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Abstract

Objectives To evaluate the etiological cause distri-
bution in chemical eye injuries during COVID-19
pandemic.

Methods In this retrospective case series, the med-
ical records of patients, who presented with chemical
eye injuries between March 30, 2020, and March 1,
2021, were evaluated and compared with the data
covering 10 years before the pandemic.

Results Twenty-seven eyes of twenty-three patients
(19 adults, 4 children) who presented in pandemic
period were included. Alcohol-based hand sanitizer
was one of the two most common agents (n = 6 eyes)
in the pandemic era. In the last 10 years before the
pandemic, 137 eyes of 102 patients were treated for
chemical eye injuries. Injuries due to alcohol-based
hand sanitizer increased from 3.1 to 21.1% among all
patients, and from 0 to 75% among pediatric patients
during the pandemic era compared to the pre-pan-
demic period. The increase was statistically significant
both in all patients (p = .003) and in the pediatric
patient group (p = .048).

Conclusion Due to COVID-19 pandemic, alcohol-
based hand sanitizer use became more common.
Consequently, the frequency of hand sanitizer related
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chemical injuries showed a 13-fold increase and the
age group affected by such accidents is altered during
the pandemic. Three out of four pediatric patients
(75%) were injured with alcohol-based hand sanitiz-
ers, which draws attention to the fact that improperly
placed hand sanitizer stations, being just at the eye
level of children, can cause chemical eye injuries in
the pediatric population even more.
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Introduction

Chemical burns of the eye represent potentially
blinding ocular emergencies that require immediate
and intensive treatment [1]. They are responsible for
approximately 11.5 to 22.1% of the ocular injuries [2].
Depending on the nature of the chemical agent and the
duration of exposure, the severity of the injury can
range from mild to extensive damage to the eye [3]
Various prognostic classification schemes are avail-
able based on the extent of the ocular damage [4, 5].

In December 2019, a cluster of pneumonia cases
were reported in Wuhan, China [6]. World Health
Organization (WHO) later named the disease COVID-
19 which was declared as a pandemic on 11 March,
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2020 [7]. Since then, various preventive strategies
have been developed to reduce the contamination of
the COVID-19 virus all around the world, using hand
sanitizer being one of them. The accidental exposure
of the hand sanitizers to ocular surface especially in
pediatric population can cause ocular chemical burns
since it contains a number of chemicals and irritants.

In the present study, it is aimed to investigate the
changes in the etiological causes of chemical eye
injuries and to evaluate the increase in alcohol-based
hand sanitizer induced chemical eye injuries during
the COVID-19 pandemic.

Methods

In this retrospective case series, the medical records of
patients, who admitted with chemical eye injuries
between March 30, 2020, and March 1, 2021, were
evaluated and compared with the data covering
10 years before the pandemic.

This study was approved by Institutional Ethics
Committee and was conducted in accordance with the
Declaration of Helsinki.

Demographic and clinical data including age, gender,
chemical injury agent, time interval between injury and
presentation, type of the treatment (medical, amniotic
membrane transplantation, limbal stem cell transplant,
penetrating keratoplasty) were obtained from patients’
medical records. At the initial and the final visits,
ophthalmologic examination findings such as best
corrected visual acuity (BCVA), size of the epithelial
defect, presence of limbal stem cell deficiency, con-
junctival involvement and secondary ocular complica-
tions were collected according to medical records and
anterior segment photographs of the patients. The
degree of chemical injury at presentation was graded
according to “Dua classification””, from grade 1 to 6,
based on the limbal and conjunctival involvements.

Patients that whose visual acuity could not be
evaluated objectively, clinical ophthalmological
examination could not be performed under optimal
conditions, and patients whose examination and
treatment records were not kept properly were not
included in the study.

Statistical analysis for the data obtained from the
study was performed using SPSS v.20.0 (IBM Co.
Armonk, NY, USA). A p value of <0.05 was
considered as statistically significant.
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Results

Twenty-seven eyes of 23 patients (19 adults, 4
children) with chemical eye injury were included in
the study. The mean age of the patients was
33.2 £ 16.4 (range, 4-76) years with a female to
male ratio of 4/19. Unilaterality and bilaterality ratios
of injury were 82.6% (n:19) and 17.3% (n:4). All
patients included in the study presented within the first
24 h of injury. The average admission time to hospital
was 4.79 £ 6.28 (range 0.5-23) hours.

Eight eyes were injured with alkaline, and ten eyes
were injured with acidic substances. The most com-
mon causative chemical agents were hydrochloric acid
(n=6 eyes, 22.2%) (cleaning agents, industrial
materials) and alcohol-based hand sanitizers (n = 6
eyes, 22.2%). Other causative agents were: calcium
hydroxide (n =3 eyes, 11.1%), sodium hydroxide
(n =3 eyes, 11.1%) (bleach, airbag), paint thinner
(n =2 eyes, 7.4%), hydrofluoric acid (n =2 eyes,
7.4%), other rare causes (n = 5 eyes, 18.6%). Only 4
children were present among the injuries and 3 of them
were injured with alcohol-based hand sanitizers.

According to Dua classification, six eyes (22.2%)
had grade 6; 2 eyes (7.4%) had grade 5; 6 eyes (22.2%)
had grade 4; 8 eyes (29.6%) had grade 3; and 5 eyes
(18.6%) had grade 1 chemical injuries. During the
course of the injury, limbal stem cell deficiency
occurred in 8 (29.6%) eyes. Elevated intraocular
pressure was detected in only one eye which was
controlled with topical anti-glaucomatous drop.
Amniotic membrane transplantation was performed
in 1 (3.7%) eye with Dua grade 6 ocular burn in order
to manage the recurrent epithelial defect and prevent
subsequent perforation. Symblepharon surgery was
required in 1 (3.7%) eye. Mean BCVA was
0.40 £ 0.52 (range, 0-1.30) logMAR at the initial
exam and increased to 0.07 & 0.52 (range, 0-3.10)
logMAR at the last visit. Mean follow-up time was
25.88 (range, 4-90) days.

In order to evaluate the effect of the COVID-19
pandemic on the etiology of ocular chemical injuries,
the data of chemical eye injury patients who applied in
the last 10 years before the pandemic were also
analyzed. In the last 10 years before the pandemic
(2010-2019), 137 eyes of 102 patients were treated for
chemical eye injuries. The mean age of the patients
was 42.6 £ 17.5 (range, 7-85) years with a female to
male ratio of 16/86. 35 patients (34.3%) had bilateral
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injury. 65 eyes (47.4%) were injured with alkaline and
55 (40.1%) eyes were injured with acidic substances.
The most common causative chemical agents were
hydrochloric acid (n =38 eyes, 27.7%) (cleaning
agents, industrial materials) and calcium hydroxide
(n =29 eyes, 21.2%). Other causative agents were:
sodium hydroxide (n =24 eyes, 17.6%), sodium
hypochloride (n = 6 eyes, 4.4%), sulfuric acid (n = 6
eyes, 4.4%), paint thinner (n = 6 eyes, 4.4%), ammo-
nia (n = 5 eyes, 3.6%), nitric acid (n = 5 eyes, 3.6),
alcohol-based hand sanitizers (n =5 eyes, 3.6%),
other rare causes (n = 13 eyes, 9.5%). According to
Dua classification, 25 eyes (18.2%) had grade 6; 24
eyes (17.5%) had grade 5; 22 eyes (16.1%) had grade
4; 19 eyes (13.9%) had grade 3; 21 eyes (15.3) had
grade 2; and 26 eyes (19.0%) had grade 1 chemical
injuries.

In our data of the last 10 years before pandemic,
only 3 patients were injured with alcohol-based hand
sanitizers and all of them were healthcare workers. On
the other hand, 4 patients were injured with alcohol-
based hand sanitizer during the pandemic period and
none of them were healthcare workers. The annual
frequency of alcohol-based hand sanitizer injury was
found to be 0.3 before the pandemic whereas 4 in the
pandemic era. When we compare the last 10 years
before the pandemic with the pandemic period,
alcohol-based hand sanitizer related injuries increased
from 3.1 to 21.1%, and the increase was found to be
statistically significant (p = 0.003) (Table 1).

In a subset analysis of pediatric patients, we found
that only 5 children were injured in the last 10 years
before the pandemic and none of them (0%) were
injured with alcohol-based hand sanitizers. However,
in the pandemic era, although it is a single year, 4
children presented with ocular chemical injury and
three of them (75%) were injured with alcohol-based
hand sanitizers. When the two periods were compared,
the increase in alcohol-based hand sanitizer related
injuries in the pediatric patient population was also
significant. (p = 0.048) (Table 1).

In the last 10 years before the pandemic, a total of 5
children presented with chemical eye injuries, while in
the pandemic period, in a single year, 4 children
presented with chemical eye injuries. The pandemic
increased the annual frequency of pediatric ocular
injuries 0.5 to 4. A statistically significant increase in
pediatric chemical eye injuries was found between the
two periods (p = 0.036) (Table 1)

There was no significant difference between the
pandemic and pre-pandemic periods for neither the
severity of the chemical injury nor the etiological
factors except the increase in alcohol-based hand
sanitizer injuries.

Discussion

The world is facing a medical crisis due to the COVID-
19 pandemic. The role of adequate hygiene and use of
personal protective equipment in controlling the
spread of infection in public places and healthcare
institutions is inevitable [6, 7] COVID-19 infection
may affect the eye and usually manifests with
conjunctivitis-like symptoms such as redness, dis-
charge and irritation [8] Ocular transmission of the
virus through tears and conjunctival secretions is an
alternative way of transmission and public awareness
has been raised on this issue [9] Poyser et al. [10]
reported a significant reduction in the number of
infective conjunctivitis during the COVID-19 era.
This can be explained by the fact that increased
hygiene and social distance measures prevent the
transmission of other conjunctivitis etiologies as well
as the COVID-19 virus.

Although personal protective measures are crucial
to prevent viral contamination, they can lead to
unintended accidents with devastating complications
if not used accurately and carefully. Sengillo et al.
[11], reported photokeratitis in 7 patients due to
inappropriate use of germicidal UV lamps as personal
protective equipment against COVID-19 virus. The
frequency of using hand sanitizer has also increased
significantly during the pandemic [12] Lifestyle
changes by the increased external use of sanitizing
agents including hand sanitizers that contain various
kind of chemicals may cause accidental mucous
membrane irritations just as in the ocular surface.

Ocular chemical injury results from exposure of the
ocular surface to corrosive substances. The causative
agents can be alkaline, acidic, or neutral [1-3]
Alkaline injuries are more common than acidic
injuries due to their ubiquity in common industrial
and household cleaning agents. Neutral chemical
agents are the least common ones in this group [13]
As presented in this study, contrary to the literature
and our data for the last 10 years before the pandemic,
neutral causes became more common during the
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Table 1 Variables for ocular chemical eye injuries in pre-COVID era and COVID era

Variables Pre-COVID Era COVID Era p value
Number of patients (n (%)) 102 (81.6%) 23 (18.4%)

Gender (n (%))

Male 84 (82.4%) 19 (82.6%)

Female 18 (17.6%) 4 (17.4%) 0.977
Ages

Child (< 18 years) (n (%)) 5 (4.9%) 4 (17.4%) 0.036%*
Adult (> 18 years) (n (%)) 97 (95.1%) 19 (82.6%)

Chemical agent (n (%))

Alkaline 49 (48.0%) 8 (34.8%)

Acid 37 (36.3%) 7 (30.4%)

Other/mixed 16 (15.7%) 8 (34.8%) 0.107
Chemical agent Alcohol based — hand sanitizer subtype (n (%))

Child 0 (0%) 3 (75%) 0.048*
Total 3 (3.1%) 4 (21.1%) 0.003*

*p < 0.05 was considered significant

pandemic era due to the increased use of alcohol-based
hand sanitizers a neutral chemical agent. Conse-
quently, there is a shifting trend in the etiology of
ocular chemical injuries.

While alkaline agents penetrate to the deeper
structures of the eye, acid and neutral agents influence
more superficial layers of the ocular surface [13]. In
the present study, most of the neutral agent related eye
injuries (66.6%) were occurred with alcohol-based
hand sanitizer. The US Food and Drug Administration
recommendation for alcohol-based hand sanitizer is
60 to 95% ethanol or isopropanol concentration [14].
Although alcohol is widely used in surgical procedures
in ophthalmology, it is known to have a serious toxic
effect on the ocular surface. As with all other corrosive
agents, the cytotoxic effect of alcohol has also been
reported to be related to its concentration [15].
Consequently, higher alcohol percentage of the hand
sanitizer may have broader effect on eye and cause
devastating complications such as limbal stem cell
deficiency [16] In the present study, all alcohol-based
hand sanitizers contained 70% ethyl alcohol and most
of the eye injuries (70.3%) with alcohol based hand
sanitizer presented with mild to moderate grade of
chemical injury. These patients had better clinical
outcomes which is possibly related with the relatively
lower alcohol concentration.

@ Springer

As well documented, the prognosis of severe eye
injuries tends to be poorer and the incidence of
developing limbal stem cell deficiency (LSCD) is
higher in these eyes [4, 12]. LSCD occurs due to
impairment of the barrier function of limbus and is
characterized with corneal neovascularization and
opacification. Surgical treatment is indicated in the
advanced stages of the LSCD. Limbal stem cell
transplantation is an effective technique to achieve
stable and avascular ocular surface [17, 18] Ozek et al.
[19], performed limbal stem cell transplantation in 17
eyes with chemical burns and achieved success in 15
(88.2%) eyes. In the present study, the LSCD was
present in 29.6% of the eyes and all of them were in
mild stage; consequently, limbal stem cell transplan-
tation was not indicated.

Au et al. [12] stated that before the COVID-19
outbreak, hand sanitizer-related injuries were extre-
mely rare and often occurred in healthcare workers
while on duty. In consistent with the literature, in our
clinic, sanitizer-related ocular injury was present in
only 3 patients (n = 5 eyes) before the last 10 years
and all of them were healthcare workers. However, the
frequency of hand sanitizer-related chemical injuries
showed a 13-fold increase and the age group affected
by such accidents is altered during the pandemic.

The incidence of chemical eye injury in the
pediatric population is lower than in the adults [20].
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Recently, hand sanitizer—induced ocular injury in
pediatric population has been reported as a raising
trend in the literature [21, 22]. In line with the
literature, the frequency of pediatric chemical eye
injury patients increased eightfold during the pan-
demic period compared to the pre-pandemic period in
our data. In most public places, the hand sanitizers are
placed at a waist-level height of an adult but at
approximately eye level of a child, being approxi-
mately 85-110 cm [23]. Thus, especially children in
younger ages (3-5 years-old, 85-120 cm height) are
at a high risk of serious eye injuries due to the
accidental ocular exposure during hand sanitizing
[21, 22]. It is crucial to take some precautions to
prevent such accidents in pediatric age. In public
places, separate dispensers placed at lower levels for
children will reduce the rate of these incidents.
Children should be educated about the accurate use
of hand sanitizers and families should be aware of the
significance of chemical injuries due to hand
sanitizers.

In conclusion, during the pandemic era, the etio-
logical causes of ocular chemical injuries tend to be
altered. Alcohol-based hand sanitizer related chemical
eye injuries increased, especially in the pediatric
population.
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