning epidemics have been reported in
several countries. In the Czech Republic, 121 cases
and 20 deaths were recorded in 2012. In Malaysia, 31
cases were reported in September 2018, resulting in a
mortality rate of approximately 61%. Additionally,
Norway experienced 51 cases of methanol poisoning
between 2002 and 2004, with 9 fatalities [4-6].

On March 2020, the World Health Organization (WHO)
declared the coronavirus infection (COVID-19), which
started as a pandemic in Wuhan, China. Iran, along with
China, had a significant increase in the infection rate
with COVID-19 [7, §]. In Iran, the COVID-19 pandemic
increased the use of alcohol-based disinfectants, which
sparked a misconception that drinking alcohol could
prevent the disease, resulting in cases of methanol
poisoning as people turned to unlicensed, high-methanol
alcohol [9]. The most cases of hospitalization due to
methanol poisoning in Iran have been reported in the
three provinces of Tehran, Khuzestan, and Fars [3]. In
March 2018, 647 cases of methanol poisoning were
reported in Khuzestan Province, Iran, of which 59 deaths
were reported (mortality rate 9.12%). At the same time,
in Fars Province, 383 cases of methanol poisoning were
reported, of which 61 deaths were recorded (15.93%
mortality) [9]. Although the symptoms and signs of
methanol poisoning have been investigated in previous
studies [10-17], methanol poisoning has remained a
significant concern that requires special attention. In the
City of Mashhad, Iran, hospitals have seen an increase in
patients with symptoms caused by methanol poisoning.
To better understand this issue, this study aimed to
investigate the frequency of clinical and paraclinical
findings of patients with methanol poisoning in Imam
Reza and Hasheminejad hospitals.
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Materials and Methods

In this cross-sectional study, all hospitalized patients
diagnosed with methanol poisoning who were
hospitalized in Imam Reza and Hasheminezhad hospitals
in Mashhad from the beginning of March 2019 to the
end of April 2020 were investigated.

The patients’ information in this study was kept
confidential, and no one except the researcher had
access to it. After the approval of the research assistant of
Mashhad University of Medical Sciences and receiving
the code of ethics, the patients’ information was collected
through their files. The inclusion criteria were patients
diagnosed with methanol poisoning based on history
and clinical and paraclinical findings (serum methanol
level greater than 3 mg/dL at admission). The exclusion
criteria were patients with a history or paraclinical
findings of multiple drug poisoning, patients with
simultaneous head trauma, and patients discharged with
personal consent (due to the uncertainty of the outcome
at discharge and lack of consent to continue treatment).

Then, the necessary information was extracted based
on a pre-designed checklist, which included the follow-
ing parts:

a) Demographic information, including age, gender,
time of use until the onset of symptoms, time of use until
the time of going to the hospital, underlying disease, his-
tory of smoking, history of alcohol use, history of opi-
oid, stimulant, and hallucinogen use;

b) Symptoms and clinical examinations, including vital
signs, abdominal pain, nausea, vomiting, blurred vision,
flashes, storm and snow scenes, hand motion, complete
blindness, lethargy, coma, headache, dizziness, agita-
tion, convulsions and dyspnea, pupil condition, pupil
response to light;

c) Laboratory findings, including white blood cells,
hemoglobin, platelets, blood methanol level, blood urea,
blood creatinine, blood sodium, blood potassium, blood
sugar, and level of venous blood gases;

d) Procedures performed during hospitalization, in-
cluding the need for intubation, need for cardiopulmo-
nary resuscitation, hospitalization in the intensive care
unit, emergency hemodialysis, treatment with ethanol,
treatment with folic acid, treatment with sodium bicar-
bonate, hemodialysis, methylprednisolone; and
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e) Outcome (without complications, complications,
and death) and hospitalization period.

After collecting information, the patients were divided
into alive and deceased patients, and the group of liv-
ing patients was further divided into two groups: Living
patients without complications and living patients with
complications.

The patients in this study were treated with ethanol, fo-
lic acid, sodium bicarbonate, and hemodialysis. A sum-
mary of the treatment is described as follows:

a) In patients with severe methanol poisoning (severe
acidosis (pH<7.2), presence of eye symptoms or signs,
decreased level of consciousness), the patient was im-
mediately treated with an antidote (10% intravenous
ethanol with a dose of 8 mL/kg), intravenous folic acid
administration, and emergency hemodialysis until the
level of methanol in the blood reached 0. The serum pH
became normal and continued. The suggested time for
each dialysis session was at least 4 hours.

b) Treatment of mild to moderate methanol poisoning
included the administration of antidote. If the patient is
asymptomatic, antidote administration can be delayed
for 2 hours until the serum methanol level is available.
Folic acid was prescribed for all patients who received
an antidote. Dialysis was performed in case of metabolic
acidosis (pH<7.3) and serum methanol level of more
than 50 mg/dL, even without severe clinical symptoms
or lack of acidosis.

Data analysis was done using SPSS software, version
26. Quantitative variables were compared between living
and deceased patients using the independent t-test, and
non-normally distributed variables were compared using
the Mann-Whitney test. Qualitative variables were com-
pared using the chi-square test and, if necessary, the Fisher
exact test. Logistic regression was also used to predict the
influential factors that cause complications and mortality.
Odds ratios were reported along with 95% confidence in-
tervals. All tests had a significance level of P<0.05.

Results

A total of 149 patients diagnosed with methanol poi-
soning were admitted to Imam Reza and Hashemine-
zhad hospitals. According to the inclusion and exclusion
criteria, 107 patients (71.8%) were included in the study.
The reason for the exclusion of 42 was that 29(69%)
had taken other substances such as opioids, stimulants,
hallucinogens, benzodiazepines, and anticonvulsants in
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addition to methanol poisoning, and 13(31%) left the
hospital with their consent.

Of 107 patients included in the $tudy, 92(86%) were
male, and the average age of the patients was 29.52+9.73
years. Twenty patients (18.69%) died, 50(46.7%) were
discharged from the hospital without complications,
and 37(34.6%) with complications. In total, 87 patients
(81.31%) survived. Among the 37 patients who experi-
enced complications, the most common ones were visual
impairment, which occurred in 33(89%), while 4(11%)
developed neurological sequelae due to intracranial
hemorrhage.

The mean time taken until the onset of symptoms in this
study was 27.47+17.81 h, and the average time taken until
going to the hospital was 36.08+19.67 h. Twenty-five pa-
tients (23.4%) had a history of smoking, 43(40.2%) had a
history of alcohol consumption, and 13(12.1%) had a his-
tory of illegal substance use. The average age of the sur-
vived group without complications was significantly low-
er than the survived group with complications (P=0.02).
The history of alcohol consumption in the surviving group
with complications was significantly higher than in the liv-
ing group without complications (P=0.04). In other cases,
no statistically significant difference was found (Table 1).

The most common symptoms of the disease, in general,
were blurred vision and lethargy in 67 patients (62.6%).
However, in patients alive without complications, 26
patients had blurred vision (52%), and 19 had nausea
(38%). Also, in survived patients with complications, 31
patients had blurred vision (83.8%), and 20 had nausea
(54.1%). Of deceased patients, 10 had blurred vision
(50%), 7(35%) nausea, and 7(35%) vomiting.

In the statistical analysis between the studied groups,
in terms of blurring of vision and complete blindness, a
significant difference was observed between the survived
group without complications and those with complica-
tions, based on the chi-square and Fisher exact tests with
P=0.002 and P=0.04, respectively. In other cases, the
groups had no statistically significant difference (Table 2).

As Table 3 shows, between the three groups in terms of
coma (P<0.001), hypotension (P=0.03), and tachypnea
(P=0.007), there was a statistically significant difference in
dyspnea (P<0.001). Also, between the three groups regard-
ing leukocytosis (P<0.001), hypernatremia (P=0.003), hy-
perkalemia (P=0.001) and hyperglycemia (P<0.001) had a
statistically significant difference (Table 2).
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Table 1. Comparing demographic findings and underlying diseases of methanol poisoning patients

Mean1SD/No. (%) P
Variabl Patients farlent Alive vs wlli:::tlc':::
Gl . Alive R With Deceased P X
All Patients . Without R . De- vs Without
Patients L. Complica- Patients .
Complications . ceased Complica-
tions .
tions
Age (y) 29.53%9.7 29.3449.2' 28481971  31.68:7.98  30.31.2 0.69" 0.02""
Male  92(85.98) 74(85.06) 42(84) 32(86.49) 18(90)
Sex 0.43" 0.74'
Female  15(14.02) 13(14.94) 5(13.51) 2(10)
Y 1(0.93 0(0 0(0 1(5 - -
Underlying s ( ) ©) ©) ®)
h
sease No  106(99.07) 87(100) 50(100) 37(100) 19(95)
. Yes 25(23.36) 21(24.14) 10(20) 11(29.73) 4(20)
"S":qtggn‘;f 047" 0.29°
No 52(48.6) 66(75.86) 40(80) 26(70.27) 16(80)
History of Yes 43(40.19) 34(39.08) 15(30) 19(51.35) 9(45)
alcohol con- 0.62" 0.04"
sumption No 64(59.81) 53(60.92) 35(70) 18(48.65) 11(55)
History of Yes 13(12.15) 10(11.49) 5(13.51) 3(15)
illegal sub- 0.45™ 0.42"
stance use No 92(85.98) 74(85.06) 42(84) 32(86.49) 18(90)
Time ofuse untilonset 57 4719079 27441854  26.08+17.08 29+16.82 2841239  0.67° 0.61"
of symptoms, hours
Time of use until hospi- 3¢ 0,10 67 350642045 345142169 405741838 315:1504 054" 0.26™"

tal arrival, hours

"Chi-square test, “Fisher exact test, “Independent t-test, “"Mann-Whitney test.

The average length of hospitalization of all patients
was 3.33+2.3 days. Folic acid and ethanol were the most
common treatments (Table 4). Of 69 patients with clini-
cal symptoms, 33(47.82%) were discharged with visual
impairment.

Univariate logistic regression has investigated factors
predicting mortality in methanol poisoning patients. It
was found that pH decrease, creatinine increase, hypox-
emia, and coma had the strongest odds ratio in predicting
mortality (Table 3).

Predictive factors of complications in methanol poison-
ing patients have been investigated by univariate logistic
regression, which showed that pH reduction, blurring
of vision, and history of alcohol use had the strongest
odds ratio in predicting complications. Multivariate lo-
gistic regression indicated that the decrease in pH (95%
CIL, 0.000%, 0.278%; OR=0.007) and blurred vision
(OR=5.096, 95% CI, 16.655%, 16.659%) significantly
predicted what happened.
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Discussion

Methanol poisoning is a severe and potentially life-
threatening condition that typically occurs when metha-
nol is ingested accidentally. In Iran, methanol poisoning
has gained attention by experts shortly after the COV-
ID-19 outbreak. Following the spread of misinformation
on social media claiming that drinking or gargling with
alcohol could prevent or treat COVID-19, numerous
cases of toxic alcohol poisoning were reported to Ira-
nian clinical toxicology centers. These cases presented
with a range of symptoms, from mild gastrointestinal
symptoms such as nausea and vomiting to severe and
potentially fatal complications, including organ failure,
blindness, and death [17, 18].

WHO advises using 70% ethyl alcohol to disinfect re-
usable equipment and 0.5% sodium hypochlorite to dis-
infect surfaces at homes and healthcare facilities, along
with measures like social distancing and mask-wearing,
to combat the spread of COVID-19. In response, the
Iranian population rushed to use alcohol for hand and
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Table 2. Comparing the frequency of clinical symptoms of methanol poisoning

MeantSD/No. (%)

Patients Patients
VA All Patients Al_ive Withmft With Com- Dect.eased Pt P*
(n=107) Patients Con_1pI|- Al Patients
(n=87) cations (n=37) (n=20)
(n=50)
Nausea 46(42.99) 39(44.83) 19(38) 20(54.05) 7(35) 0.42 0.13
Vomiting 44(41.12) 37(42.53) 17(34) 20(54.05) 7(35) 0.53 0.06
Abdominal pain 17(15.89) 14(16.09) 6(12) 8(21.62) 3(15) 0.9 0.22
Blurry vision 67(62.62) 57(65.52) 26(52) 31(83.78) 10(50) 019  0.002
Flashes 0(0) 0(0) 0(0) 0(0) 0(0)
View of storm and snow 2(1.87) 2(2.3) 0(0) 2(5.41) 0(0) 0.66 0.17
E Hand motion 7(6.54) 7(8.05) 2(4) 5(13.51) 0(0) 0.22 0.11
[oR
u§’~ Complete blindness 6(5.61) 6(6.9) 1(2) 5(13.51) 0(0) 0.27 0.04
Lethargy 67(62.62) 28(32.18) 17(34) 11(29.73) 5(25) 0.53 0.67
Convulsions 3(2.8) 0(0) 0(0) 0(0) 3(15) 0.06 -
Headache 7(6.54) 6(6.9) 4(8) 2(5.41) 1(5) 0.61 0.49
Vertigo 12(11.21) 10(11.49) 7(14) 3(8.11) 2(10) 0.6 0.3
Agitation 3(2.8) 2(2.3) 1(2) 1(2.7) 1(5) 0.46 0.67
Dyspnea 7(6.54) 5(5.75) 4(8) 1(2.7) 2(10) 0.38 0.28
c Coma 14(13.08) 3(3.45) 0(0) 3(8.11) 11(55) <0.001  <0.001
:% Hypotension 2(1.87) 0(0) 0(0) 0(0) 2(10) 0.03 -
§ Tachycardia 18(16.82) 14(16.09) 6(12) 8(21.62) 4(20) 0.4 0.25
g Tachypnea 13(12.15) 7(8.05) 4(8) 3(8.11) 6(30) 0.007 0.64
= Hypoxemia 6(5.61) 1(1.15) 1(2) 0(0) 5(25) <0.001  0.57
Leukocytosis 52(48.6) 35(40.23) 19(38) 16(43.24) 17(85) <0.001 0.3
Anemia 3(2.8) 2(2.3) 1(2) 1(2.7) 1(5) 0.47 0.67
Polycythemia 61(57.01) 51(58.62) 26(52) 25(67.57) 10(50) 0.28 0.09
_r'% Thrombocytopenia 8(7.48) 6(6.9) 2(4) 4(10.81) 2(10) 0.44 0.19
g Thrombocytosis 3(2.8) 1(1.15) 0(0) 1(2.7) 2(10) 0.08 0.41
1% Hyponatremia 7(6.54) 5(5.75) 4(8) 1(2.7) 2(10) 0.43 0.36
Hypernatremia 7(6.54) 2(2.3) 2(4) 0(0) 5(25) 0.003 0.39
Hypokalemia 14(13.08) 11(12.64) 7(14) 4(10.81) 3(15) 0.55 0.63
Hyperkalemia 20(18.69) 10(11.49) 6(12) 4(10.81) 10(50) <0.001 0.5
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MeantSD/No. (%)

Patients

Patients
i . Ali Without . D d P P
Variables All Patients '|ve : Ol.‘ With Com- ect?ase g 2
(n=107) Patients Compli- = Patients
(n=87) cations (n=37) (n=20)
(n=50) -
Hyperglycemia (mmol/L) 12(11.21) 3(3.45) 0(0) 3(8.11) 9(45) <0.001 0.06
B'°°d(:1“;f2|"‘/'ﬂ;’)' level 40014226 054282 466443079 54534678 71094354 0036  0.39
Blood urea (mmol/L) 31.53+15.47 25.51#13.56 29.16:14.14 30.01+12.87 39.73#19.95  0.01 0.78
[
=
O ..
2 Blood creatinine 1.2¢0.63  101:026  098:0.23 106029 198102  <0.001  0.09
2 (umol/L)
5
8 pH 7.130.22 7.19+0.19  7.24+0.11 7.1240.17 6.88:0.29  <0.001 <0.001
©
-
HCO, (mmol/L) 12.99+8.05  13.71+7.14 15.82+6.89  10.7#6.45  9.09+12.61 <0.001  <0.001
PCO, (kPa) 33.69+14.36 32.26£13.54 35.22+14.68 28.15+10.64 38.76x16.83  0.06 0.06
Bf‘nfﬁne;‘lc/ﬁs -13.14410.74 -11.45$9.73 -8.17t7.99 -15.75+10.73 -24.78t8.95 <0.001  0.002
Emergency hemodialysis 19(17.76) 12(13.79) 3(6) 9(24.32) 7(35) <0.001 <0.001
Intravenous ethanol 96(89.72) 80(91.95) 46(92) 34(91.89) 16(80) 0.47 0.9
Intravenous folic acid 98(91.59) 82(94.25) 46(92) 36(97.3) 16(80) 0.43 0.84
'”"a"enogs e T 55(63.22) 29(58) 26(70.27) 15(75) 0.31 0.46
u, onate
c
g Hemodialysis 85(79.44) 69(79.31) 33(66) 36(97.3) 16(80) 0.9 0.03
g Int thylpred
= [ntravenous methylpre 43(40.19) 37(42.53) 21(42) 16(43.24) 6(30) 0.67 0.9
nisolone
Hospitalization in ICU 11(10.28) 4(4.6) 0(0) 4(10.81) 7(35) 0.002 =
Need for intubation 25(23.36) 5(5.75) 0(0) 5(13.51) 20(100) <0.001 =
Need for cardiopulmonary
20(18.69) 0(0) 0(0) 0(0) 20(100) <0.001 =

resuscitation
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“For alive vs deceased patients’ comparison, “For patients with complications vs without complications.

surface disinfection, leading to a shortage in pharma-
cies. However, misinformation on social media led
many people to mistakenly believe that drinking alcohol
could prevent or cure COVID-19, prompting them to
consume it. This situation is particularly problematic in
Iran, where the production, consumption, and distribu-
tion of alcoholic beverages have been prohibited by law
since 1979 and are only permitted for medical and indus-
trial purposes. As a result, many Iranians obtain alcohol
through illegal means, such as homemade production or
smuggling from neighboring countries [18, 19].

From March 2018 to May 2019, more than 5876 cases
of methanol poisoning were reported in the country, ac-
cording to the official announcement of the Ministry of
Health and Medical Education. Of these, 534 cases of
definite death due to methanol poisoning were reported.
Iran’s Forensic Medicine Organization has reported 800
deaths from all methanol poisonings in this period, in-
cluding in-hospital and out-of-hospital cases (mortality
rate 14%) [3]. The mentioned statistics have increased
more than § times compared to the same period in the
previous year [9]. This figure is about 5 times higher
than the largest methanol poisoning epidemic in 2013 in
Libya, where 1066 cases of poisoning were reported [3].
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Table 3. Factors predicting the mortality of methanol poisoning patients by univariate logistic regression

Variables OR (95% ClI) for Death P

Coma 34.22 (8.02-145.88) <0.001
Tachypnea 6.25 (1.74-22.39) 0.005
Hypoxemia 35.9 (3.83-336.55) 0.002
Leukocytosis 11.41 (2.47-52.66) 0.002
Hyperglycemia 21.75(12.47-97.59) <0.001
Hypernatremia 12.83 (2.27-72.43) 0.004
Hyperkalemia 7.44 (2.04-22.79) <0.001
Blood methanol level 0.01 (1.01-1.02) 0.004
Urea 1.37(1.07-1.68) 0.015
Creatinine 62.39 (15.03-447.28) <0.001
pH 0.01 (0-0.16) <0.001

HCO, 0.928 (0.1-856.006) 0.69
PCO, 1.29(9.97-1.63) 0.076
Base excess 8.35(7.65-9.1) <0.001

International Journal of
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Table 4. Factors predicting the state of complications in methanol poisoning patients by univariate logistic regression

Univariate Logistic Regression

Variables
OR (95% Cl) P
Age 1.61 (1.03-2.23) 0.039
History of alcohol consumption 6.63 (1.18-14.62) 0.046
Vomiting 4.84 (9.55-9.62) 0.063
Blurred vision 11.69 (7.94-17.31) 0.003
Complete blindness 7.65 (8.55-73.99) 0.69
Creatinine 10.22 (6.21-22.29) 0.15
pH 0.02 (0-1.12) 0.002
HCO, 8.86 (8.21-9.57) 0.002
PCO, 9.55 (9.18-9.93) 0.021
BE 9.23 (8.74-9.75) 0.004
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Methanol is quickly absorbed into the bloodstream af-
ter consumption. Although it is not toxic, it is converted
into toxic metabolites, formaldehyde, and formic acid,
by enzymes in the body. These metabolites can cause
cell dysfunction, organ failure, and damage to the retina
and brain, leading to blindness and brain lesions. The ac-
cumulation of these toxins also leads to metabolic acido-
sis and an increased anion gap, which are characteristic
symptoms of methanol poisoning [20].

In our study, out of 107 patients, 18.69% died, 46.7%
were discharged without complications, and 34.6% were
discharged with complications, including visual impair-
ment and neurological complications. Similar studies
have reported comparable outcomes, including a 2014
study in the Czech Republic (20.8% mortality, 59.4%
alive without complications, and 19.8% alive with com-
plications) [6], a 2018 study in Egypt (17% mortality,
41.2% alive without complications, and 23.5% alive
with complications) [21], a 2007 study in Estonia (23%
mortality, 60% alive without complications, and 18%
alive with complications) [10], and a 2005 study in Nor-
way (18% mortality, 73% alive without complications,
and 10% alive with complications) [22].

Our study found that the average age of methanol poi-
soning patients was 29.5249.73 years, which is lower
compared to similar studies in the Czech Republic (53
years), Egypt (43.47 years), and Norway (53 years) [6,
21, 22]. Older patients in our study had more compli-
cations, but age was not a significant predictor of com-
plications in univariate or multivariate logistic regres-
sion. A history of alcohol consumption was reported in
40.2% of patients, which is lower compared to a study
in Egypt (92.2%) [21]. Patients with a history of alcohol
consumption had more complications, and this factor
was a predictive factor in univariate logistic regression
(OR=2.463, P=0.046). Visual disturbances were com-
mon at admission (67%), and blurred vision was a signif-
icant predictor of developing complications at discharge
in both univariate (OR=4.769, P=0.003) and multivari-
ate (OR=5.096, P=0.007) logistic regression. Similar
studies have reported visual disturbances in 29% to 64%
of patients [22, 24-28].

Gastrointestinal disorders, such as nausea (43%), vom-
iting (41.1%), and abdominal pain (15.9%), were com-
mon in methanol poisoning patients. Similar studies
reported gastrointestinal symptoms in 18% to 67% of
patients [6, 22, 24, 26, 28]. Seizures occurred in 2.8% of
patients, which was associated with high mortality [29].
Leukocytosis was observed in 52% of patients and was
a significant predictor of mortality in univariate logistic
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regression (OR=11.41, P=0.002) [30]. Hyperglycemia
was also a significant predictor of mortality (OR=21.75,
P<0.001) and may be associated with acute pancreatitis
[31-33]. Hyperkalemia was higher in deceased patients
and was a significant predictor of mortality in univariate
logistic regression (OR=7.44, P<0.001) [34]. High blood
methanol levels were also associated with mortality, al-
though the effect was small (OR=1.01, P=0.04).

In our study, low pH, high creatinine, and coma were
strongly associated with mortality and were significant
predictors of mortality in univariate logistic regression.
Similarly, other studies found that pH, creatinine, and
coma were predictors of mortality in methanol poison-
ing patients [10, 22, 23, 35-38]. Metabolic acidosis, se-
rum methanol concentration, and hyperventilation ability
were also related to patient outcomes [10, 22]. Other stud-
ies identified additional predictors of mortality, including
respiratory arrest [22], seizures [35], anion gap [37], and
Glasgow coma scale score [39]. Multivariate regression
models found that parameters such as severity of meta-
bolic acidosis, coma during admission, serum ethanol, and
serum creatinine were predictors of mortality [38, 40].

Patients with methanol poisoning often present with
respiratory symptoms such as tachypnea, dyspnea, and
hypoxemia, which can be mistaken for COVID-19,
highlighting the importance of considering methanol
poisoning as a differential diagnosis in patients with
these symptoms [41]. The study provides an overview
of the clinical and paraclinical symptoms of methanol
poisoning in Iranian patients, emphasizing the need for
improved management, prevention, and education to
reduce morbidity and mortality from this preventable
condition.

Conclusion

This study investigated the clinical and paraclinical
findings of patients with methanol poisoning during the
COVID-19 pandemic. The results showed that methanol
poisoning is a severe condition with a mortality rate of
18.69%. Reduced pH and blurred vision were significant
predictors of complications, while hypoxemia, coma,
high creatinine, and low pH were the strongest predic-
tors of mortality.

One of the study’s limitations is its retrospective na-
ture, and the information of some patients, such as serum
chlorine level, was not recorded to check the anion gap
of the patients and the cause of their death. Conducting
this study in Imam Reza and Hasheminezhad (multi-
central) hospitals, which are the center of poisonous
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diseases in the region and many patients from different
areas are referred to this hospital (high sample size), is
one of the strengths of the study. Another strength is the
cooperation of emergency medicine and clinical toxicol-
ogy specialists in conducting this study.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the research assistant
of Mashhad University of Medical Sciences (Code:
IR.MUMS.REC.1399.133).

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions
All authors equally contributed to preparing this article.
Conflict of interest

The authors declared no conflict of interest.

References

[1] Barceloux DG, Bond GR, Krenzelok EP, Cooper H, Vale JA;
American Academy of Clinical Toxicology Ad Hoc Com-
mittee on the Treatment Guidelines for Methanol Poisoning.
American academy of clinical toxicology practice guidelines
on the treatment of methanol poisoning. Journal of Toxicol-
ogy. Clinical Toxicology. 2002; 40(4):415-46. [DOI:10.1081/
CLT-120006745] [PMID]

[2] Sharma R, Marasini S, Sharma AK, Shrestha JK, Nepal BP.
Methanol poisoning: Ocular and neurological manifesta-
tions. Optometry and Vision Science. 2012; 89(2):178-82.
[DOI:10.1097 / OPX.0b013e31823ee128] [PMID]

[3] Hassanian-Moghaddam H, Nikfarjam A, Mirafzal A, Saber-
inia A, Nasehi AA, Masoumi Asl H, et al. Methanol mass poi-
soning in Iran: Role of case finding in outbreak management.
Journal of Public Health. 2015; 37(2):354-9. [DOI:10.1093 / pub-
med/fdu038] [PMID]

[4] Bouzembrak Y, Steen B, Neslo R, Linge J, Mojtahed V,
Marvin HJP. Development of food fraud media monitoring
system based on text mining. Food Control. 2018; 93:283-96.
[DOI:10.1016/j.foodcont.2018.06.003]

[5] Md Noor J, Hawari R, Mokhtar MF, Yussof SJ, Chew N,
Norzan NA, et al. Methanol outbreak: A Malaysian tertiary
hospital experience. International Journal of Emergency Med-
icine. 2020; 13(1):6. [DOI:10.1186/s12245-020-0264-5] [PMID]
[PMCID]

October 2024, Volume 14, Number 4

[6] Zakharov S, Pelclova D, Urban P, Navratil T, Diblik P, Ku-
than P, et al. Czech mass methanol outbreak 2012: Epidemi-
ology, challenges and clinical features. Clinical Toxicology.
2014; 52(10):1013-24. [DOI:10.3109/15563650.2014.974106]
[PMID]

[7] Arasteh P, Pakfetrat M, Roozbeh J. A surge in methanol poi-
soning amid COVID-19 pandemic: Why is this occurring? The
American Journal of the Medical Sciences. 2020; 360(2):201.
[DOI:10.1016/j.amjms.2020.05.019] [PMID] [PMCID]

[8] World Health Organization (WHO). Coronavirus disease
2019 (COVID-19): Situation report [Internet]. 2020 [Updated
23 March 2020]. Available from: [Link]

[9] Shokoohi M, Nasiri N, Sharifi H, Baral S, Stranges S. A syn-
demic of COVID-19 and methanol poisoning in Iran: Time
for Iran to consider alcohol use as a public health challenge?
Alcohol. 2020; 87:25-27. [DOI:10.1016/j.alcohol.2020.05.006]
[PMID] [PMCID]

[10] Paasma R, Hovda KE, Tikkerberi A, Jacobsen D.
Methanol mass poisoning in Estonia: outbreak in
154 patients. Clinical Toxicology. 2007, 45(2):152-7.
[DOI:10.1080/15563650600956329] [PMID]

[11] Jain N, Himanshu D, Verma SP, Parihar A. Methanol poi-
soning: Characteristic MRI findings. Annals of Saudi Medi-
cine. 2013; 33(1):68-9. [DOI:10.5144/0256-4947.2012.26.5.1114]
[PMID] [PMCID]

[12] Grufferman S, Morris D, Alvarez ]. Methanol poison-
ing complicated by myoglobinuric renal failure. The
American Journal of Emergency Medicine. 1985; 3(1):24-6.
[DOI:10.1016/0735-6757(85)90006-3] [PMID]

[13] Sebe A, Satar S, Uzun B, Topal M, Yesilagac H, Avci A.
Intracranial hemorrhage associated with methanol intoxica-
tion. The Mount Sinai Journal Of Medicine. 2006; 73(8):1120-2.
[Link]

[14] Mégarbane B, Borron SW, Baud FJ. Current recommenda-
tions for treatment of severe toxic alcohol poisonings. Inten-
sive Care Medicine. 2005; 31(2):189-95. [DOI:10.1007 /s00134-
004-2521-0] [PMID]

[15] Hovda KE, Jacobsen D. Expert opinion: Fomepizole may
ameliorate the need for hemodialysis in methanol poison-
ing. Human & Experimental Toxicology. 2008; 27(7):539-46.
[DOI:10.1177,/0960327108095992] [PMID]

[16] Peces R, Fernandez R, Peces C, Gonzélez E, Olivas E, Renjel
F, et al. Effectiveness of pre-emptive hemodialysis with high-
flux membranes for the treatment of life-threatening alcohol
poisoning. Nefrologia. 2008; 28(4):413-8. [Link]

[17] Hassanian-Moghaddam H, Zamani N, Kolahi AA, Mc-
Donald R, Hovda KE. Double trouble: Methanol outbreak in
the wake of the COVID-19 pandemic in Iran-a cross-sectional
assessment. Critical Care. 2020; 24(1):402. [DOI:10.1186/
s13054-020-03140-w] [PMID] [PMCID]

[18] Banagozar Mohammadi A, Vahabzadeh M. A concurrent
outbreak of COVID-19 and methanol poisoning in Iran: Is this
the time to make amendments to alcohol drinking laws? Eu-
ropean Journal of Clinical and Experimental Medicine. 2020;
18(3):252-3. [DOI:10.15584/ ejcem.2020.3.17]

Bolvardi E, et al. Predictive Factors of Mortality in Methanol Poisoning Outbreaks. IMTFM. 2024; 14(4):E45361.



https://www.mums.ac.ir/index.php/en/
https://doi.org/10.1081/CLT-120006745
https://doi.org/10.1081/CLT-120006745
https://www.ncbi.nlm.nih.gov/pubmed/12216995
https://doi.org/10.1097/OPX.0b013e31823ee128
https://www.ncbi.nlm.nih.gov/pubmed/22127151
https://doi.org/10.1093/pubmed/fdu038
https://doi.org/10.1093/pubmed/fdu038
https://www.ncbi.nlm.nih.gov/pubmed/24944254
https://doi.org/10.1016/j.foodcont.2018.06.003
https://doi.org/10.1186/s12245-020-0264-5
https://www.ncbi.nlm.nih.gov/pubmed/32028888
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7006424
https://doi.org/10.3109/15563650.2014.974106
https://www.ncbi.nlm.nih.gov/pubmed/25345388
https://doi.org/10.1016/j.amjms.2020.05.019
https://www.ncbi.nlm.nih.gov/pubmed/32536420
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7237356
https://reliefweb.int/report/world/coronavirus-disease-2019-covid-19-situation-report-63-23-march-2020-0?gad_source=1&gclid=Cj0KCQjwxsm3BhDrARIsAMtVz6MCs5nWSw0gzn0y5JNlHAZX-NZiTCQiLh1wVO6_LSXHyyEiUzJ2jGEaAu2tEALw_wcB
https://doi.org/10.1016/j.alcohol.2020.05.006
https://www.ncbi.nlm.nih.gov/pubmed/32505493
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7272173
https://doi.org/10.1080/15563650600956329
https://www.ncbi.nlm.nih.gov/pubmed/17364632
https://doi.org/10.5144/0256-4947.2012.26.5.1114
https://www.ncbi.nlm.nih.gov/pubmed/22634487
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6078586
https://doi.org/10.1016/0735-6757(85)90006-3
https://www.ncbi.nlm.nih.gov/pubmed/3970748
https://d1wqtxts1xzle7.cloudfront.net/40691894/Intracranial_hemorrhage_Associated_with_20151208-30562-12d40kc-libre.pdf?1449565108=&response-content-disposition=inline%3B+filename%3DIntracranial_hemorrhage_associated_with.pdf&Expires=1727172519&Signature=fUuk~2mUdhK-aiL2RAvlH7DOpw6xy9aRe0bN~BjR2-45kBxTOlCuVUq-g0dY9Hr~q9kCw4UJVHFlu8V709nKPsUumleXI5-zSLXCVFLyxlW9vYCUagj3mYaUlgVjIXAXFp9K4HY7aKgGO4nVyvQIIqIGLRDxFQOKcmcbVnqfNI-F4TwN0zOa8A2DZwarqgN6pxVnJgbeY~veKjBtL0oiCzkHicCIUJkUbwWENxN8re5c7kXuStDcjcG2YVsJqkGUuwxpFw2tllPLSY1lLtwWYuuN4i57r0iKJPmGzZmXn4XhF366RN-xlFZnbYW6Unm611WcdyDR-VE8qWptUoLpYA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1007/s00134-004-2521-0
https://doi.org/10.1007/s00134-004-2521-0
https://www.ncbi.nlm.nih.gov/pubmed/15627163
https://doi.org/10.1177/0960327108095992
https://www.ncbi.nlm.nih.gov/pubmed/18829729
https://www.researchgate.net/profile/Elena-Gonzalez-Garcia/publication/23132770_Effectiveness_of_pre-emptive_hemodialysis_with_high-flux_membranes_for_the_treatment_of_life-threatening_alcohol_poisoning/links/0deec51d5633f9a2eb000000/Effectiveness-of-pre-emptive-hemodialysis-with-high-flux-membranes-for-the-treatment-of-life-threatening-alcohol-poisoning.pdf
https://doi.org/10.1186/s13054-020-03140-w
https://doi.org/10.1186/s13054-020-03140-w
https://www.ncbi.nlm.nih.gov/pubmed/32646475
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7344025
https://doi.org/10.15584/ejcem.2020.3.17

October 2024, Volume 14, Number 4

[19] Vahabzadeh M, Mostafazadeh B. Clinical poisonings im-
posed by the COVID-19 pandemic. International Journal of
Medical Toxicology and Forensic Medicine. 2021; 11(1):33859.
[DOI:10.32598/ ijmtfm.v11i1.33859]

[20] Najari F, Baradaran I, Najari D. Methanol poisoning and
its treatment. International Journal of Medical Toxicology and
Forensic Medicine. 2020; 10(1):26639. [DOI:10.32598 /ijmtfm.
v10i1.26639]

[21] Mansour G, Aglan M, Elwahab M. Acute methanol poisen-
ing: prognostic factors and role of glasgow coma scale. The
Egyptian Journal of Forensic Sciences and Applied Toxicol-
ogy. 2018; 18(4):41-51. [DOI:10.21608/ ejfsat.2018.5981.1030]

[22] Hovda KE, Hunderi OH, Tafjord AB, Dunlop O, Rudberg
N, Jacobsen D. Methanol outbreak in Norway 2002-2004: Epi-
demiology, clinical features and prognostic signs. Journal of
Internal Medicine. 2005; 258(2):181-90. [DOI:10.1111/j.1365-
2796.2005.01521.x] [PMID]

[23] Pressman P, Clemens R, Sahu S, Hayes AW. A review of
methanol poisoning: A crisis beyond ocular toxicology. Cuta-
neous and Ocular Toxicology. 2020; 39(3):173-9. [DOI:10.1080
/15569527.2020.1768402] [PMID]

[24] Swartz RD, Millman RP, Billi JE, Bondar NP, Migdal SD,
Simonian SK, et al. Epidemic methanol poisoning: Clini-
cal and biochemical analysis of a recent episode. Medicine.
1981; 60(5):373-82. [DOI:10.1097/00005792-198109000-00005]
[PMID]

[25] Brent J, McMartin K, Phillips S, Aaron C, Kulig K; Meth-
ylpyrazole for Toxic Alcohols Study Group. Fomepizole
for the treatment of methanol poisoning. The New Eng-
land Journal of Medicine. 2001; 344(6):424-9. [DOI:10.1056/
NEJM200102083440605] [PMID]

[26] Bennett IL Jr, Cary FH, Mitchell GL Jr, Cooper MN. Acute
methyl alcohol poisoning: A review based on experiences
in an outbreak of 323 cases. Medicine. 1953; 32(4):431-63.
[DOI:10.1097/00005792-195312000-00002] [PMID]

[27] Mégarbane B, Borron SW, Trout H, Hantson P, Jaeger A,
Krencker E, et al. Treatment of acute methanol poisoning
with fomepizole. Intensive Care Medicine. 2001; 27(8):1370-8.
[DOI:10.1007/5001340101011] [PMID]

[28] Sejersted OM, Ostborg J, Jansen H. [Methanol poisoning.
Emergency measures, diagnostic and therapeutic problems
during the Kristiansand outbreak in 1979 (Norwegian)].
Tidsskrift for Den Norske Laegeforening. 1981; 101(12):699-
706. [PMID]

[29] Liu JJ, Daya MR, Carrasquillo O, Kales SN. Prognos-
tic factors in patients with methanol poisoning. Journal
of Toxicology. Clinical Toxicology. 1998; 36(3):175-81.
[DOI:10.3109/15563659809028937] [PMID]

[30] Shadnia S, Rahimi M, Soltaninejad K, Nilli A. Role of clini-
cal and paraclinical manifestations of methanol poisoning in
outcome prediction. Journal of Research in Medical Sciences.
2013; 18(10):865-9. [PMID] [PMCID]

[31] Bennett IL Jr, Nation TC, Olley JF. Pancreatitis in methyl
alcohol poisoning. The Journal of Laboratory and Clinical
Medicine. 1952; 40(3):405-9. [PMID]

International Journal of
Medical Toxicology & Forensic Medicine

[32] Eckfeldt JH, Kershaw MJ. Hyperamylasemia following
methyl alcohol intoxication. Source and significance. Ar-
chives of Internal Medicine. 1986; 146(1):193-4. [DOI:10.1001/
archinte.1986.00360130235032]

[33] Hantson P, Mahieu P. Pancreatic injury following acute
methanol poisoning. Journal of Toxicology. Clinical Toxi-
cology. 2000; 38(3):297-303. [DOI:10.1081/CLT-100100935]
[PMID]

[34] Hassanian-Moghaddam H, Pajoumand A, Dadgar
SM, Shadnia S. Prognostic factors in methanol poison-
ing. Human & Experimental Toxicology. 2007; 26(7):583-6.
[DOI:10.1177 /0960327106080077] [PMID]

[35] Sanaei-Zadeh H, Esfeh SK, Zamani N, Jamshidi F, Shad-
nia S. Hyperglycemia is a strong prognostic factor of lethality
in methanol poisoning. Journal of Medical Toxicology. 2011;
7(3):189-94. [DOI:10.1007/513181-011-0142-x] [PMID] [PM-
CID]

[36] Navabi SJ, Eivazi M, Beiranvand B. Evaluation of effective
factors in the prognosis of hospitalized patients with acute
methanol poisoning. Iranian Journal of Forensic Medicine.
2018; 24(3):175-84. [Link]

[37] Coulter CV, Farquhar SE, McSherry CM, Isbister GK, Duf-
full SB. Methanol and ethylene glycol acute poisonings - pre-
dictors of mortality. Clinical Toxicology. 2011; 49(10):900-6. [D
0I:10.3109/15563650.2011.630320] [PMID]

[38] Desai T, Sudhalkar A, Vyas U, Khamar B. Methanol
poisoning: Predictors of visual outcomes. JAMA Ophthal-
mology. 2013; 131(3):358-64. [DOI:10.1001/jamaophthal-
mol.2013.1463] [PMID]

[39] Lee CY, Chang EK, Lin JL, Weng CH, Lee SY, Juan KC, et
al. Risk factors for mortality in Asian Taiwanese patients with
methanol poisoning. Therapeutics and Clinical Risk Manage-
ment. 2014; 10:61-7. [DOI:10.2147/TCRM.S51985] [PMID]
[PMCID]

[40] Morteza Bagi HR, Tagizadieh M, Moharamzadeh P, Poura-
ghaei M, Kahvareh Barhagi A, Shahsavari Nia K. Epidemiol-
ogy of alcohol poisoning and its outcome in the north-west of
Iran. Emergency. 2015; 3(1):27-32. [PMID] [PMCID]

[41] Ghoochani Khorasani A, Shirzad H. [Differentiation of
coronavirus disease-19 (COVID-19) from methanol poisoning
during the COVID-19 pandemic (Persian)]. Journal of Police
Medicine. 2020; 9(4):181-4. [DOI:10.30505/9.4.1]

Bolvardi E, et al. Predictive Factors of Mortality in Methanol Poisoning Outbreaks. IIMTFM. 2024; 14(4):E45361.



https://doi.org/10.32598/ijmtfm.v11i1.33859
https://doi.org/10.32598/ijmtfm.v10i1.26639
https://doi.org/10.32598/ijmtfm.v10i1.26639
https://doi.org/10.21608/ejfsat.2018.5981.1030
https://doi.org/10.1111/j.1365-2796.2005.01521.x
https://doi.org/10.1111/j.1365-2796.2005.01521.x
https://www.ncbi.nlm.nih.gov/pubmed/16018795
https://doi.org/10.1080/15569527.2020.1768402
https://doi.org/10.1080/15569527.2020.1768402
https://www.ncbi.nlm.nih.gov/pubmed/32396759
https://doi.org/10.1097/00005792-198109000-00005
https://www.ncbi.nlm.nih.gov/pubmed/7278621
https://doi.org/10.1056/NEJM200102083440605
https://doi.org/10.1056/NEJM200102083440605
https://www.ncbi.nlm.nih.gov/pubmed/11172179
https://doi.org/10.1097/00005792-195312000-00002
https://www.ncbi.nlm.nih.gov/pubmed/13110604
https://doi.org/10.1007/s001340101011
https://www.ncbi.nlm.nih.gov/pubmed/11511951
https://pubmed.ncbi.nlm.nih.gov/7245154/
https://doi.org/10.3109/15563659809028937
https://www.ncbi.nlm.nih.gov/pubmed/9656972
https://pubmed.ncbi.nlm.nih.gov/24497857/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3897070/
https://pubmed.ncbi.nlm.nih.gov/14955658/
https://doi.org/10.1001/archinte.1986.00360130235032
https://doi.org/10.1001/archinte.1986.00360130235032
https://doi.org/10.1081/CLT-100100935
https://www.ncbi.nlm.nih.gov/pubmed/10866330
https://doi.org/10.1177/0960327106080077
https://www.ncbi.nlm.nih.gov/pubmed/17884962
https://doi.org/10.1007/s13181-011-0142-x
https://www.ncbi.nlm.nih.gov/pubmed/21336799
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550199
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550199
file:///C:/Users/erfan/Downloads/iran-j-for-v24n3p175-fa.pdf
https://doi.org/10.3109/15563650.2011.630320
https://doi.org/10.3109/15563650.2011.630320
https://www.ncbi.nlm.nih.gov/pubmed/22091788
https://doi.org/10.1001/jamaophthalmol.2013.1463
https://doi.org/10.1001/jamaophthalmol.2013.1463
https://www.ncbi.nlm.nih.gov/pubmed/23303293
https://doi.org/10.2147/TCRM.S51985
https://www.ncbi.nlm.nih.gov/pubmed/24465131
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3900329
https://pubmed.ncbi.nlm.nih.gov/26512366/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4614612/
https://jpmed.ir/browse.php?a_id=928&sid=1&slc_lang=en

