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A B S T R A C T

Background: High-intensity lights emit ultraviolet (UV) radiation and are suitable for usage in outdoor settings.
Prolonged exposure to UV light causes photokeratitis of the eye. Mid-March 2018, we noted reports of blurred
vision among school event attendees in a village in South India. We investigated to confirm the diagnosis and
identify reasons.
Methods: A team of ophthalmologists confirmed the diagnosis. We defined the case as the occurrence of any eye-
related symptoms among the school event attendees post-event. We described the cases by time of symptom
onset, seating place during the event and type of attendee. We interviewed the cohort of the event attendees for
potential exposures. We calculated relative risk (RR) and 95% Confidence Intervals (CIs) by comparing the
incidence of photokeratitis by seating location of the participants from the event dais (where mercury vapour
and metal halide lights were fixed) and duration of exposure.
Results: Of 180 attendees, we interviewed 154 (86%) (excluded four with prior eye diseases) and 111 of them
had photokeratitis (74%). Incidence of photokeratitis was higher among those seated within 6 m from event dais
(93%, 102/110) than the rest (23%, 9/40; RR = 4.1; 95% CI = 2.3 to 7.3) and among those having more than an
hour of exposure (82% vs. 21%; RR = 3.9; 95% CI = 1.6 to 9.3).
Conclusion: Photokeratitis outbreak among school event attendees in South India was due to exposure to UV
light from indoor lights used during the event. We recommended restriction of usage of such lights for indoor
events through awareness campaigns and guidelines.

1. Introduction

Ultraviolet (UV) irradiation is one of the several environmental
hazards that may cause inflammatory reactions in eyes, especially
cornea. In day-to-day life, everyone is exposed to ultraviolet radiation
(UVR). The natural source of UVR is sunlight. Other artificial sources of
UVR include sun-tanning beds, welding arcs, photographic flood lamps,
lightning, electric sparks, and halogen desk lamps. Ultraviolet (UV)
light exposure can cause both erythema and conjunctivitis.1

UVR is electromagnetic radiation in wavelengths ranging from 100
to 400 nm and is divided into three bands: ultraviolet A (UVA)
(315–400 nm), ultraviolet B (UVB) (280–315 nm), and ultraviolet C
(UVC) (100–280 nm). Shorter wavelengths of UVR have more energy,

and this higher energy raises the potential for ocular damage.2 Photo-
keratitis is a clinical entity characterized by damage to the corneal
epithelium due to exposure to UV light from natural or artificial
sources. Clinical features of photokeratitis are ocular pain, redness in
the eye, photophobia (blepharospasm), foreign body sensation, tearing
and blurred vision typically appearing 4–12 h after UV light exposure.3

Photokeratitis is also known as UV keratitis, welder's keratitis and snow
blindness.4

On March 17, 2018, local press reported about 100 persons affected
with blurred vision following attendance at a school event on March 16,
2018, at Eruvadi village, Tirunelveli district, Tamil Nadu State in South
India. In response, the State Directorate of Public Health and Preventive
Medicine deputed its trainee officer undergoing Field Epidemiology
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Training Program (FETP) at ICMR-National Institute of Epidemiology
(NIE) for investigations in collaboration with the local health officials
and the ophthalmologist from the medical college. The team in-
vestigated the episode to confirm the diagnosis, describe cases by time,
place and person and identify the risk factors.

2. Methods

We identified cases through a medical camp in the village. A team of
ophthalmologists consisting of two senior ophthalmologists and two
junior residents diagnosed the cases by ophthalmic examination in the
medical camp. Initially, all the ophthalmologists examined a few cases
and arrived at the diagnosis of photokeratitis by consensus based on the
clinical presentation and history. Subsequently, they devised an

operational case definition to diagnose cases individually. In the event
of doubt, they discussed with each other and arrived at a diagnosis.
They carried out slit lamp examination and fluorescein staining for
those with severe forms of disease. We operationally defined the case
with inputs from the ophthalmologists as the occurrence of redness or
photophobia or tearing or foreign body sensation or swelling of eyelids
or eye pain among the school event attendee since 2 PM (IST) on Mar
16 onwards. We generated a list of event attendees by interview of key
stakeholders to collect the information on age, gender, seating location
during the event, duration of exposure and time of occurrence of eye-
related symptoms. We calculated the incidence by age, gender, type of
attendee, seating location during the event and duration of exposure by
using the appropriate denominators. We drew an epidemic curve based
on the time of onset of symptoms. We plotted the cases by their seating

Fig. 1. Description of the place of school event that led to photokeratitis (A) and distribution of cases of photokeratitis by their seating place among event attendees
(B), Eruvadi village, Tirunelveli district, Tamil Nadu, South India, March 2018.

Fig. 2. Incidence of photokeratitis among attendees of school event by the time of onset of signs and symptoms, Eruvadi village, Tirunelveli district, Tamil Nadu,
South India, March 2018.
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place during the event. We generated the hypothesis based on the de-
scriptive epidemiology, interview of the key informants and non-event
attendees. We conducted a retrospective cohort study of the school
event attendees to test the hypothesis of photokeratitis following ex-
posure to unsafe lights used during the event. We computed relative
risk (RR) and 95% confidence interval (CI) by comparing attack rates by
their seating location during the event and duration of exposure to
lights. We calculated the fraction of cases attributable to the exposure in
the population (Population attributable risk [PAR]) using the classical
formula: the proportion of cases exposed multiplied by the attributable
fraction among exposed (RR-1/RR).

3. Results

The indoor school event occurred on March 16, 2018 from 2 PM
(IST) to 5.30 PM (IST) in a hall with a thatched roof of 78 square meter
area (11.6 m × 6.7 m). The room was mounted with a mercury vapour
lamp and one metal halide light at 2.4 m height in the crossbeam (Fig. 1
(A)).

We generated the list of 180 school event attendees based on the
information gathered from the key informants. We examined and in-
terviewed 154 (86%) event attendees and 33 non-event attendees in the
medical camp on 18 March 2018. The ophthalmologists ascertained the
clinical outcomes whereas the field epidemiologist obtained exposure
history. We could not interview remaining 26 (14%) event attendees
due to their non-availability or inability to reach over the phone. The
interviewed attendees were not different from those who could not be
interviewed by age and gender. None of the 33 non-event attendees
developed a similar disease. Of the 154 event attendees examined, we
excluded 4 (3%) having pre-existing ocular diseases. Of the remaining
150, 74% developed photokeratitis (111/150). Eleven (7%) developed
symptoms in the first 1 h following the event (Fig. 2).

More than 80% (89/111) complained of redness, photophobia and
foreign body sensation and 18 complained of blurred vision. Based on
the clinical severity and symptoms, the ophthalmologists identified 11
patients with severe forms of the disease and carried out slit lamp ex-
amination and punctate staining of the corneal epithelium through

fluorescein. Four cases developed corneal erosion. After 72 h, 95% of
the case-patients became normal. We gathered from the key informants
that during the school event that neither food/beverages were served
nor there were smoking/fogging related activities happened. Further,
they did not report the development of illness among the non-attendees
of the event.

The age-specific attack rate was 80% among those above 30 years
(28 of 35) and 72% among the children aged 5–13 years (58 of 81)
(Table 1). Seven of 10 children (who were siblings of the school chil-
dren) under 5 years of age had photokeratitis. The attack rate was the
highest among the school children and did not differ by gender
(Table 1).

The attack rate was higher among those seated within 6 m from dais
(93%; 102 of 110) than the others (23%; 9 of 40; RR = 4.1; 95%
CI = 2.3 – 7.3; PAR = 70%) (Fig. 1(B)). Further, the attack rate was
significantly higher among those having more than one hour of ex-
posure to the indoor lights (82%; 107 of 131) as compared to others
(21%; 4 of 19; RR = 3.9; 95% CI = 1.6 to 9.3; PAR = 72%) (Table 2).
During the investigations, we identified that the organizers had used
unshielded 400 Watt mercury vapour light and metal halide light.

The Ophthalmologists treated the case-patients with the artificial
tears and cycloplegic eye drops. Four case-patients with corneal erosion
were referred to the tertiary care hospital. All these patients were fol-
lowed-up until their complete recovery.

4. Discussion

We confirmed an outbreak of photo (or UV) keratitis among the
attendees of a school event in a remote locality in South India. We
identified that photokeratitis was due to exposure to unshielded mer-
cury vapour and metal halide lights used during that indoor event.

Mercury vapour and metal halide bulbs are bright and long lasting
light sources used to illuminate outdoors like a stadium, park and
gymnasium.5 Metal halide lamps generate an intense light from an an
electric arc that travels through a mixture of mercury and metal halide
gases. Metal halide lamps are approximately the same colour and
temperature as the Sun at noon (6000 K), and like other high-intensity
discharge lamps which contain mercury, generate ultraviolet light. In
routine practice, metal halide light should be used along with a UV
safety glass cover. Exposure to unshielded or broken metal halide lamps
poses a risk of photokeratitis for exposed individuals.5

Mercury vapour light has an inner quartz tube which contains
mercury discharge and outer glass tube which filters out the harmful
UV radiation.5 The bulb with a broken outer tube or unshielded inner
tube emits the UV radiation which causes eye-related symptoms and
skin burns.5,6 Photokeratitis can occur with continued natural sunlight
exposure.7 Previous outbreaks of photokeratitis have been reported
subsequent to exposure to mercury vapour lamps and metal halide
lamps.6–12 In India, the first outbreak of photokeratoconjunctivitis as-
sociated with damaged metal halide lamps in the outdoor gathering was
reported in 2016.13 Our report may be the first report of photokeratitis
due to the indoor exposure to unshielded mercury vapour and metal
halide lights from South India. The association between exposure to
high-intensity lights and photokeratitis meets most of the Hill's gui-
dance points on causality. These include the strength of the association

Table 1
Attack rate (%) of photokeratitis among attendees of school event by age,
gender and types of attendees, Eruvadi village, Tirunelveli district, Tamil Nadu,
South India, March 2018.

Characteristics Cases (n) Attendees (N) Attack rate (%)

Age group (in years) < 5 7 10 70
5–13 58 81 72
14–30 18 24 75
> 30 28 35 80

Gender Male 43 58 74
Female 68 92 74

Types of attendees Students 60 86 70
Teachers 5 5 100
Spectators 46 59 78

Total 111 150 74

Table 2
Attack rate (%) of photokeratitis by selected risk factors, Eruvadi village, Tamil Nadu, South India, March 2018.

Risk factors Incidence of photokeratitis Relative risk (RR) 95% Confidence interval

Among exposed Among unexposed

# Total % # Total %

Seated within 6 m from the dais 102 110 93 9 40 23 4.1 2.3–7.3
More than 1 h exposure to indoor lights 107 131 82 4 19 21 3.9 1.6–9.3
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that was statistically significant, temporality and consistency with that
of results from published studies. Further, three-fourth of the cases in
the population were explained by the indoor light exposure alone.
However, the association with long-term sequelae such as corneal
neuropathy needs further documentation.14

5. Limitations

Our study findings could suffer from a few limitations. Firstly, bias
in the selection of participants could have led to under-estimation of the
attack rate. This could be due to interview of 86% of the total number of
event attendees and the voluntary nature of attendance at the medical
camp. However, due to the serious nature of the illness and the kind of
attention generated by the event, it is unlikely that “case-patients”
would not have sought attention and we failed to include them.
Therefore, it is less likely that we would have under-estimated the in-
cidence as well as the strength of association. Secondly, we could have
had information bias for the ascertainment of exposure as well as the
outcome. For instance, the seating place of the participant might have
introduced non-differential misclassification. This error could have led
to under-estimation of the strength of the association. However, despite
such bias, the magnitude of the association was beyond chance.
Misclassification of outcome (photokeratitis) by the ophthalmologists is
less likely since the exposure status of case-patients was independently
ascertained by the trainee officer. Finally, we could not confirm pho-
tokeratitis in all the cases through slit-lamp examination and that may
introduce a lack of objectivity. However, we could establish the epi-
demiological linkage between the confirmed cases and the rest in terms
of clinical features and the epidemiological features of the onset of the
event by the person (among school event attendees), time (short
duration) and place (within the village). Therefore, misclassification of
outcomes may have been limited in nature. Overall, the evidence based
on epidemiological linkage was sufficient to warrant public health ac-
tion.

6. Conclusion(s)

Based on findings, we confirmed that the occurrence of photo-
keratitis among school event attendees in South India was associated
with exposure to unshielded mercury vapour lamp and metal halide
lamp used during the event. In India, metal halide lamps are routinely
used for large events in stadium, auditorium and convention halls.
Currently, there are no guidelines exist to regulate the lights usage and
exposure in India. In the absence of any guidelines, based on the out-
break experience, we drafted guidelines for adoption by state health
authorities. In the draft guidelines, we recommended restricting usage
of high-intensity lights to indoor events through awareness campaigns
and enforcement of guidelines. Disease surveillance system usually
have a focus on communicable diseases, therefore, need to have the
flexibility to incorporate rapid identification and reporting of such
events.
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