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Abstract
BACKGROUND 
Methanol is a highly toxic, non-potable alcohol. Outbreaks of methanol toxicity 
occur due to its fraudulent addition to alcoholic beverages as a cheaper substitute 
for ethanol. Recently, alongside the coronavirus disease 2019 (COVID-19) 
pandemic, rumors circulated on social media that consuming alcohol can prevent 
or cure the virus, leading to a COVID-19 and methanol-induced optic neuropathy 
(MON) syndemic.

AIM 
To investigate the impact of erythropoietin (EPO) on the outcomes of patients 
diagnosed with MON.

METHODS 
In this prospective study, 105 patients presenting with acute bilateral visual loss 
secondary to methanol intoxication were enrolled from March to May 2020 at 
Farabi Eye Hospital. A comprehensive ocular examination was conducted for all 
participants. Recombinant human EPO and methylprednisolone were admini-
stered intravenously to all patients for three consecutive days.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i15.3502
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RESULTS 
The mean age of the participants was 39.9 years (± 12.6). Ninety-four patients were male and 
eleven were female. The mean pre-treatment best corrected visual acuity (BCVA) improved from 
2.0 ± 0.86 to 1.39 ± 0.69 logarithm of the minimum angle of resolution post-treatment (P < 0.001), 
with significant improvement observed in all age categories and genders (P < 0.001). Visual acuity 
improvement was also significant regardless of whether the patient presented before or after 72 h (
P < 0.001), and the post-treatment BCVA remained significant at all monthly follow-up visits (P < 
0.001).

CONCLUSION 
EPO and methylprednisolone therapy have been shown to be effective in improving visual 
outcomes in patients with MON when administrated within the first month of exposure. Public 
awareness efforts are necessary to prevent further outbreaks of methanol toxicity in the current 
COVID-19 era.

Key Words: Alcohol; Ethanol; Methanol; Optic neuropathy; Erythropoietin; COVID-19

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a prospective cohort study that assessed the impact of erythropoietin (EPO) and methyl-
prednisolone treatment on 105 patients diagnosed with acute bilateral visual loss due to methanol-induced 
optic neuropathy. The results suggest that administering EPO within the first month of methanol exposure 
can significantly improve visual outcomes.

Citation: Tabatabaei SA, Amini M, Haydar AA, Soleimani M, Cheraqpour K, Shahriari M, Hassanian-Moghaddam 
H, Zamani N, Akbari MR. Outbreak of methanol-induced optic neuropathy in early COVID-19 era; effectiveness 
of erythropoietin and methylprednisolone therapy. World J Clin Cases 2023; 11(15): 3502-3510
URL: https://www.wjgnet.com/2307-8960/full/v11/i15/3502.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i15.3502

INTRODUCTION
Methanol (CH3OH) is a type of non-drinking alcohol used in the production of fuel, acetic acid, 
antifreeze, dyes, and cologne. Unlike ethanol, it is highly toxic to humans and is a colorless, volatile, and 
flammable fluid. In the body, methanol is slowly metabolized into formaldehyde and formic acid, which 
cause its toxic effects[1]. The lethal dose of methanol ranges from 30-240 mL[2]. The minimal amount 
required to cause permanent visual damage in adults is not known, but it is thought to be greater than 
30 mL[3]. Symptoms of toxicity, including metabolic acidosis, usually appear 12-24 h after exposure and 
can include weakness, anorexia, headache, nausea, vomiting, and hyperventilation[2]. Progression to 
coma and respiratory and circulatory arrest may also occur[4], as well as cerebral hemorrhage[5]. Optic 
neuropathy, causing blurred vision, tunnel vision, visual loss, and photophobia, may appear first or 
simultaneously with systemic symptoms[3].

The prognosis of methanol-induced optic neuropathy (MON) is generally poor. Currently, two 
antidotes are available for methanol toxicity: ethanol and fomepizole. Ethanol has potential adverse 
effects and limited success in restoring vision[6]. Fomepizole is deemed safe but is expensive and 
unavailable in many undeveloped countries where methanol toxicity occurs frequently[7]. 
Erythropoietin (EPO), a hormone produced mainly in the kidneys to respond to hypoxia, stimulates the 
production of red blood cells in the bone morrow. The investigation of EPO’s neuroprotective and 
neuroregenerative properties is an active area of research. Several studies have reported improvement 
in visual acuity (VA) when EPO was used to treat patients with optic nerve disorders[8-10].

Epidemics of methanol toxicity occur when it is fraudulently added to alcoholic beverages as a 
cheaper substitute to ethanol. In Iran, where the consumption of alcoholic beverages is prohibited by 
law, hundreds of cases of fatalities, permanent blindness, and irreversible neurological sequalae are 
reported annually following ingestion of methanol[11-13]. Most recently, in parallel with the 
coronavirus disease 2019 (COVID-19) pandemic, a methanol toxicity outbreak emerged in Iran, with the 
Iranian Ministry of Health documenting 5876 hospitalizations and over 700 deaths from February 23 
(the first documented COVID-19 case in Iran) until May 2, 2020[14]. This is the largest recorded 
methanol toxicity outbreak in history, with the second-largest documented in Libya in March 2013, with 
1066 cases[15].

https://www.wjgnet.com/2307-8960/full/v11/i15/3502.htm
https://dx.doi.org/10.12998/wjcc.v11.i15.3502
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During the COVID-19 pandemic, hospitals in Iran have seen a surge in the number of patients with 
MON. Reports of a higher incidence of MON during the COVID-19 era than the total number of patients 
seen in the past 15 years have been recorded in Shiraz[16]. Our emergency department of Farabi Eye 
Hospital has similarly observed a significant increase in the number of MON patients. We conducted a 
prospective study to investigate the effects of EPO on visual outcomes in MON patients.

MATERIALS AND METHODS
Patient selection
In this prospective study, 105 patients with acute bilateral visual loss secondary to methanol 
intoxication who presented at Farabi Eye Hospital between March and May 2020 were enrolled. The 
study was approved by the Institutional Review Board of Tehran University of Medical Sciences and all 
procedures conformed to the tenets of the Declaration of Helsinki. Written informed consent was 
obtained from all participants. Screening for eligibility was performed in the emergency room and data 
was collected from the patient’s medical records.

Patient eligibility
The inclusion criteria for this study were acute visual loss secondary to methanol poisoning, detoxi-
fication or dialysis, and consumption of homemade alcoholic beverages within one month. Exclusion 
criteria included a history of ophthalmic disease, neurologic disorder, hemoglobin concentration ≥ 16 
gm/dL, pregnancy, lactation, and uncontrolled hypertension.

Patient evaluation
All patients underwent toxicology screening and received hemodialysis when deemed necessary at our 
affiliated or nearby general hospitals. An ophthalmic examination was performed, including best-
corrected VA (BCVA), assessment of relative afferent pupillary defect, evaluation of extraocular 
movements, slit-lamp examination, and funduscopy.

Study design
In this study, recruited patients were hospitalized for a three-day period. They underwent a compre-
hensive history and physical examination, and a complete blood count test. Intravenous recombinant 
human EPO (10000 IU/mL) was administered every 12 h for all three consecutive days. In addition, all 
patients received intravenous methylprednisolone (250 mg) every 6 h for three days. A conventional 
therapy regimen, consisting of vitamin B12 (100 mg/d), vitamin B6 (100 mg/d), and folic acid (10 mg/
d), was added for a duration of three months. During hospitalization, patients were evaluated daily for 
any potential adverse effects. The treatment protocol was repeated once a month for a period of six 
months, with EPO and methylprednisolone being administrated in a single dose, but not for three days.

Statistical analysis
Vision was measured using the logarithm of the minimum angle of resolution (LogMAR) and 
categorized as counting fingers equal to 1.9, hand motion equal to 2.3, light perception (LP) equal to 2.7, 
and no LP (NLP) equal to 3.0[17]. Data was presented as mean, standard deviation, median, and range, 
and the trend of vision during the follow-up periods were demonstrated using a line-error bar. 
Generalized estimating equation was used to evaluate visual changes during follow-ups and Wilcoxon 
signed-rank test was used to compare the pre- and final VA. Multiple comparisons were handled using 
the Sidak method. Statistical analysis was performed using SPSS v.26 (IBM Corp., Armonk, NY, Untied 
States). A P value less than 0.05 was considered statistically significant.

RESULTS
A total of 105 patients with recent MON were enrolled in our prospective study. The mean age was 39.9 
years (± 12.6, range: 15-53 years). Ninety-four (89.5%) of the patients were male and eleven (10.5%) were 
female, yielding a male-to-female ratio of 8.55. The mean interval between methanol intoxication and 
initiation of EPO treatment was 6.1 d (± 4.96, range: 1-29 d). The mean follow-up time was 4.5 ± 1.7 mo.

The baseline BCVA in the right and left eyes was 2.02 ± 0.91 and 2.0 ± 0.95 LogMAR, respectively, and 
significantly improved to 1.38 ± 0.82 and 1.40 ± 0.82 LogMAR (P < 0.001) after treatment. The results of 
VA changes based on gender, age, and time interval are shown in Table 1. Both male and female 
patients showed significant improvement in their BCVA from 2.04 ± 0.86 and 1.89 ± 1.21 to 1.16 ± 1.03 (P 
< 0.001) and 1.1 ± 0.85 (P = 0.0), respectively. All age categories also showed significant improvement in 
final BCVA (P < 0.001). Patients who presented either before or after 72 h of methanol ingestion also 
showed significant improvement in their final BCVA (P < 0.001).
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Table 1 Visual acuity before and after treatment with erythropoietin

Gender Age (yr) Time interval (h)
Time

F M ≤ 35 36-50 ≥ 51 ≤ 72 ≥ 73

Pre 1.89 ± 1.21 2.04 ± 0.88 1.9 ± 0.86 2.2 ± 0.88 1.91 ± 1.04 1.81 ± 0.89 2.16 ± 0.88

Month 1 0.13 ± 0.04 1.19 ± 1.08 0.5 ± 0.85 1.9 ± 0.9 0.54 ± 0.68 1.64 ± 0.72 1.44 ± 1.18

Month 2 1.21 ± 0.91 1.08 ± 0.98 0.89 ± 0.89 1.29 ± 1.02 0.98 ± 0.93 0.83 ± 0.93 1.22 ± 1

Month 3 0.91 ± 0.89 1.28 ± 0.95 0.91 ± 0.83 1.5 ± 0.97 1.41 ± 0.97 1.11 ± 0.96 1.39 ± 0.91

Month 4 0.29 ± 0.32 1.37 ± 1.04 1.04 ± 1.01 1.64 ± 1.01 1.07 ± 1.05 0.93 ± 0.95 1.5 ± 1.04

Month 5 1.05 ± 0.85 1.18 ± 1.01 0.96 ± 0.96 1.26 ± 0.97 1.33 ± 1.03 1.07 ± 1 1.19 ± 1

Month 6 0.96 ± 0.85 1.4 ± 0.97 1.15 ± 0.95 1.53 ± 0.87 1.73 ± 1.05 1.39 ± 1.02 1.27 ± 0.96

Final evaluation 1.1 ± 0.85 1.16 ± 1.03 0.88 ± 0.93 1.37 ± 1.03 1.27 ± 1.01 0.95 ± 0.94 1.3 ± 1.02

P valuea 0.01 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001

aP value of pre vs final evaluation.

Comparison of the post-BCVA of the study population at each monthly follow-up with the pre-BCVA 
showed a significant improvement (P < 0.001). However, when stratified by gender, age, and time 
interval, the comparisons between post-BCVA of monthly follow-up visits and pre-BCVA were not 
always statistically significant. Figure 1 displays the trend of VA during the follow-up periods using a 
line plot with error bars.

DISCUSSION
Methanol toxicity remains a major health concern in low-income areas and is more prevalent among 
those with low socio-economic status. In the body, methanol is converted to formaldehyde by oxidation 
and then further metabolized in the liver by alcohol dehydrogenase to formic acid, which is responsible 
for the toxic effects seen with methanol exposure[1]. The buildup of formic acid leads to metabolic 
acidosis, inhibits mitochondrial cytochrome C oxidase, and depletes adenosine triphosphate, causing 
tissue hypoxia and ultimately resulting in axonal cell death[18,19]. This can lead to optic nerve 
hyperemia, mild edema, and eventually optic atrophy, as well as cystoid macular edema, a pseudo-
cherry red spot, retinal hemorrhage, and retinal vascular tortuosity. Studies have documented damage 
to photoreceptors, Müller cells, and the retrolaminar optic nerve[20,21].

The treatment of methanol toxicity involves correcting metabolic acidosis with sodium bicarbonate 
and inhibiting further methanol metabolism to formic acid using fomepizole or ethanol antidotes[1]. 
Although fomepizole is preferred because it does not induce central nervous system (CNS) depression 
or hypoglycemia, it is expensive and unavailable in many developing countries. Early administration of 
fomepizole is crucial for effective treatment, but it offers no additional benefits after hemodialysis or 
when ocular damage has occurred[1]. Hemodialysis is indicated in cases of visual impairment with 
metabolic acidosis[22]. Folinic acid is used to promote oxidation of formic acid to carbon dioxide and 
water[1]. High-dose systemic steroids are sometimes used to improve vision in methanol toxicity, but 
their effectiveness has not been supported by clinical trials and results are inconsistent[23-25]. Systemic 
steroids are believed to alleviate the pressure on the swollen optic nerve head and prevent secondary 
damage to axons, as they are used in similar scenarios for other eye conditions such as thyroid eye 
disease, anterior ischemic optic neuropathy, and papilledema[26,27].

We showed that EPO infusion may improve vision in patients with MON. EPO is a glycoprotein 
cytokine mainly produced by the kidneys in response to tissue hypoxia, which stimulates the 
production of red blood cells. In clinical practice, EPO is used to correct anemia. Experimental studies 
have shown that EPO has multiple functions, including antiapoptotic and angiogenic activities, anti-
inflammatory and antioxidant effects, and potential neuroprotective and neurogenetic roles against 
ischemia[28]. Additionally, EPO is involved in neurogenesis and can prevent neuronal degeneration, 
such as in retinal ganglion cells and axons[29-31]. As a result, EPO has been investigated for therapeutic 
use in various fields, including ophthalmology, where it has been studied for the treatment of several 
ocular diseases, such as diabetic macular edema[32], glaucoma[33], optic neuritis[34], traumatic optic 
neuropathy[9], and non-arteritic anterior ischemic optic neuropathy[8]. These human studies have 
shown promising results. However, it is important to note that EPO is considered an adjunctive 
treatment to prevent, maintain, or improve the vision loss and cannot replace hemodialysis when 
necessary.
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Figure 1 Change in mean logarithm of the minimum angle of resolution visual acuity over time from baseline. Error bars represent standard 
error of the mean. SE: Standard error.

In this prospective study, 105 patients with MON received EPO therapy in addition to conventional 
treatment. Patients received supportive care, including airway management, correction of electrolyte 
imbalances, and hemodialysis at affiliated general hospitals prior to admission to our facility. Results 
showed that EPO significantly improved the final VA in MON patients, and this improvement was 
maintained regardless of gender, age, and time interval. Additionally, post-BCVA at each follow-up 
visit from 1 to 6 mo was also significant. However, the comparison of post-BCVA between monthly 
follow-up visits was not always significant. No significant adverse effects were observed during or after 
EPO administration.

Table 2 summarizes the studies on the use of EPO in the management of MON. A total number of 
four case reports and series were identified in the literature review, involving 39 patients[35-38]. All the 
39 patients presented within 10 d of methanol ingestion and all except one were male, with an average 
age in the mid-thirties Three studies employed a combination of EPO and methylprednisolone, while 
one report used EOP only. In 2012, Pakravan et al[35] were the first to use EOP in two MON patients
[35], and they observed dramatic vision improvement, although the follow-up was short. The same 
authors treated 11 patients with the same protocol in 2016 and also achieved favorable results[36]. In a 
case-control study, Zamani et al[38] found no benefit from adding EPO to methylprednisolone and 
concluded that the effect of EPO on MON may be transient[38]. In 2018, Pakdel et al[37] treated 16 MON 
patients with EPO only and followed them for a longer period[37]. Their vision improved significantly 
from 3.6 to 1.0 LogMAR (P < 0.0001). Our study reports the largest cohort of MON patients treated with 
EPO and followed for a long period. We used a combined treatment strategy of EPO plus methylpred-
nisolone and repeated the treatment monthly for 6 mo for all patients who presented for follow-up. 
However, EPO and methylprednisolone were administrated in a single dose, not for 3 d.

In this prospective study, no adverse effects such as hypertension were reported during or after EPO 
infusion, and no patient experienced post-treatment polycythemia. Our results are consistent with 
previous studies that found significant improvement in VA post-EPO treatment. However, the study by 
Zamani et al[38] found no benefits of adding EPO to methylprednisolone, but their sample size was 
small (10 cases and 5 controls) and the follow-up period was short. They also excluded patients who 
underwent hemodialysis and achieved VA improvement, which can be considered as a bias, as their 
vision may deteriorate shortly after. Our patients showed significantly better post-BCVA patterns at 
every monthly follow-up from 1 to 6 mo compared to pre-BCVA (P < 0.001) (Figure 1), contradicting the 
hypothesis by Zamani et al[38] that EPO’s effect may be transient.

The COVID-19 outbreak in Iran, like in other countries, caused widespread fear of infection due to 
the lack of effective treatments and limited access to vaccination, particularly in developing countries. 
This led to self-medication and the concurrent outbreak of methanol toxicity. Rumors that drinking 
alcohol could prevent or cure COVID-19 circulated on social media[39], leading to increased 
consumption of alcohol, some of which contained illegally added methanol[40]. This created a syndemic 
and a surge of methanol toxicity patients visiting emergency departments.

The study was limited by the absence of a control group and the lack of visual field tests and imaging 
such as optical coherence tomography to evaluate changes in retinal fiber nerve layer and ganglion cell 
layer (GCL) thickness before and after EPO treatment. Further research is needed to compare different 
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Table 2 Previous studies of methanol-induced optic neuropathy treated with erythropoietin

Ref. Type of study No. of 
patients

Age 
(yr)1

/Sex

Time 
interval 
1

Management No. of 
Courses Pre VA Post VA Follow-

up1

Pakravan 
et al[35], 
2012

Case report 2 30/M 3 d IV EPO 10000 IU BID for 3 d 1 OU: NLP OU: 20/20 3 wk

35/M 7 d IV Methylprednisolone 500 mg BID 
for 5 d followed by 2 wk of oral 
prednisolone 1 mg/kg/d, Vitamin B6 
100 mg/d, vitamin B12 100mg/d, and 
folic acid 10 mg/d for 1 mo

OU: NLP OD: CF; 
OS: 20/30

2 wk

Pakravan 
et al[36], 
2016

Nonrandomized 
interventional 
comparative

11 34.5/M 4.8 ± 2.6 
d

IV EPO 10000 IU BID for 3 d, IV 
Methylprednisolone 500 mg BID for 5 
d followed by 2 wk of oral 
prednisolone 1 mg/kg/d, Vitamin B6 
100 mg/d, vitamin B12 100 mg/d, 
and folic acid 10 mg/d for 1 mo

1 2.93 ± 0.55 
LogMAR

1.75 ± 1.16 
LogMAR

3 mo

Zamani et 
al[38], 
2018

Case-control 10 34/NA 2 d SQ EPO 10000 IU BID for 3 d, Methyl-
prednisolone 250 mg QID for 3 d

1 0.002 0.004 2 mo

Pakdel et 
al[38], 
2018

Case-series 16 34.2/15 
M

9.1 d IV EPO 20000 IU QD for 3 d 3 in six 
cases, 2 in 
eight, 1 in 
two

Better eye: 
3.6 
LogMAR

Better eye: 
1.0 
LogMAR

7.5 mo

1mean.
M: Male; BID: Twice; QID: 4 times per day; QD: Daily; VA: Visual acuity; OU: Both eyes; OD: Right eye; OS: Left eye; NLP: No light perception; CF: 
Counting fingers; IV: Intravenous; SQ: Subcutaneous; NA: Not available; EPO: Erythropoietin; LogMAR: Logarithm of the minimum angle of resolution.

treatment protocols, establish optimal dosages and timing of EOP through randomized clinical trials, 
and better understand the mechanism of EPO in ophthalmology and its potential side effects.

CONCLUSION
In conclusion, EPO was found to be effective in improving the VA outcomes for MON patients when 
administrated within first month of ingestion. The exact mechanism behind its neuroprotective effects 
on the optic nerve and retina is still unknown. Public awareness campaigns are necessary to prevent 
further concurrent outbreaks of methanol toxicity, especially during the COVID-19 era.

ARTICLE HIGHLIGHTS
Research background
Methanol, which is a type of non-drinking alcohol, has a highly toxic profile to humans. Methanol 
toxicity can damage to different sites of the human body such as the optic nerve. Epidemics of methanol 
toxicity occur when it is fraudulently added to alcoholic beverages as a cheaper substitute for ethanol, 
especially where alcoholic drinks are prohibited by law. Most recently, in parallel with the coronavirus 
disease 2019 pandemic, a methanol toxicity outbreak emerged in Iran.

Research motivation
The prognosis of methanol-induced optic neuropathy (MON) is generally poor. Currently, two 
antidotes are available for methanol toxicity: ethanol and fomepizole. Erythropoietin (EPO), a hormone 
produced mainly in the kidneys, has been shown neuroprotective and neuroregenerative properties.

Research objectives
We conducted a prospective study to investigate the effects of EPO on visual outcomes in MON 
patients.
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Research methods
In this prospective study, patients with acute bilateral visual loss secondary to methanol intoxication 
from one month before presentation were enrolled. All patients underwent toxicology screening and 
received hemodialysis when deemed necessary. A comprehensive ophthalmic examination was 
performed. Patients were hospitalized for a three-day period. Intravenous recombinant human EPO 
(10000 IU/mL) was administered every 12 h for all three consecutive days. In addition, all patients 
received intravenous methylprednisolone (250 mg) every 6 h for three days.

Research results
The mean best corrected visual acuity (VA) improved significantly (P < 0.001). VA improvement was 
significant regardless of whether the patient presented before or after 72 h (P < 0.001).

Research conclusions
EPO and methylprednisolone therapy have been shown to be effective in improving visual outcomes in 
patients with methanol-induced optic neuropathy when administrated within the first month of 
exposure.

Research perspectives
Further research is needed to compare different treatment protocols, establish optimal dosages and 
timing of EOP through randomized clinical trials.
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