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ABSTRACT

Purpose: We aimed to review available data on the incidence of herpes simplex virus (HSV) keratitis
and other HSV ocular disease and to estimate the global burden of HSV ocular disease. Methods: We
searched Medline and Embase databases to October 2020 for studies reporting on the incidence of
HSV ocular disease. Study quality was evaluated using a four-point checklist. Pooled estimates were
applied to 2016 population data to estimate global HSV ocular disease burden. Numbers with
uniocular vision impairment (any visual acuity <6/12) were estimated by applying published risks to
case numbers. Results: Fourteen studies had incidence data; seven met our quality criteria. In 2016,
an estimated 1.7 (95% confidence interval, 95% Cl 1.0-3.0) million people had HSV keratitis, based
on a pooled incidence of 24.0 (95% Cl 14.0-41.0; N = 2; I> = 97.7%) per 100,000 person-years. The
majority had epithelial keratitis (pooled incidence 16.1 per 100,000; 95% Cl 11.6-22.3; N = 3;
12 = 92.6%). Available studies were few and limited to the USA and Europe. Data were even more
limited for HSV uveitis and retinitis, although these conditions may collectively contribute a further
>0.1 million cases. Based on global incidence, some 230,000 people may have newly acquired
uniocular vision impairment associated with HSV keratitis in 2016. Conclusion: Over 1.8 million
people may have herpetic eye disease annually. Preventing HSV infection could therefore have an
important impact on eye health. Herpetic eye disease burden is likely to have been underestimated,
as many settings outside of the USA and Europe have higher HSV-1 prevalence and poorer access to
treatment.
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Introduction is associated with orolabial, ocular, and neurological

conditions.* HSV-1 is also an increasingly frequent
cause of genital infection, through oral sex.”® HSV-2 is
almost exclusively a sexually transmitted infection
which establishes latency in the sacral ganglia and is

Herpes simplex virus (HSV) exists as two types — type 1
(HSV-1) and type 2 (HSV-2). Worldwide, there are an
estimated 4.85 billion people of all ages with prevalent
HSV-1 infection." Although endemic across the globe,

prevalence varies by region, being highest in the World
Health Organization (WHO) Africa region and lowest in
the WHO Americas region." There are an estimated
836 million people aged 15 years and above with pre-
valent HSV-2 infection, with prevalence again highest in
the WHO Africa region.' Infection with HSV is life-
long, and is characterised by periodic recurrences of
disease in a proportion of those infected.>”

HSV-1 is predominately transmitted by the oral-oral
route, establishes latency in the trigeminal ganglion, and

associated with genital ulcer disease, but can occasion-
ally cause extra-genital infection.”

Ocular disease can result from a primary HSV infec-
tion of the eye or accompany a primary extra-ocular HSV
infection. However, it typically occurs following reactiva-
tion of latent infection acquired at an extra-ocular oral or
facial site.” HSV-1 is a much more common cause of
ocular disease than HSV-2.® Diagnostic testing for HSV
can be done by direct identification from lesions using
viral culture or nucleic acid amplification tests (NAAT)
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such as polymerase chain reaction (PCR), or serologically
using type-specific enzyme-linked immunosorbent
(ELISA) or immunofluorescence antibody (IFA) assays.
Molecular testing by PCR has been shown to improve
diagnostic sensitivity over clinical examination alone,
however, identification of the virus, or virus typing, is
seldom undertaken in a clinical setting, with ophthalmol-
ogists relying on pathognomonic clinical signs as the
means of diagnosing HSV ocular disease.”

HSV can affect different ocular structures resulting
in clinical entities of varying severity.'® The principal
ocular complication of HSV is keratitis (infection of
the cornea), which takes three forms: epithelial, stro-
mal, or, more rarely, endothelial. Epithelial (dendritic
or geographic) keratitis affects the superficial cornea
and, although recurrences are common, vision usually
remains unaffected if only the epithelium is involved
(around 9% have mild or greater vision impairment,
defined as any visual acuity (VA) <6/12.'") An
immune response to HSV infection can affect the
deeper stromal layer of the cornea (with or without
ulceration) and the resulting inflammation is more
difficult to treat. Stromal keratitis is more likely to
result in vision impairment (around 24-42% <6/
12.'"'*y Endothelial (or disciform) keratitis is caused
by an immune response that affects the endothelial
cells resulting in oedema of the cornea. Farooq et al.,
in a 2012 review, estimated that 1.5%-3.0% of HSV
keratitis cases (considering all possible forms of kera-
titis) lead to severe vision impairment (defined as VA
<6/60) in the affected eye, based on tertiary-level
data.?

Herpes viruses, including HSV-1 and HSV-2, can also
occasionally cause anterior uveitis (iritis or iridocyclitis)
and more rarely retinitis, in the form of acute retinal
necrosis (ARN) or progressive outer retinal necrosis
(PORN), although both uveitis and retinitis have multi-
ple other aetiologic agents besides HSV.'"” ARN and
PORN can lead to retinal detachment and significant
visual morbidity in the affected eye.">”'” HSV blepharo-
conjunctivitis is self-limiting with low morbidity and
can present as a vesicular rash on the eyelids, which
may be associated with a follicular conjunctivitis.'®
Blepharo-conjunctivitis in early life is the typical clinical
manifestation of a primary ocular HSV infection.'®

Efforts to quantify the global and regional burden of
HSV-related disease are being undertaken to better under-
stand the disease burden that could potentially be prevented
or ameliorated with the development of effective HSV
interventions such as vaccines.'” HSV ocular disease repre-
sents an important component of HSV-related morbidity.
The Farooq review in 2012 estimated the annual number of
cases of herpetic keratitis globally to be 1.5 million, based on

extrapolating data from two studies in high income settings
to global population numbers.® Our aim was to update and
expand upon that review to summarise available data on the
incidence of new and/or recurrent HSV keratitis, as well as
other HSV ocular disease, and to estimate the global burden
of HSV ocular disease.

Methods

Eligibility criteria for considering studies for this
review

We aimed to review available data on the incidence of
HSV ocular disease through a systematic literature
search. We also aimed to summarise the best-available
data through a quantitative meta-analysis to estimate the
global burden of HSV keratitis and other ocular disease
where appropriate. We considered the following clinical
entities attributable to HSV (or specifically HSV-1 or
HSV-2 where typed): keratitis (evaluating the different
forms separately where possible), uveitis, retinitis, and
blepharo-conjunctivitis. We considered both new dis-
ease (defined as the first episode) and recurrent disease
(defined as a subsequent episode). We considered data
for all ages >1 month old, and all geographic locations
and study years. Neonatal HSV studies were excluded, as
the burden of neonatal herpes has been separately
quantified.*

Search methods for identifying studies

Search terms for HSV ocular disease are listed in the
Supplemental online material. The search strategy was
refined through a scoping search and co-author review
and was focused on HSV-specific ocular disease; we did
not attempt to search for all-cause disease incidence and,
separately, the fraction attributable to HSV. No restrictions
were placed at the search stage to eliminate neonatal stu-
dies; instead such studies were identified during abstract or
full text screen. We searched Medline and Embase data-
bases from 1946 and 1947 respectively up to 23™
October 2020 for relevant published studies in the
English language. Conference abstracts were excluded.
Reference lists of key papers were also searched. Endnote
X9 was used to manage the publications identified and
their eligibility status.

Study selection

Studies were included in the review if they reported
data on disease incidence for any clinical entity of
interest. Only studies reporting incidence based on



the number of cases for a specified, general population
and defined time period were included. Data were not
extracted for studies only including people living with
HIV, on the basis that these individuals may not be
representative of the general population. Abstract
screening and full text screening were performed by
one researcher (IM).

Data collection and risk of bias assessment

We extracted data on study year(s), location and popula-
tion, sample size, study design, study population age,
study strengths and limitations, number of (HSV) cases
of disease, and estimate(s) of incidence and confidence
measure around that estimate (95% confidence interval,
95% CI). Data were extracted both for individual clinical
entities, and for HSV ocular disease not separated out by
clinical entity or form (e.g., ‘any HSV ocular disease’ or
‘any keratitis’). For each clinical entity, incidence data
were extracted for new cases, recurrent cases, and ‘all’
cases, as far as possible. As confirmation of HSV type
was not expected to be routinely available, we extracted
data available for any HSV infection, but additionally
separated findings by HSV-1 and HSV-2 where possible.
Data from included studies were extracted by one
researcher (IM) and checked by a second (CJ).

To evaluate each study for inclusion in our set of best-
avaijlable estimates and potential pooled estimates, we
designed and conducted a risk of bias (quality) assess-
ment, using the Newcastle-Ottawa scale as a guide.”' This
assessment evaluated whether (1) cases were well defined,
(2) the study population (denominator) was well defined,
(3) the study was designed to capture all cases within the
study population, (4) the cases and population repre-
sented a general population, without major selection,
referral, or design bias (Supplemental online material).
Studies had to meet all four criteria in order to potentially
be included in our pooled estimates. The risk of bias
assessment was done by one researcher (IM).

Data synthesis and analysis

We first described the incidence of HSV keratitis and
other ocular disease as reported by individual studies, in
the context of study strengths and limitations. Next, for
each clinical entity where at least two separate study
estimates were available, we used meta-analysis to pool
those that met certain methodological standards (‘best-
available estimates’). We did not limit the pooling based
on year of study, given the limited number of recent
studies and several studies spanning many years to
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capture infrequent outcomes. We then applied the
pooled best-available estimates to 2016 global popula-
tion data to provide estimates of global HSV ocular
disease burden.

Analysis was done using Stata 15 software. Incidence
was pooled on the log scale, with the standard error (SE)
of the log incidence calculated according to the formula
1/sqrt(cases). Pooled estimates were exponentiated to
obtain incidence on the natural scale. Pooling was
done using the metaan command, assuming a random-
effects model. Heterogeneity between studies was
explored with the I statistic. This is the percentage of
the variation in the estimates explained by between-
study variation. Cochrane’s Q test was used to assess
whether the estimates were statistically significantly dif-
ferent between studies.

Estimation of global burden of HSV ocular disease

Pooled best-available estimates of incidence were used
to estimate the number of people aged 1 month to
99 years with HSV ocular disease in 2016, by applying
the estimates to global population numbers for 2016
obtained from the United Nations Population
Division.”> 95% CI were calculated for each burden
estimate based on the 95% CI for the pooled estimates.
The year 2016 was chosen to align with the most recent
HSV-1 and HSV-2 infection estimates,' and other HSV
disease burden estimates.”> We also estimated the num-
ber of people with at least mild uniocular vision impair-
ment attributable to epithelial and stromal HSV
keratitis, using percentages from studies reporting vision
impairment <6/12 identified through our literature
search (Supplemental online material). Two studies
reported the proportion of eyes affected by epithelial
keratitis. One study reported an estimate of 8.9%"; we
did not use the other estimate which was derived from
a sample of young children only.** In three studies
reporting vision impairment <6/12 from stromal HSV
keratitis,''>'* the proportion of eyes affected ranged
from 28%-42%; in a fourth study it was unclear how
much vision impairment was attributable to stromal
HSV keratitis.'> These three estimates were pooled to
give an overall estimate of 35.7% (95% CI 29.9-42.0) for
vision impairment <6/12 due to stromal HSV keratitis.
We assumed that, as the majority of keratitis cases are
unilateral, the percentage of eyes with vision impairment
following HSV keratitis was similar to the percentage of
individuals with uniocular vision impairment.

Our estimates followed the Guidelines for Accurate
and Transparent Health Estimates Reporting
(GATHER)*® and the Meta-analysis Of Observational
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Publications identified through Medline
(n=1320) and Embase (n=2164) databases
(n=3484)

A 4

Duplicates removed
(n=1162)

Publications screened using title
and/or abstract after duplicates
removed

Publications excluded based on

A 4

title and/or abstract

(n=2267)
(n=2322)
Additional publications .
identified through reference lists ”
(n=1) v

Full-text articles screened for
eligibility
(n=56)

.

Studies with incidence data
extracted
(n=14)

v

Studies meeting quality criteria
(n=T7)

Full-text articles without
incidence data
(n=42)

A 4

Figure 1. Flow diagram of HSV ocular disease literature search with number of studies at each stage of the process.

Studies in Epidemiology (MOOSE) checklist*® and were
reported with reference to the PRISMA*’ checklist.

Results
Literature search

A total of 3484 publications were identified in the
literature search (Figure 1). After 1162 duplicates
were removed, the remaining 2322 publications were
screened using title and/or abstract. Of these, the full
text was retrieved for 55 studies. One of these refer-
enced a further publication that was also retrieved. Of
these 56 publications, 14 publications (14 studies) were
able to contribute data on incidence.'"'>'*** Seven
of these studies met our quality criteria for best-
available estimates.'>'®?®3%23>3¢ Incidence data
from all 14 available studies are shown in
Supplemental online material; Table 1 summarises the
estimates from the 7 studies meeting our quality cri-
teria. The quality assessment is detailed in

Supplemental online material. Data on uniocular vision
impairment <6/12 extracted from studies identified in

the search are shown in Supplemental online
materia] 11-14:24:28.39-41

HSV ocular disease incidence estimates

The 14 studies of HSV ocular disease incidence dated
from the 1950s up to the 2010s (Supplemental online
material)."!>1%287%% Most were conducted in Europe or
the USA. Studies focussed mainly on HSV keratitis, or
HSV ocular disease without differentiation by clinical
entity, although there were two studies each reporting
on retinitis or uveitis only. Altogether, 46 individual
incidence estimates were reported or could be calculated
from the 14 studies. When considering only those seven
studies that met our quality criteria (Supplemental
online material),'>!®?%303%3%36 the humber of available
estimates was 36 (this excluded one incidence estimate
based on highly probable cases from an included paper
with other included estimates.*®) (Table 1).
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Table 1. Number of available estimates from the 7 studies meeting quality criteria, and pooling decision.

HSV clinical entity All cases  New cases  Recurrent cases Pooling and estimation of global burden done?

Any ocular disease 2 3 2 No; disease definition not specific

Any keratitis 2° 3 2 Yes; for all categories

Epithelial keratitis 3 2 1 Yes for all and new cases, no for recurrent cases due to only one available estimate
Stromal keratitis 2 2 1 Yes for all and new cases, no for recurrent cases due to only one available estimate
Endothelial keratitis 0 0 0 No; no available estimates

Uveitis 1 2 1 Yes for new cases, no for all and recurrent cases due to only one available estimate
Retinitis 0 3 0 Yes for new cases, no for all and recurrent cases due to no available estimates
Blepharo-conjunctivitis 1 2 1 Yes for new cases, no for all and recurrent cases due to only one available estimate

?Additional estimate based on highly probable (only) cases also available but not included in tally.

Hereafter, we focus only on those “best-available”
estimates meeting our quality criteria.

Incidence estimates meeting our quality criteria were
available across most HSV ocular clinical entities of
interest but were limited in number: seven estimates
for any keratitis (2 all, %3¢ 3 new,2®323
recurrent’®*®); six for epithelial keratitis (3 al], 83036 2
new,”®? 1 recurrent®®); five for stromal keratitis (2
all, 2% 2832 1 recurrent®®); four for uveitis (1
al 2 new, 1 recurrent’®); three for retinitis

131632y and four for blepharo-conjunctivitis (1

2 new,

28 28,32
1,

(new
all,’® 2 new,”®*? 1 recurrent®®) (Supplemental online
material). We found no estimates for endothelial kera-
titis. There were seven estimates for any HSV ocular
disease: 2 for all,”®* 3 for new”®**** and 2 for recurrent
disease.”®*” Estimates for any HSV ocular disease repre-
sent unknown proportions of separate clinical entities
and as such are less informative in estimating the burden
of disease. All the studies meeting our quality criteria
were conducted in either Europe or the USA, with no
restrictions in any study on participant age (range of
available means: 37-54 years). The majority of studies
explicitly or seemingly derived incidence based on the
number of individuals with disease, i.e., counting indi-
viduals no more than once, although some studies spe-
cified that their incidence estimates were derived by
counting the total number of disease episodes.

HSV keratitis
Four studies reported on HSV keratitis incidence: from
Europe (2 studies: 1 national,”® 1 county-based®’) and
the USA (2 studies in the same county at two different
time points,”®*?) with earliest date of data collection in
the 1950s (1 study,zs) the 1970s (2 studies®®>?) and the
2000s (1 study36) (Supplemental online material). Two
studies were retrospective reviews of medical records
linkage systems**%; two were prospective multi-centre
case series studies.’®°

The two available estimates of the incidence of any
keratitis (all, i.e., new or recurrent combined) were 18.2

cases per 100,000 person—years.28 and 315 cases per
100,000 person—years,36 but based on the number of
episodes and the number of individuals respectively
(Supplemental online material). A further difference is
that the former estimate was calculated by combining
the separate incidences of epithelial and stromal kerati-
tis, while the latter also included endothelial keratitis
(although incidence of “other” keratitis in the study,
which included endothelial keratitis, was rare). The cor-
responding latter study also reported an estimate based
on highly probable cases only of 25.8 cases per
100,000 person-years,’® which was used by Farooq
et al.® We did not use this estimate, however, in favour
of that based on all cases, for consistency with the other
estimates. The same two studies also reported on (or
provided data enabling the calculation of) the incidence
of any new keratitis: 6.2 cases per 100,000 person-
years.28 and 132 cases per 100,000 person—years,36 and
the calculation of the incidence of any keratitis for
recurrent cases: 12.0 cases per 100,000 person—years,28
and 183 cases per 100,000 person-years.”® In addition,
a third study also reported an incidence estimate for any
new keratitis of 9.2 per 100,000 person-years.>>

Three studies reported on the incidence of all epithe-
lial HSV keratitis (Supplemental online material).**?%°
Two of these studies were the same studies as those with
estimates of any keratitis (new and recurrent’®%®): esti-
mates for all epithelial keratitis were 15.6 cases per
100,000 person-years based on the number of
episodes®® and 220 cases per 100,000 years derived by
counting the number of individuals.”® Comparing the
incidence of any keratitis and epithelial keratitis within
each of the two studies indicated that epithelial keratitis
contributed the most to keratitis incidence: stromal HSV
keratitis incidence in these studies was 2.6°® and 9.2
cases per 100,000 person-years respectively.36 The
other study reporting on the incidence of all epithelial
HSV Kkeratitis was a study reporting only on epithelial
keratitis and had an estimate of the incidence of 12.0
cases per 100,000 person—years.3 0 Liesegang et al.?® also
reported separate incidences for new epithelial keratitis
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and new stromal keratitis, from which we also calculated
the incidences of recurrent epithelial and stromal kera-
titis, while Young et al.,>*> which reported on the same
population as Liesegang et al. but for a later time period,
presented data enabling the calculation of the incidence
of new epithelial keratitis and new stromal keratitis.

Other HSV ocular clinical entities
One study”® reported on the incidence of all HSV uveitis
(1.9 cases per 100,000 person-years) and all HSV ble-
pharo-conjunctivitis (7.7 cases per 100,000 person-
years) based on the number of episodes (Supplemental
online material). This study also reported on the inci-
dence of new HSV uveitis (0.4 cases per 100,000 person-
years) and new HSV blepharo-conjunctivitis (4.2 cases
per 100,000 person-years), while derived incidences
from the study which reported on the same population
but for a later time period®* were 0.06 and 2.4 cases per
100,000 person-years for new HSV uveitis and new HSV
blepharo-conjunctivitis respectively. In both studies,
HSV uveitis was defined by the presence of prior or
concurrent corneal or other ocular HSV involvement.
Two further studies reported (only) on the incidence
of new HSV retinitis: these estimates were 0.013 cases
per 100,000 person-years16 and 0.01-0.012 cases per
100,000 person-years.'> Young et al. reported finding
no cases of new HSV retinitis.”> One other study’”
reported only on any HSV ocular disease and did not
provide any estimates for individual clinical entities.

The global burden of HSV ocular disease in 2016

Across available estimates, the pooled incidence of any
HSV keratitis (new and recurrent combined) was 24.0
cases per 100,000 person-years (95% CI 14.0-41.0; num-
ber of contributing studies, N = 2; 12 = 97.7%; p <.001)

(Table 2). Applying this pooled incidence universally
across the global population (7.284 billion) gave an
estimated 1.7 million cases of any HSV keratitis (95%
CI 1.0-3.0) among 1 month to 99 year olds worldwide in
2016.

Any new HSV keratitis had a pooled incidence of 9.2
cases per 100,000 person-years (95% CI 6.4-13.2; N = 3;
> = 93.6%; p < .001) or 0.7 million cases (95% CI 0.5-
1.0) in 2016, while the pooled incidence of any recurrent
HSV keratitis was 14.8 cases per 100,000 person-years
(95% CI 9.8-22.4; N = 2; > = 93.8%; p < .001) or
1.1 million cases (95% CI 0.7-1.6) (Table 2).

All epithelial HSV keratitis had a pooled incidence
of 16.1 cases per 100,000 person-years (95% CI 11.6-
223; N = 3; I> = 92.6%; p < .001), equivalent to
1.2 million global cases (95% CI 0.8-1.6) in 2016. All
stromal HSV keratitis had an incidence of 4.9 cases
per 100,000 person-years (95% CI 1.4-17.0; N = 2;
I = 97.5%; p < .001) or 0.4 million cases (95% CI 0.1-
1.2) (Table 2). Of these, pooled incidence was 6.4
cases per 100,000 person-years for new epithelial
HSV keratitis and 1.1 cases per 100,000 person-years
for new stromal HSV keratitis.

For the remaining clinical entities, we were only
able to produce pooled incidence estimates for new
cases (Table 2). However, the one available estimate
of incidence for all uveitis (1.9 per 100,000 person-
years), from Liesegang et al.,”® would translate into
approximately 0.1  million «cases in 2016
(Supplemental online material). The one available
estimate of incidence for all blepharo-conjunctivitis
(7.7 per 100,000 person-years), also from Liesegang
et al,* translate into approximately
0.6 million cases in 2016. HSV retinitis seems to be
rare, based on the available estimates for new retinitis
(~0.01 per 100,000 person-years or <1,000 cases).

would

Table 2. Pooled incidence and estimated global burden among 1 month-99 year olds in 2016 for selected clinical entities.

No. of Estimated no. of global cases

Pooled incidence (95%Cl) (cases per contributing Cochrane’s  among 1 month-99 year olds in 2016

HSV clinical entity 100,000 person-years) studies 1? Q test in millions (95%Cl)
Any keratitis 24.0 (14.0-41.0) 228 36 97.7% p < .001 1.7 (1.0-3.0)
Any new keratitis 9.2 (6.4-13.2) 328, 32,36 93.6% p < .001 0.7 (0.5-1.0)
Any recurrent keratitis 14.8 (9.8-22.4) 228 36 93.8% p <.001 1.1 (0.7-1.6)
All epithelial keratitis 16.1 (11.6-22.3) 328,30, 36 926% p<.001 1.2 (0.8-1.6)
New epithelial keratitis 6.4 (5.2-7.9) 22832 653% p=.090 0.5 (0.4-0.6)

All stromal keratitis 49 (1.4-17.0) 22836 97.5% p < .001 0.4 (0.1-1.2)
New stromal keratitis 1.1 (0.4-3.5) 228 32 88.1% p=.004 0.1 (0.0-0.3)
New uveitis 0.2 (0.0-1.1) 22832 80.6% p=.023 0.0 (0.0-0.1)
New retinitis 0.01 (0.01-0.02) 31516, 32 0.0% p=.949 0.00 (0.00-0.00)
New blepharo-conjunctivitis 3.2 (1.8-5.5) 22832 91.1% p =.001 0.2 (0.1-0.4)

Values do not necessarily sum across rows due to different studies contributing estimates, and potential contribution of endothelial keratitis to estimates for any
keratitis. I? is the percentage of the variation between the estimates explained by between-study variation (i.e., it is a measure of the heterogeneity between
studies). Cochrane’s Q test assesses whether the estimates are significantly different between studies. All values shown to 1 d.p., except for pooled incidence
estimates and estimated number of global cases for new retinitis which are shown to 2 d.p.



Applying the percentages of keratitis cases that
result in mild or
impairment'"'>'* to our best-estimates of the num-
ber of individuals with epithelial and stromal HSV
keratitis globally in 2016, approximately 230,000
people worldwide could have newly experienced
some degree of vision impairment caused by HSV
keratitis in 2016, of which ~100,000 were caused by
epithelial HSV keratitis and ~130,000 by stromal
HSV Kkeratitis.

worse uniocular vision

Discussion

We estimated that, in 2016, 1.7 million people had HSV
keratitis, equivalent to an incidence of 24.0 per
100,000 person-years, the majority of whom had epithe-
lial keratitis. Of these 1.7 million individuals, approxi-
mately 230,000 people (~15%) may have newly acquired
some degree of uniocular vision impairment (mild or
worse) associated with HSV keratitis in 2016. These
figures likely underestimate the full burden of ocular
disease due to HSV, as data were more limited for
rarer but potentially more vision-impairing conditions
such as HSV uveitis and retinitis. We tentatively esti-
mated that around 0.1 million cases of HSV uveitis
might have occurred in 2016, although the fractions of
uveitis alone and episodes that were concurrent to other
ocular HSV disease were unknown.

Strengths and limitations

Our study represents the most recent review of the
literature on HSV keratitis incidence and the only review
to our knowledge of the incidence of HSV keratitis and
all other clinically relevant ocular disease caused by HSV
infections. We were able to generate the first global
estimates of the number of people separately with
epithelial and stromal HSV keratitis, and with new ver-
sus recurrent keratitis. We also carried out a quality
assessment of studies identified to have incidence data
to increase the reliability of our results.

However, our review and resultant estimates have
several limitations. First, our literature search was
devised by expert co-authors but, due to resource con-
straints, conducted by one reviewer and limited to two
key databases identified as having appropriate levels of
coverage.”> We identified relatively few available studies,
and even fewer studies which met our quality
criteria,!>16-28:30.32,35.36 limiting the extent to which we
could speculate with any confidence on global disease
burden. Population-based surveys of vision impairment
and eye disease have provided a large number of epide-
miological estimates for chronic conditions such as
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cataract,” but fewer such studies are available for short-
lasting, episodic, or less common conditions such as
those associated with HSV. As there was a lack of good-
quality data on the incidence of HSV uveitis and retinitis
we may have failed to capture an important contributor
to the magnitude of vision impairment due to ocular
HSV. Also quality data were lacking for blepharo-
conjunctivitis, which rarely affects vision but may
cause ocular discomfort and morbidity. Furthermore,
although we did estimate the global burden of HSV
keratitis, our estimates are based on at most three of
four studies,”®****?® meaning there is still considerable
uncertainty. Our quality assessment aimed to mitigate
some of the potential issues around study biases, while
the 95% CI around our pooled estimates were an
attempt to reflect the within- and between-study varia-
tion in the contributing estimates for incidence.
Second, in the absence of laboratory testing/typing,
there is a degree of uncertainty where diagnosis is solely
based on clinical presentation,9 which is the case for
most of the contributing studies. Misdiagnosis may
lead to over- or underestimation of incidence.
Disaggregation to ‘highly probable’ clinical certainty
was done by one study only, for HSV keratitis.”® The
discrepancy between the incidence of all suspected cases
and the incidence of highly probable cases only in this
study highlighted possible limitations of estimating HSV
ocular disease incidence in the absence of routine con-
firmatory lab testing. Studies also had other methodolo-
gical differences. For example, incidence could be
measured based on the number of individuals or based
on the number of episodes, where an individual may
have two or more episodes of clinical disease recorded.
Third, differences may exist in disease incidence
across populations, particularly by age and by geo-
graphic location. The paucity of estimates meant we
were unable to carry out a stratified analysis of inci-
dence, and our global burden estimates were derived
by applying one single pooled estimate of incidence
per clinical entity universally across world population
estimates. Of particular note, HSV ocular disease inci-
dence is likely to be closely related to rates of HSV-1
infection. All the studies contributing data to our pooled
estimates were conducted either in Europe or in the
USA. The WHO Americas and Europe regions have
the lowest prevalence of oral HSV-1 infection of all
WHO regions,' meaning the incidence of HSV ocular
disease is likely to be higher outside Europe and the
Americas, and our figures for the global burden of dis-
ease are therefore likely to be underestimates. However,
the relationship between HSV infection rates and ocular
disease rates is unclear, as there may be contributing
factors such as the age at which individuals generally
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acquire infection, the site of original HSV-1 infection
(oral versus genital), and other factors.**

Fourth, the incidence of HSV ocular disease may have
changed over time, and since most data came from older
studies, this may have led to an under- or over-estimation
of current disease rates. Time trends are difficult to detect
with only a limited number of estimates, however, two
studies reported on the incidence of any HSV ocular
disease and any HSV keratitis in the same population,
between 1950 and 1982°° and 1976-2007.>” An increase
in incidence with time was observed in the older study,*®
while the more recent study found stable incidence.’”
However, excluding studies based on study year would
have further reduced the already limited number of avail-
able estimates for pooling. Furthermore, older studies
may actually better reflect settings outside of Europe and
the USA than newer studies, as historic infection rates in
Europe and the USA may be closer in line with current
prevalence in other regions.*

Last, disease burden estimates based on overall inci-
dence give information on the total number of affected
individuals, which is useful for appreciating the extent to
which HSV eye disease is a public health problem.
However, they have limited utility for understanding
how quality of life is affected. WHO’s 2019 World
Report on Vision noted that understanding the burden
of unilateral vision impairment is an important gap in the
global epidemiology of eye health that requires further
research.*® To partly address this, we tentatively applied
published estimates of uniocular vision impairment to
our pooled incidence estimates for HSV keratitis. The
estimated proportions of cases with vision impairment
<6/12 come from studies in Europe and USA where
evidence-based treatment modalities for ocular HSV,
including topical antiviral agents and in certain situations
topical steroids,'**” are likely to be more available than in
low-income parts of the world. It is therefore likely that
the estimates of vision impairment are an underestimate
of the actual morbidity due to ocular HSV.

Impact and conclusions

Around 1.7 million people may have experienced HSV
keratitis in 2016. HSV uveitis may have contributed an
additional 0.1 million cases in 2016 (depending on the
extent to which it presented concurrent to other condi-
tions), which would bring the total to over 1.8 million cases.
Based on our incidence estimates, some 230,000 people
with HSV keratitis may have newly acquired uniocular
vision impairment <6/12 in 2016. Our burden estimates
are likely to be underestimates, however, as they were based

on studies in the USA and Europe, which have lower HSV-
1 prevalence and wider availability of treatment than in
many other settings. Improved access to evidence-based
treatment in low- and middle-income countries would
reduce ocular morbidity globally. New HSV prevention
methods, such as vaccines, could also have a considerable
public health impact in reducing ocular HSV disease inci-
dence and associated morbidity including uniocular vision
impairment, in addition to broader benefits for HSV-
associated genital, oral, and neonatal disease.
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