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COVID-19 pandemic and methanol poisoning outbreak in
Iranian children and adolescents: A data linkage study
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Background: During the first wave of COVID-19, many Iranians were poisoned by

sess whether the COVID-19 pandemic resulted in an increased prevalence of acci-

dental hand sanitizer/alcoholic beverage exposure in children and adolescents, we
Funding information

Shahid Beheshti University of Medical
Sciences, Grant/Award Number: 24276 poisoning admissions during COVID-19, we also evaluated the cause by age and clini-

compared pediatric hospitalization rates during COVID-19 and the previous year. For

cal outcomes.

Methods: This retrospective data linkage study evaluated data from the Legal
Medicine Organization (reporting mortalities) and hospitalization data from nine toxi-
cology referral centers for alcohol-poisoned patients (age O to 18 years) for the study
period (February 23 to June 22, 2020) and the pre-COVID-19 reference period (same
dates in 2019).

Results: Hospitalization rates due to ethanol and methanol exposure were sig-
nificantly higher in 2020 (n = 375) than 2019 (n = 202; OR [95% CI] 1.9 [1.6, 2.2],
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INTRODUCTION

On February 19, 2020, Iran reported the first confirmed case of
COVID-19 infection in Qom, almost a month before the World
Health Organization declared a global pandemic on March 11,
2020 (Soltaninejad, 2020; WHO, 2020a, 2020b). Lack of ade-
quate diagnostic tools, prior training of healthcare profession-
als and the community on how to manage airborne viruses, and
measures to prevent the viral spread facilitated a sharp increase in
the rate of COVID-19 infections in Iran. By March 28, 2020, about
35,408 COVID-19 cases had been reported, including 2517 deaths
(Soltaninejad, 2020).

The United States Centers for Disease Control and Prevention
(CDC) recommended hand sanitization as the first method of
disease prevention (CDC, 2019). Also, guidelines recommended
the disinfection of frequently touched surfaces and objects to
prevent the spread of the virus (CDC, 2019; Emmanuel et al.,
2020), resulting in high demand for hand sanitizers in the general
population.

In Iran, this led to a serious shortage of these products (Kampf,
et al.,, 2020), and counterfeit and nonstandardized hand sanitizers
entered the black market, some of which contained less than 60%
ethanol (EtOH) or contained methanol (Jairoun et al., 2021). This co-
incided with the rapid spread of COVID-19 misinformation via social
media at the beginning of the COVID-19 pandemic.

One of the misleading suggestions via social media was to drink
or gargle alcoholic beverages to disinfect the mouth and prevent
COVID-19 infection (Delirrad & Mohammadi, 2020; Soltaninejad,
2020). Other recommendations involved household cleaning agents
and disinfectants, leading to excessive exposure. This COVID-19
misinformation caused a steep increase in household poisonings,
including a major methanol poisoning outbreak in the population
(Gharpure et al., 2020; Hassanian-Moghaddam et al., 2020; Chang
et al., 2020).

alcoholic hand sanitizers.

p < 0.001). During COVID-19, in patients <15 years, the odds of intoxication from
hand sanitizers were significantly higher than from alcoholic beverages, while in 15-
to 18-year-olds, alcoholic beverage exposure was 6.7 times more common (95% CI
2.8,16.1, p < 0.001). Of 375 children/adolescents hospitalized for alcoholic beverage
and hand sanitizer exposure in 2020, six did not survive. The odds of fatal outcome
were seven times higher in 15- to 18-year-olds (OR (95% Cl) 7.0 (2.4, 20.1); p < 0.001).
Conclusion: The Iranian methanol poisoning outbreak during the first wave of
COVID-19 was associated with significantly increased hospitalization rates among
children and adolescents—including at least six pediatric in-hospital deaths from poi-

soning. Public awareness needs to be raised of the risks associated with ingesting

COVID-19, hand sanitizers, methanol, outbreak, pediatric, poisoning

The Iranian methanol poisoning outbreak in adults involved
5876 hospitalizations and about 800 deaths registered by the Legal
Medicine Organization (LMO) between February and May 2020,
equivalent to an estimated mortality rate of 9 to 14% (Hassanian-
Moghaddam et al., 2020). This outbreak was five times greater than
the second largest methanol outbreak in history, with 1066 hospi-
talizations reported in Libya in March 2013 (Rostrup et al., 2016).
However, the scale of methanol poisoning during COVID-19 in chil-
dren and adolescents is unknown to date. To address this gap in the
literature, we conducted a multicenter data linkage study of pediat-
ric hospitalization and mortality data.

We aimed to compare the prevalence rates during the first
wave of COVID-19 versus the previous year (2019; “pre-COVID")
for children and adolescents hospitalized with EtOH and metha-
nol poisoning. For pediatric poisoning during COVID-19, we also
aimed to evaluate the cause of exposure by age and the clinical
outcome.

METHODS
Design

This retrospective linkage study was carried out based on adminis-
trative data obtained from the LMO (see below) as well as hospitali-

zation data collected from participating referral toxicology centers.

Setting

The study period was February 23 until June 22, 2020, which rep-
resents the initial 4 months of the COVID-19 pandemic in Iran.
Hospitalization and mortality data on alcoholic beverage and hand
sanitizer exposure during the reference period, that is, the same
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period in the previous year (February 23 to June 22, 2019), were

also obtained from both data sources for comparison.

Hospitalization data

Twelve major clinical toxicology centers across Iran were invited
to participate in this study, among which nine referral toxicology
centers across five cities accepted to contribute. These nine cent-
ers are all affiliated with local medical universities and are based in
Tehran (Loghman Hakim Hospital), Isfahan (Khorshid, Alzahra, and
Imam Hossein Hospitals), Mashhad (Imam Reza Hospital), Qazvin
(Qods and Booali-Sina Hospitals), and Ahvaz (Razi and Aboozar
Hospitals).

Mortality data

The LMO is the national body responsible for conducting autopsies
and issuing death certificates for any unnatural deaths, including
poisoning cases. As such, the LMO conducts autopsies (and collects
data) on corpses referred from toxicology centers, general hospitals,
and the community (Kordrostami et al., 2017).

Participants
Inclusion criteria

All children and adolescents aged O to 18 years (McGoldrick, 1991)
with (a) hospitalization due to alcohol (EtOH or methanol) exposure
and/or (b) postmortem diagnosis of methanol poisoning during the
study period were included.

Hospitalized cases at the nine referral toxicology centers were
eligible if they had taken the sold product of alcoholic beverages
usually used for recreational purposes and/or hand sanitizers used
in an attempt to disinfect the body. History obtained from the pa-
tient or accompanying relatives determined the product that the
patient was exposed to. In-hospital diagnosis of EtOH poisoning
was based on history and clinical presentation, as serum EtOH
concentration cannot be routinely measured in an emergency
condition.

The LMO established postmortem diagnosis of methanol
poisoning (toxic alcohol) based on two criteria: (a) a serum meth-
anol level >6.24 mmol/L (20 mg/dl) and/or (b) a high clinical sus-
picion of methanol exposure (gastrointestinal symptoms, visual
disturbances, dyspnea, central nervous system signs/symptoms)
with pH < 7.3 and serum bicarbonate <20 mmol/L (Hassanian-
Moghaddam et al., 2019).
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Exclusion criteria

Patients with caustic ingestion and consumption of unknown sub-
stances were excluded. Hospitalized cases with duplicate, inaccu-
rate, and missing data as well as outpatients with alcohol exposure
were excluded (Figure 1, see below).

Case matching

To identify fatal cases among those hospitalized, LMO data were
matched to data from the clinical toxicology centers using the fol-
lowing patient identifiers: name, date of birth, and national identi-
fication number. Cases that could not be matched were either (1)
out-of-hospital deaths (LMO data only) or (2) patients who were
discharged from hospital (toxicology center data only) and thus

survivors.

Comparator and interventions
Comparator

Data on alcoholic beverage and hand sanitizer exposures registered
from February 23 to June 22, 2019 (“reference period”), were col-

lected from toxicology referral centers and LMO.

Interventions

All hospitalized patients were managed for EtOH and methanol ex-
posure based on the national guidelines and received hemodialysis

treatment, if necessary.

Measures

Data from the two databases (LMO and clinical toxicology refer-
ral centers; see Table 1; Figure 1) were extracted using a purpose-
developed study instrument which contained 21 items. The following
data were recorded: patients’ demographic characteristics (including
age, gender, city), the type of consumed substance (alcoholic bev-
erage or hand sanitizer), route of exposure, and cause of exposure
(accidental/recreational, suicidal). We also recorded the clinical man-
ifestations on admission: Glasgow Coma Scale (GCS), vital signs, and
routine laboratory tests, including venous blood gas (VBG) analyses.
In terms of treatment, we recorded the need for intubation, the du-
ration of hospital stay, and the final outcome (death, recovery with

sequela, or complete recovery; Table 2).
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n=8,642

Excluded with reasons:

All other poisonings except alcohol*
and hand sanitizers n= 8028
Duplicated cases n=28
Age>18 n=9
All pediatric alcohol and hand sanitizers
outbreak during COVID-19 pandemic and
similar pre-COVID months in 5 cities of
Iran
n=577
Pre-COVID cases | . JERUCOVID: Ehicases
n=202 < Outpatient and inpatient
n=375
.| Outpatient Cases n=204
| Incomplete data n=15
Deaths due to alcohol and hand
» sanitizers poisoning reported by
Common COVID-19 LMO between Feb and June 2020 **
hospitalized cases and deaths n=22
reported by LMO and 9
toxicological centers
n=172
Ahwaz (n=29)
Alcohol n=14
Disinfectants n=15

|Alcohol
Disinfectants

Mashhad (n=35)

(Deaths=2)

=29
n=6

Alcohol

Disinfectants

Isfahan (n=35)

n=25
=10

Alcohol n=1

Qazvin (n=6)

Hand sanitizers n=5
(Death=1)

Tehran (n=51)
Alcohol n=33

Hand sanitizers n=17

Others n=1
(Deaths=3)

FIGURE 1 STROBE statement

Legal Medicine
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TABLE 2 Patient data during COVID-19 pandemic considering ingestion source

Variable Alcohols (n = 118) Sanitizers (n = 54) p-value
Gender
Male n (%) 82.0 (69.5) 30.0 (55.6) 0.075
Female n (%) 36.0(30.5) 24.0 (44.4)
Age
<15 years n (%) 59.0 (50.0) 47.0 (87.0) <0.001*
15 to 18 years n (%) 59.0 (50.0) 7.0 (13.0)
Outcome
Deaths n (%) 21.0(17.8) 1.0(3.6) 0.002**
Discharge n (%) 97.0(82.2) 53.0(96.4)
Systolic blood pressure (mmHg) 110.0 [100.0 to 110.0]° 100.0 [100.0 to 110.0] 0.24
Diastolic blood pressure (mmHg) 70.0 [70.0 to 80.0] 70.0 [60.0 to 71.2] 0.09
Respiratory rate (per min) 18.0 [19.0 to 23.0] 21.0[18.0 to 24.0] 0.18
Pulse rate (per min) 94.23+14.27 99.77+20.05 0.12
O, saturation of room air 95.0[95.0 to 98.0] 95.0 [95.0 to 97.0] 0.39
Cr (umol/L) 70.72 [53.04 to 10.61] 61.88[53.36 to 70.72] 0.14
Urea (mmol/L) 6.78 [4.28 to 10.53] 3.57 [3.21 to 9.28] 0.02
pH 7.3[71to 7.4] 7.3[7.2to 7.4] 0.19
Hco3 (mmol/L) 20.4 [12.9 to 24.0] 23.5[21.0 to 26.0] 0.02
Na (mmol/L) 139.0[136.0 to 141.0] 138.0 [136.0 to 138.0] 0.41
K (mmol/L) 4.2[3.9t04.8] 4.2 [3.8t0 5.3] 0.99
Glucose (mmol/L) 5.52[4.76 to 6.58] 5.88[4.38 to 9.66] 0.98
Ca (mmol/L) 8.65+1.45° 9.34+0.61 0.36
pCO, (kPa) 4.56+1.33 5.07+1.33 0.07

?Frequency (percent).
®Median [quartile 25 to 75].
“Mean + SD; Bold: significant.

*OR[IQR] for age (<15/>15, 6.7 [2.8, 16.1]).; **OR [IQR] for outcome (deaths/discharge, 11.5 [1.5, 87.7]).

Alcohol beverage exposure cases only

For cases of alcohol beverage poisoning (i.e., nonhand sanitizer
exposure cases), we also recorded the time elapsed between con-
sumption and hospital presentation (if available), previous history of
alcohol consumption, serum methanol and EtOH levels (if available),
the need for hemodialysis, and the number of hemodialysis sessions
required per patient.

Data analysis

Data were analyzed using R3.3.1 software (R Foundation for
Statistical Computing). For quantitative variables, the distribution of
the data was examined using Shapiro-Wilk test. Independent T-test
was applied if variables were normally distributed. Mann-Whitney U
test was used for nonnormally distributed data. For qualitative data,
Chi-square or Fisher's exact test was applied, all at a point of sig-
nificance of p < 0.05. Odds ratio (95% Cl) was applied to show the
measures of association and related precision.

Ethics approval

This study was approved by our local ethics committee in Shahid
Beheshti University of Medical Sciences (reference code: IR.SBMU.
RETECH.REC. 1399.1336; project code: 24276). All study proce-
dures were performed in accordance with relevant guidelines and

regulations.

RESULTS
Identification of eligible cases

We assessed patients for their eligibility after receiving data from the 9
referral centers and LMO (see Table 1). During the study period (2020,
during COVID-19) and the reference period (2019, pre-COVID-19), a
total of n = 8605 pediatric poisoning cases were reported, including
577 alcoholic beverage and hand sanitizer exposures (6.7%; Table 1).
Out of these 577 cases, 375 cases occurred in during the 2020 study
period and 202 cases during the 2019 reference period.
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In total, the LMO reported 23 deaths from methanol poisoning,
of which 22 deaths occurred in 2020 and one in 2019.

Among the 22 deaths that occurred in 2020, six deaths could be
matched to the hospital records. Among the remaining 16 methanol
poisoning deaths that were registered by LMO in 2020, two deaths
happened at home, and 14 occurred in other hospitals in the country
(see Table 2; Figure 1).

Among these 375 alcoholic beverage exposures, which occurred
during COVID-19, full records (hospital data and LMO) were avail-
able for 172 cases (150 survivals + 22 deaths) and included in the
study. For these 172 cases, hospital data only were available for the
150 surviving cases. For six deaths (matched cases), hospital and
LMO data were available, whereas for the remaining 16 deaths hos-
pital records were not available to us (i.e., did not occur at the nine

referral centers).

Comparison of prevalence rates during COVID-19
versus pre-COVID data

The number of alcoholic beverage and hand sanitizer exposures was
significantly higher (OR 1.9; 95% Cl 1.6, 2.2; p < 0.001) during the
COVID-19 pandemic (n = 375) compared to the 2019 reference pe-
riod (n = 202; Table 1).

In addition, the number of alcoholic beverage exposures during
the first 2 months of COVID-19 pandemic (February 23 to April
22; n = 99) was significantly higher (p < 0.001) than during the last
2 months of the study period (April 23 to June 22; n = 19; see Table 3).
The rates of hand sanitizer exposures did not differ by month.

Route, amount, and cause of exposure

Out of the 172 included cases for the 2020 study period (see above),

all exposures were due to ingestion. 118 were classified as alcoholic

beverage exposure, and 54 were as hand sanitizer cases (Table 2).
Most cases (72; 57.1%) were considered accidental exposure. Six

(4.8%) cases reported suicidal intent, of whom five were in the 15 to

CLINICAL & EXPERIMENTAL RESEARCH

18 years age category. The aim of ingestion was not declared in the

remaining 46 cases.

Hospital records indicated that supermarkets (44 cases), street
vendors (23 cases), and pharmacies (17 cases) were the three most
common sources where parents/guardians had purchased the alco-
holic beverages or hand sanitizers involved in pediatric exposure.

The amount of ingestion was available in 54 cases. Of whom the
median [IQR] (min, max) volume was 10 ml [5, 20] (2, 500) in youngers
and 275 [200, 500] (50, 1500) in 15 to 18 years age (p < 0.001).

Previous history of alcohol consumption was available in 100
cases. Of whom 22 (22%) have mentioned the history of alcohol
drinking in which only two children were <15 years old with odds
(95% Cl) of 037 (0.008, 0.171, p < 0.001).

Cause of exposure by age

The mean age of the patients was 10.1 + 6.8 years, ranging from
6 months to 18 years, during the COVID-19 pandemic. Among the
included 172 cases, 106 cases (61.6%) were younger than 15 years
old, and 66 cases (38.4%) fell into the 15 to 18 years of age category.

The odds of hand sanitizer exposure were 6.7 times higher (95%
Cl 2.8, 16.1) among patients younger than 15 years of age (p < 0.001;
see Table 2) when compared to 15- to 18-year-old cases.

Presentation and clinical manifestations

The time between exposure and hospital admission was available in
67 cases, with a median [IQR] (min, max) time elapsed of 6 h [2, 24]
(1, 72). The median [IQR] time elapsed was significant shorter among
<15-year-olds compared to 15- to 18-year-olds (3 h [2, 8] (range 1,
72) vs. 20 h [6, 24] (range 1, 72), respectively, p < 0.001).

Among the sample of 172 patients, 64 (37.2%) cases had gas-
trointestinal symptoms. Of the Gl symptoms, nausea and/or vom-
iting were predominant, observed in 57 of the 64 (89.1%), while
abdominal pain was claimed in 18 of the 64 (28.1%). Twenty-four pa-

tients (14%) complained of visual disturbances on arrival to medical

TABLE 3 Time-dependent hospitalizations and deaths in nine referral poisoning hospitals and LMO during the COVID-19 outbreak

(February-June 2020, n = 172)

Alcohols Hand sanitizers

Time period (n=118) (n = 54)

02/23 to 03/22 60.0 (50.8%) 18.0 (33.4%)

n (%)

03/23 to 04/22 39.0 (33.1%) 10.0 (18.5%)

n (%)

04/23 to 05/22 11.0 (9.3%)>° 14.0 (25.9%)

n (%)

05/23 to 06/22 8.0 (6.8%)*° 12.0 (22.2%)

n (%)

Significantly different from FEB-MAR.
bSignificantly different from MAR-APR.

Deaths Discharge
p-value (h=22) (n = 150) p-value
<0.001 11.0 (50.0%) 64.0 (42.6%) 0.14
9.0 (40.9%) 39.0 (26.0%)
1.0 (4.5%) 28.0 (18.7%)
1.0 (4.5%) 19.0 (12.7%)
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TABLE 4 Patients’ data during the COVID-19 pandemic by outcome

Variable Deaths (n = 22) Discharge (n = 150) p-value
Gender

Male n (%) 16.0(72.7) 96.0 (64.0) 0.423

Female n (%) 6.0(27.3) 54.0(36.0)
Age

<15 years n (%) 5.0(22.7) 101.0 (67.3) <0.001*

15 to 18 years n (%) 17.0(77.3) 49.0 (32.7)
Systolic blood pressure (mmHg) 110.0 [92.5 to 128.5]° 100.0 [100.0 to 110.0] 0.38
Diastolic blood pressure (mmHg) 72.5[67.5 to 81.2] 70.0[70.0 to 75.0] 0.36
Pulse rate (per min) 82.0+12.26 96.68 + 16.02 0.03
Respiratory rate (per min) 19.33 + 5.89 21.26 +4.45 0.32
O, saturation of room air 94.5[92.5t0 97.2] 95.0 [95.0 to 97.0] 0.31
Cr (umol/L) 167.96 [123.76 to 344.76] 61.88 [53.04 to 97.24] <0.001
Urea (mmol/L) 14.99 [12.39 to 24.88] 6.07 [3.57 to 9.28] <0.001
pH 6.9 [6.5 to 7.1] 7.3[7.2to 7.4] <0.001
HCO, (mmol/L) 5.1[3.6to0 12.8] 22.7 [15.0 to 24.0] <0.001
pCO, (kPa) 3.80 + 2.55 471 +1.25 0.42
K (mmol/L) 4.9[4.5t05.7] 4.2[3.8t04.6] 0.02
Na (mmol/L) 144.33 + 17.17¢ 138.03 + 3.11 0.41
Glucose (mmol/L) 11.99 +1.42 590+ 1.73 <0.001
Ca (mmol/L) 8.20 + 1.35 9.30 + 0.59 0.15

2Frequency (percent).

®Median [quartile 25 to 75].

“Mean + SD; Bold: significant.

*OR [IQR] for age (<15/>15, 7.0 [2.4, 20.1]).

facilities (of whom one was discharged with visual sequelae and one
died due to methanol toxicity).

GCS data were available for only 113 (66.0%) of the 172 included
cases. Of the 113 GCS recorded data, 101 (89.4%) patients were
fully awake on presentation, while the remaining 12 patients had
GCS scores between 3 and 12. Of whom seven patients underwent
tracheal intubation.

Laboratory findings

Laboratory testing revealed significant differences only in the
urea and HCO; levels between alcohol-poisoned and disinfectant-
poisoned patients (both p values were 0.02; Table 2). Of note, there
were significant differences in creatinine, urea, pH, HCO,, serum
potassium, and serum glucose between the patients who recovered
and those who died due to intoxication. Nonsurvivors had elevated
mean glucose level (11.99 vs. 5.90 mmol/L), a lower pH, HCO, and
pulse rate, and a higher level of potassium, urea, and creatinine com-
pared to the survivors (Table 4).

Due to the lack of laboratory facilities in our hospitals, methanol
and EtOH concentrations were recorded in only 35 and 12 cases, re-
spectively. The median [IQR] levels were 0.27 [0.02, 0.92] (range: O to
6.36) mmol/L methanol and 1.95 [1.52, 11.50] (range: 0.65 to 37.97)

mmol/L EtOH. Fatal cases had a higher level of methanol concentra-
tion compared to survivors (median [IQR] of 1.86 [0.48, 5.02] (range: O
to 6.36) and 0.22 [0.02, 0.64] (range: 0.09 to 3.74) mmol/L; p = 0.017).

Treatment and follow-up

Thirty-one out of 156 hospitalized patients (19.9%) were dialyzed, of
whom six were dialyzed twice due to persistent metabolic acidosis or
visual disturbances concomitant with metabolic acidosis. The major-
ity (25 cases; 80.6%) of hemodialysis was done on 15- to 18-year-old
cases with an odds (95% Cl) of 12.0 (4.3, 34.0; p < 0.001).

Intubation was done in seven cases, of whom six died. All
150 survivors were discharged with no sequelae, except for two
cases. In one case, gastrointestinal hemorrhage occurred, and the
other case had visual sequela. Patients younger than 15 years (101;
67.3%) were more likely to recover completely and be discharged
than 15- to 18-year-olds (49.0; 32.7%; p < 0.001).

Clinical outcome

During the study period, 22 patients died. Twenty-one cases died
from methanol poisoning (due to alcoholic beverage ingestion),
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while 1 case died from ingestion of hand sanitizers. Fatal outcome
was 11.5 times more common (95% Cl 1.5, 87.7) in those who were
exposed to alcohols rather than those exposed to hand sanitizers
(p < 0.001, Table 2). Two of the 22 deaths recorded by LMO oc-
curred in the prehospital setting, that is, at home before receiving
any medical care. Six deaths occurred among 156 patients treated in
the nine referral toxicological centers in this study (case fatality rate
of 3.8%), of whom two had no opportunity to undergo hemodialysis
as they deteriorated extremely fast after admission. One other in-
hospital death occurred in a patient who was referred fully awake
with headache and visual disturbances, but his condition gradually
worsened, resulting in death.

Median [IQR] (min, max) duration of hospital stay was 24 h [12,
48] (6, 72).

The number of dead cases was 17 (77.3%) in 15- to 18-year-olds
versus 5 (22.7%) in 0- to 15-year-olds (Table 4).

DISCUSSION

Our findings show that the rate of pediatric exposure from inges-
tion of alcoholic beverages and hand sanitizers was significantly
increased in Iran during the first 4 months of the COVID-19 pan-
demic, compared to the same period in the previous year. In total,
22 children and adolescents died of methanol poisoning during the
COVID-19 pandemic in Iran, of whom 20 died in hospitals and two
died in the community before arriving at a treatment center.

Methanol outbreaks during the COVID-19 pandemic were not
confined to Iran. In the United States, the CDC reported that between
May and June 2020, 15 adult patients in Arizona and New Mexico
had ingested alcohol-based hand sanitizers and were subsequently
admitted to a hospital. Four patients died and three were discharged
with vision impairment (Yip et al., 2020). There were also reports of a
methanol poisoning outbreak in Turkey with 63 deaths within 11 days,
likely from counterfeit alcohol (Dag & Kara Aydin, 2020). However, to
the best of our knowledge, no pediatric cases of methanol poisoning
during COVID-19 have been reported outside of Iran.

The pediatric exposures in our study co-occurred with the
spread of misinformation on Iranian social media at the start of the
pandemic, suggesting that ingesting alcohol or hand sanitizers to
“wash” the gastrointestinal tract could protect against COVID-19.
Most poisoned children and adolescents were referred during the
initial 2 months of the COVID-19 epidemic in Iran (February 23 to
April 22), and, not surprisingly, most patients died during this period.
The prevalence of exposures decreased after the Iranian methanol
outbreak (which affected adults, adolescents, and children) received
substantial media attention in March/April 2020.

Among the pediatric exposure cases in our study, almost two-
thirds (62%) were younger than 15 years old, with the remainder
(38%) being 15 to 18 years old. The odds of hand sanitizer expo-
sure were higher in those younger than 15 years, whereas alco-
hol poisoning and fatal outcome were more common in 15- to

18-year-olds.

Our high rates of hand sanitizer exposure among under
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15-year-olds may reflect the fact that households were stockpiling
hand sanitizers at the start of COVID-19, which may have posed
increased risk for unintentional toxicity among children (Hakimi &
Armstrong, 2020). Disinfectant represents a common source of pe-
diatric exposure, as many hand sanitizers contain up to 60 to 95%
EtOH or isopropyl alcohol and often have artificially added scents
that might be appealing to young children (Santos et al., 2017). For
instance, a total of 70,669 hand sanitizer exposures in children aged
<12 years were reported to the National Poison Data System in the
United States during 2011 to 2014 (Santos et al., 2017).

Children are prone to experiencing complications from uninten-
tional/accidental poisoning. Children are naturally curious and un-
aware of the consequences of exposure to toxic agents. Compared
to adults (and adolescents), young children generally have a lower
body weight and are therefore more vulnerable to exposure to such
products, resulting in more severe intoxications (Peden et al., 2008;
Yip et al., 2020).

It is generally assumed that young children, including infants, are
at greater risk of developing complications from alcohol intoxication
than older children and teenagers. Young children have decreased
liver glycogen stores, which increase their risk of developing hypo-
glycemia, and have various pharmacokinetic parameters that make
them more susceptible to development of alcohol toxicity (Madsen,
1990).

However, in our study, 15- to 18-year-olds, although fewer in
number, had worse prognosis than under 15-year-olds. This is pos-
sibly because under 15-year-olds were exposed unintentionally to a
lower amount of hand sanitizers and admitted sooner as they were
under the care of adults, whereas 15- to 18-year-olds deliberately
ingested alcoholic beverages (and in larger volume) and were admit-
ted later. These prognostic factors have already been discussed in
the literature (Kalkan et al., 2003). We could detect only 1 death due
to hand sanitizers in the current study. The possibility of more EtOH
concentrations in hand sanitizers, less ingested volume, and early ad-
mission through caring parents may explain lower mortality rate in
nine referral centers (one out of 103 = 1%) in children under 15.

Accordingly, five out of the six cases who reported suicidal intent
were in the 15- to 18-year age category, including one fatal case
(age: 17 years). The fatality rate of this group was five out of 53 cases
(9.4%), which is similar to the average mortality of 9 to 14% in the
current outbreak in the whole population (Hassanian-Moghaddam
et al., 2020). The higher metabolic acidosis in older children, the
more evidence in favor of methanol poisoning with need for hemo-
dialysis and higher mortality rate.

Our results support early findings by Gormley et al. who showed
that older children were more likely to report intentional ingestion
and to have adverse health effects and worse outcomes compared
to younger children (Gormley et al., 2012).

Our study has several limitations. We requested data from 12
academic centers, but only nine centers agreed to cooperate with us.
Our data are therefore likely not representative of the entire coun-
try. Also, due to the retrospective nature of the study, we had to
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contend with missing data. Another limitation concerned the lack
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of measurement of serum methanol and EtOH levels in most cases,
even though we tried to compensate by evaluating VBGs and pa-
tients’ clinical presentation.

Acute methanol and EtOH intoxication may be indistinguish-
able early on, which suggests a risk of misclassification bias. Future
research should focus on how monitoring of alcohol products and
early warning systems can be established to prevent further toxic

alcohol outbreaks.

CONCLUSION

COVID-19 misinformation at the start of the pandemic in Iran
was associated with poisonings from alcoholic beverage and
hand sanitizers in children and adolescents, resulting in at least
22 fatalities in this age group. Parents need to be educated about
the correct use of alcoholic sanitizers, with adult supervision and
proper child safety precautions to prevent unintended adverse
consequences.

Physicians should be trained to recognize the clinical manifes-
tations of poisoning from toxic alcohols in order to initiate timely
treatment and prevent long-term morbidity or mortality.
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