Cornea 20(1): 1-13, 2001.

© 2001 Lippincott Williams & Wilkins, Inc., Philadelphia

Herpes Simplex Virus Epidemiology and

Ocular Importance

Thomas J. Liesegang, M.D.

Purpose. To review the changing epidemiology of herpes simplex
disease and correlate it with the epidemiology of ocular herpes
simplex disease. Method. A review of pertinent reports in the
world literature about the epidemiology of herpes simplex and
specifically about ocular herpes simplex. Results. In developed
countries, many individuals are reaching adolescence and adult-
hood without prior herpesvirus infection. Herpes simplex genital
infection is increasing at a rapid rate in sexually active adolescents
and adults, with about one in six adults now infected in the United
States. Similar statistics are confirmatory worldwide in developed
countries. Active herpes simplex infection is a risk factor for ac-
quisition of human immunodeficiency virus. The Herpetic Eye
Disease Study, as well as prior studies from Moorfields Eye Hos-
pital and the Mayo Clinic in Rochester, Minnesota, provides us
with the epidemiology of ocular herpes simplex. Recent studies
suggest an older age of onset and perhaps overall more severe
ocular disease as compared with the older literature. Conclusions.
Herpes simplex is a significant health concern at present with
genital infections increasing in epidemic proportions. This is also
reflected in a rise in the incidence of neonatal herpes. Herpes
simplex virus type 1 (HSV-1) infection is being acquired for the
first time in an older age group. A significant and increasing pro-
portion of genital herpes is caused by HSV-1. Serologic studies are
no longer as useful in distinguishing orofacial herpes from genital
herpes. More acute retinal necrosis syndrome cases are associated
with HSV-2. Speculation about the future of ocular herpes is made
based on this changing epidemiology.

Key Words: Herpes simplex—Epidemiology herpes—Ocular her-
pes simplex—Genital herpes—Congenital herpes—Neonatal her-
pes—Acute retinal necrosis—HSV-1—HSV-2.

HERPESVIRUSES

There are now eight recognized human herpesviruses: herpes
simplex virus type 1 (HSV-1), HSV-2, varicella-zoster virus, cy-
tomegalovirus, Epstein-Barr virus, human herpesvirus 6 (associ-
ated with roseola infantum), human herpesvirus 7 (associated with
roseola infantum and febrile convulsions), and human herpesvirus
8 (associated with Kaposi sarcoma and lymphomas) (Table 1).!
HSV is now a major health concern, confirmed by the epidemic of
genital HSV and the enhanced acquisition of human immunode-
ficiency virus (HIV) infections in association with HSV infections.
This perspective will focus on HSV-1 and HSV-2, with emphasis
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on the implications of the epidemiologic changes for ocular dis-
ease.

All human herpesviruses probably diversified from a common
ancestor a million years ago. There is a host-linked evolution of the
human herpesviruses such that the mediation of the cospeciation of
these human herpesviruses occurred through these species-specific
latent infections.> HSV is endemic in virtually every human soci-
ety throughout the world, from urban to remote native tribes. Hu-
mans are the only natural reservoirs for HSV and there are close
associations recognized between HSV-1 strains and historical hu-
man populations. Different ethnic populations can have specific
DNA polymorphisms to the extent that HSV-1 may be used as a
marker for human populations.>

HSV can be detected by polymerase chain reaction (PCR) in the
trigeminal ganglia of 18.2% of cadavers of people up to 20 years
of age, which increases to reach almost 100% in cadavers of
people at least 60 years of age.® HSV-1 is more likely to inhabit the
trigeminal ganglia and HSV-2 the sacral ganglia, explaining the
clinical pictures of orofacial and genital herpes infections. A recent
study, however, refutes this concept because HSV-1 and -2 were
detected by PCR and in situ hybridization in 207 of 262 spinal
ganglia from the cervical to the sacral ganglia.* HSV-1 and -2 were
found equally in each, indicating no ganglion site preference and
suggesting that there must be local host factors characterizing the
frequency of recurrence of HSV-1 in the facial area and HSV-2 in
the genital area. Other studies support the concept that local factors
strongly influence reactivation.®

The spectrum of disease caused by HSV includes primary and
recurrent infections of mucous membranes (e.g., gingivostomatitis,
herpes labialis, and genital infections), neonatal and congenital
HSV infection, eczema herpeticum in patients with underlying
atopic dermatitis or Darier’s disease or Sézary syndrome, visceral
HSYV infections in immunocompromised hosts, HSV encephalitis,
and an association with erythema multiforme. Ocular complica-
tions include lid, conjunctival, corneal, intraocular infections, and
retinitis. Patients undergoing chemotherapy, organ or bone marrow
transplant recipients, and patients with HIV infection can develop
multiple and extensive lesions and in some cases, visceral spread
may occur.’®

The different manifestations of HSV infections appear related to
host populations and the age of acquisition of the infection.” Each
HSV-1 genome has distinct restriction endonuclease fingerprints,
but no consistent biologic differences have been documented; the
same is true for HSV-2. Additionally, there is no evidence of
differing racial or sexual susceptibility to HSV nor significant
seasonal or sexual variation in the incidence of overt disease. The
incubation period of primary HSV infection ranges from 1 to 28
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TABLE 1. Features of herpesvirus

Eight human herpesviruses recognized
HSV-1
HSV-2
vzv
Cytomegalovirus
Epstein-Barr virus
Human herpesvirus 6 (associated with roseola)
Human herpesvirus 7 (associated with exanthem subitum, pityriasis
rosea)
Human herpesvirus 8 (associated with Kaposi sarcoma, lymphoma)
Diversified from common ancestor 1 million years ago
Ethnic populations have similar HSV DNA (possibly a marker)
At least 33% of world with clinically recurrent HSV infections
Almost entire population with serologic evidence of infection by middle age
HSV detected in almost 100% of trigeminal ganglions by age 60 y
HSV-1 and -2 reside equally in almost all ganglia; local host factors control
expression
Primary infections clinically recognized only about 1-6% of the time
Symptomatic patients have greater viral load and higher risk of
transmission
Asymptomatic patients more common and the usual mode of transmission
Oropharyngeal shedding at least 1% of days
Prevalence of HSV-1 antibodies decreasing in developed countries
Newly recognized syndrome of herpetic pharynotonsillitis in adolescents

VZV indicates varicella-zoster virus.

days. HSV is infectious during asymptomatic shedding and for the
5 to 10 days it takes for the skin or mucous membrane lesions to
heal.'®

Latency with HSV is prevalent, with at least 33% of the world
with clinically evident recurrent HSV infections.'" Fifteen to forty-
five percent of adults have herpes labialis, which has a tendency to
decrease with age.” Persons with a history of HSV labialis com-
prise only 30 to 70% of people with HSV-1 antibodies. The clini-
cal surveys greatly underestimate the incidence and prevalence of
HSV infection because more than two thirds of initial HSV-1 and
-2 infections are asymptomatic or unrecognized.® In some series,
primary infections with HSV manifest clinically only 1 to 6% of
the time.> HSV-1 and -2 may be shed asymptomatically at the time
of primary, initial, or recurrent infection.

Geographic location, socioeconomic status, and age influence
HSV-1 prevalence. Because HSV-1 is transmitted principally by
contact with infected oral secretions or lesions, the incidence and
prevalence are influenced by factors that affect the degree of ex-
posure to these sources of infection, such as crowding, poor hy-
giene, and age. Seropositive children and adults, including those
with no history of HSV labialis, periodically shed HSV in saliva
and are the major source of transmitting HSV infections. The
proportion of the population with positive serology for HSV-1 that
sheds ranges from 1 to 10%, but it may be greater in children or in
the first 2 years after the primary infection and is also markedly
increased in the immunosuppressed patient.® The risk of infection
is directly proportional to the titer of virus shed, which is usually
more in a symptomatic patient. Because the number of people with
asymptomatic disease far exceeds the number with symptomatic
disease, however, asymptomatic shedding of HSV is the most
common mode of transmission. Asymptomatic shedding of HSV-1
in oropharyngeal secretions occurs intermittently in about 80% of
infected persons; at a single time, the rate of shedding is 3 to 5%'>
or at least 0.5% to 1% of days.> Another report indicates that at
least 1 in every 100 adults excretes oral HSV-1 at any given
time.'?

The age-specific prevalence of antibodies to HSV-1 has been
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decreasing during the past 40 years in Western industrialized coun-
tries.® In lower socioeconomic populations, 70 to 80% are infected
by adolescence, whereas in the middle class or developed coun-
tries, many patients now have antibodies detected for the first time
much later in life.'" Although primary HSV-1 infections are
largely confined to early childhood in developing countries and in
poor urban populations in the United States, the majority of middle
and upper income children in Western societies now escape
HSV-1 infections during childhood and experience a second peak
of infections in adolescence and early adult life. This has resulted
in a previously unrecognized disease of acute herpetic pharyngo-
tonsillitis. Moreover, the increasing population now reaching pu-
berty without having HSV-1, which induces a partial immunity to
subsequent HSV-2 infection, may be an important factor in the
current epidemic of genital HSV-2 infection.

SEROLOGIC EPIDEMIOLOGY OF HSV

Because clinical history is not accurate in determining the
prevalence of prior herpes infection in the population or the indi-
vidual, serologic studies are used in defining the prevalence of
prior infection and also reflects those with latent infection. Several
serologic studies have reported the prevalence of HSV-1 and -2
antibody in various populations; wide variations exist from coun-
try to country (Table 2).'" Current data suggests that 50% of
United States’ citizens are presently infected with HSV-1; this is
less than in prior decades. In lower socioeconomic populations,
approximately one third of children have serologic evidence of
HSYV infection by 5 years of age; this frequency increases to 70 to
80% by early adolescence. Middle-class individuals acquire anti-
bodies later in life, such that seroconversion over the first 5 years
occurs in 20% of children, followed by no significant increase until
the second or third decades of life, at which time the prevalence of
antibodies increases to 40 to 60%.'" The annualized rate of infec-
tion among university students averages 5 to 10%. The National
Health and Nutritional Examination survey showed more than
35% of African-Americans by age 5 years have HSV-1 but only
18% of Caucasians are infected; by age 40 years, however, the
prevalence is similar.'!

In an inner city community with a high prevalence of acquired
immune deficiency syndrome (AIDS) in San Francisco, CA,
U.S.A.,'"* the prevalence of HSV-1 infection correlated with older
age, less education, and with being Hispanic or African-American.
There was a low sensitivity correlation with facial herpes. HSV-2
serology correlated with female gender, number of sexual partners,
low education, and with being African-American or Hispanic. In
this series, only 19% with serology for HSV-2 had a history of
genital herpes; therefore, self-reporting of infection was very in-

TABLE 2. HSV serology

Clinical history of infection unreliable so serology best to study
epidemiology

HSV-1 serology is declining in the United States and developed countries

HSV-1 being acquired at adolescence rather than childhood

Higher prevalence of HSV-1 in certain racial groups, crowded populations

HSV prevalent by age 1y in Hong Kong; uncommon in United Kingdom at
age 1y

HSV seroprevalence increases markedly during college years
HSV-1 in 23% at age 15 y; 50% by age 30 y (Swedish school girls)
HSV-2 in 0.4% at age 15 y; 22% by age 30 y (Swedish school girls)
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sensitive and only moderately specific. The herpesvirus seropreva-
lence in England and Hong Kong was contrasted.'> Although HSV
infection is common in Hong Kong by the age of 1 year, it is
uncommon in the United Kingdom at that age. Also, in comparison
with the other herpesviruses, HSV and cytomegalovirus are less
efficiently transmitted during childhood.'?

HSYV infection was prospectively chronicled in a day-care center
in North Carolina'® among 115 children followed for 12 years.
Thirty-seven percent were infected by age 5 years. Four clusters of
infection occurred over the 12-year period but none involved more
than six children (representing 55% of the infections). Forty-five
percent of the infections occurred sporadically. Gingivostomatitis
was identified in 26% but was not associated with increased trans-
mission of HSV.

The HSV serology in U.S. college students was reported in
1990.'7 Thirty-seven percent of freshman had serologic evidence
of infection with HSV-1 in the first year and 46% by the fourth
year. Only 0.4% had HSV-2 serology in the first year, but 4.3%
had it by the fourth year. Predictors of HSV-1 serology were
female gender, African-American race, first intercourse before age
15 years, total years of sexual activity, and partners with oral sores.
Predictors for HSV-2 serology were African-American race, years
of sexual activity, and a history of other sexually transmitted dis-
ease. Swedish schoolgirls (n = 839) aged 14 to 15 years were
followed prospectively for 15 years and reported in 1992.'® At age
15 years, 23% were seropositive for HSV-1, but 50% were sero-
positive by age 30 years. At age 15 years, 0.4% were seropositive
for HSV-2, but 22% were seropositive by age 30 years.

In a study from Africa, HSV-1 serology was present in greater
than 80% in almost all age groups except young children.'® HSV-2
serology was very high in certain groups, especially prostitutes
(80%). In a Japanese study of 536 adults,”® HSV-1 serology was
common and correlated with age. HSV-2 serology varied widely
from 7% among pregnant women to 23% among patients with
sexually transmitted disease and 80% among homosexuals. Over
the past several decades in Japan, they documented a decreasing
prevalence of HSV-1 infection during childhood and an increasing
incidence of the primary HSV infection being caused by a genital
infection with HSV-2; they speculated that the clinical manifesta-
tions and health burden to Japan will increase because of this
phenomenon.

THE EPIDEMIC OF GENITAL HERPES

HSV-2 is transmitted sexually by contact with infected genital
secretions or mucocutaneous surfaces; acquisition is directly re-
lated to sexual activity. Most HSV-1 and -2 transmission, however,
occurs during periods of asymptomatic shedding in the absence of
recognized signs or symptoms of disease. Only a minority of per-
sons who are HSV-2—seropositive have a history of symptomatic
disease. Most patients (70%) are not aware of infection with geni-
tal HSV; with education, however, 50% can be taught to identify
the clinical infection.?' Virtually all persons who have symptom-
atic primary genital HSV-2 will experience both symptomatic re-
currence and asymptomatic shedding. All of the seropositive pa-
tients have latent infection and probably experience reactivation at
least occasionally. Shedding occurs about 1 to 2% of any given
days, but is higher in the few months after primary infection.® A

recent study reported subclinical shedding of HSV in about 3% of
patients who were seropositive for HSV-2, with an almost identical
incidence in patients with a history of genital herpes and those with
no history of genital herpes; 98% of 53 patients with no prior
symptoms of genital herpes demonstrated clinical or virologic
signs of recurrence during the study period (mean, 94 days).>> We
conclude that, among patients with HSV-2 seropositivity, asymp-
tomatic patients shed just as often as symptomatic patients. Symp-
tomatic genital HSV is estimated to be 500,000 annually in the
United States with 40 to 60 million Americans (16-22% of the
population) with latent HSV-2 infection.®*?

HSV-2 infections have risen dramatically in the middle class of
Western industrialized countries in the past two decades,>*** such
that at least one in six persons in the United States have a positive
HSV-2 serology (Table 3).%° A sobering study in the New England
Journal of Medicine in 19977 reported a 31% increase in HSV-2
serology in the previous 13 years in the United States. This marked
increase in HSV-2 seropositivity in the United States with the
marked shift toward younger age®’ has also been reported in other
countries.>>*® The New England Journal of Medicine study re-
ported that 21.9% of adults over the age of 12 years have HSV-2
serology; yet less than 10% of these (2.6% of the total) reported a
history of genital infection. The seroprevalence was higher among
women (25.6%) than men (17.8%) and higher among African-
Americans (45.9%) than whites (17.6%). Patients who practice
unprotected sex with multiple sexual partners are guaranteed to
risk exposure. Positive predictive factors of HSV-2 serology in that
study included female gender, African-American or Hispanic race,
older age, less education, poverty, cocaine use, and multiple sexual
partners. The rate had quadrupled among white teenagers and
doubled among whites in their twenties in the past decade. There
was a mild increase in African-Americans and older whites. The
authors also concluded that a genital ulcer in a patient with HSV-2
serology is more likely to represent the reactivation of a previously
unrecognized HSV-2 infection and is not traceable to a recent sex
partner; silent spread is the rule and not the exception.

Various previous series have evaluated the prevalence of HSV-2

TABLE 3. The epidemic of genital HSV

HSV-2 infections have risen dramatically in developed counties in past 2
decades
21.9% of adults in United States are HSV-2—seropositive (1994 data)
Women (25.6%), men (17.8%), blacks (45.9%), whites (17.6%)
Quadrupled among white teenagers and doubled among white
adults
Lower rate of HSV-2 in Japan (7% among pregnant women in 1998 study)
Low rate of HSV-2 in ltaly (0.1% among healthy young men in 1988 study)
Low rate of HSV-2 in Spain (3.6% among men and women in 1999 study)
Most seropositive for HSV-2 have no history or symptoms
Spread of infection occurs by both symptomatic and asymptomatic patients
Genital shedding occurs about 5% of days
Factors correlated with the increase in HSV-2
Sexual activity among adolescents, increased number of sex partners,
high frequency of asymptomatic infections, decreased use of barrier
contraception, reduced proportion of adolescents with partial immunity to
HSV-1
In the absence of modulating HSV-1 antibody, HSV-2 genital infection
more severe
HSV genital infection increases risk of acquisition of HIV infection
An increasing proportion of genital HSV is caused by HSV-1
10% in United States (increasing) but up to 50% in Europe
Makes interpretation of serologic data more problematic
The clinical appearance of these infections may differ from HSV-2
infections
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serology in the United States population. It ranged from 0% in
children and celibate adults and increased to 35% by age 60 years,
but may be present in 80% of prostitutes.> It correlated with the
following: African-Americans, women, divorced, city residents,
patients with multiple sex partners, early age of first intercourse,
years of sexual activity, female prostitutes (75%), male homosexu-
als (83%), and history of other sexual transmitted disease.''
HSV-2 serology was found in 30 to 50% of persons in a sexually
transmitted disease clinic, but only a minority of patients reported
the clinical manifestations.?* HSV-2 serology has been reported in
7.6% of random blood donors and 22.7% of patients in a genito-
urinary clinic, with only 30% of the latter having diagnosed genital
herpes.”® Other studies correlate the increasing prevalence of
HSV-2 in the past decade with the increasing sexual activity of
adolescents, increased number of sexual partners, high frequency
of asymptomatic infections, decreased use of barrier contraceptive,
and reduced proportion of white middle class adolescents who had
partial immunity to HSV induced by childhood HSV-1 infection.>°
Although there is a higher prevalence of HSV-2 seropositivity
among women, men are more effective vectors of transmission.” In
one study correlating racial features in the United States reported
in 1989, HSV-2 serology was positive in 20% of white men,
25% of white women, 40% of African-American men, and 60% of
African-American women.

The serology of HSV-2 was considerably different in one study
from Italy reported in 1988.*' HSV-2 serology was reported in
0.1% of healthy young men (n = 1,169), in 4.8% of health work-
ers (n = 411), and in 55% of homosexuals (n = 397). In a 1999
report from Spain,*? the overall prevalence of antibodies to HSV-2
was 3.6% and was about equal in men and women; HSV-2 serol-
ogy was not associated with increasing age. In a study contrasting
Greenland and Denmark reported in 1988,%* HSV-2 serology was
found in 68.2% of Greenland women but in only 30.9% of Danish
women. They correlated the positive serology to HSV-2 with cer-
vical cancer rates. The seroprevalence of HSV-2 is also very high
(70%) among patients with cervical cancer in India®* although the
association of HSV-2 with cervical cancer remains unclear.

A substantial number of women entering their childbearing
years are infected with HSV-2 or are at risk of contracting infec-
tion because their partners are more likely to be infected; their
infants will be exposed to HSV-2 at delivery. The risk of a sus-
ceptible woman contracting HSV from an infected man is 80%
after a single contact."' Transmission of HSV-2 between monoga-
mous sexual partners with discordant infection status is 10 to 15%
yearly.'!

There may be other implications of this earlier acquisition of
HSV-2. First episodes of HSV-2 in the presence of preformed
HSV-1 antibody results in milder episodes of HSV-2 infection
with a lower frequency of signs and symptoms and a shorter du-
ration, probably because of a partial protection.*>*® One study
reported that previous HSV-1 infection did not reduce the rate of
HSV-2 infection but it did increase the likelihood of asymptomatic
seroconversion, as compared with symptomatic seroconversion, by
a factor of 2.6.%” In the absence of HSV-1 antibody, HSV-2 genital
infection can be severe. This HSV-2 infection, because it is an
ulcerative disease, may further increase the risks of acquisition of
HIV, as indicated by increased relative risks of 1.5 to 2.0."" When
HSV-2 causes genital ulcers, the mucocutaneous barriers are dis-
rupted and CD4" T cells move to the site, thus making the transfer
of HIV from an infected person more likely.*® The presence of
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genital ulcers increases the transmission of HIV, and the presence
of HIV adversely affects the natural history of HSV infection.*®
The rates of HSV seropositivity are very high in HIV-infected
persons; a study in Baltimore revealed HSV-2 seroprevalence of
81% among homosexual or bisexual men who were HIV-
positive.*®

The frequency of recurrences of genital HSV varies among in-
dividuals. One third of patients are estimated to have recurrences
in excess of eight or nine per year and one third will have between
four and seven recurrences per year.'' Recent studies have sug-
gested a high frequency of HSV DNA in genital secretions, as
detected by PCR, between clinical recurrences, confirming the
continued asymptomatic shedding of this virus. The frequency of
clinical recurrences of HSV-2 genital disease varies somewhat
between men and women, with calculations of 2.7 and 1.9 recur-
rences per 100 days, respectively.'' Overall, several studies have
calculated that the frequency of clinical recurrences is as high as
60%"" for women with established genital HSV-2 infections and
asymptomatic shedding is detected on at least 1 to 5% of days
when cultures are performed.'' In one study, women shed HSV-2
on 28% of days but only 40% of these had clinical signs.*> When
PCR is used to evaluate serial genital swabs from women with
genital infection, a significant increase in the frequency of HSV
DNA shedding is observed, suggesting chronic infection rather
than intermittent infection.'' The asymptomatic and perhaps
chronic shedding from genital HSV probably explains the recent
explosion in HSV-2 serology prevalence. In a review paper on
genital herpes the authors concluded “Herpes infection cannot ac-
curately be described as a recurrent disease, but as a chronic in-
fection of the sensory ganglia with variable levels of epithelial
expression”.*! Although precise data on genital shedding is lack-
ing, emerging data suggests that reactivation and viral shedding
persist for at least 8 to 10 years.?”

This increase in genital HSV occurred at a time when the prac-
tices recommended for reducing HIV transmission were being pro-
moted and were effective, suggesting that this same approach may
not be effective for prevention of transmission of genital HSV or,
alternatively, that people at risk of HSV-2 are not sufficiently
motivated to adopt safer practices. Although antiviral therapy sup-
presses clinical and subclinical shedding, shedding still occurs at a
low frequency and titer during antiviral therapy.

An increasing proportion of genital infections, moreover, is at-
tributable to HSV-1 rather than to HSV-2.""4>** The decreasing
prevalence of HSV-1 before puberty in the affluent or developed
countries and the increase in orogenital sexual practice have lead
to a change in the epidemiology of HSV-1 and -2. HSV-1 is now
causing disease in a territory formerly inhabited exclusively by
HSV-2 and vice versa. Among sexually active adults, new genital
HSV-1 infections are as common as new oropharyngeal HSV-1
infections, probably with a correlating association.®” The fre-
quency of HSV-2 in the orofacial and ocular area has not been
recently chronicled. Because HSV-1 seropositivity may provide
partial protection against HSV-2 infection, the clinical manifes-
tations of HSV-2 infection are probably more pronounced in the
absence of HSV-1 serology.*’

Genital infections by HSV-1 are usually both less severe clini-
cally and are less prone to recur than HSV-2 genital infections.""
In the United States, approximately 10% of genital HSV is caused
by HSV-1, but this percentage is increasing;” it is estimated that 2
to 15% of all patients who are HSV-1-seropositive have genital
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involvement by HSV-1.*¢ About one third of new cases of genital

HSV are possibly caused by HSV-1, worldwide.*” In Edinburgh,
Scotland, genital infection caused by HSV-1 has increased from 20
to 40%.** In one study from England reported in 1990, genital
HSV was caused by HSV-1 in 48% of women and 29% of men. In
some areas of the United Kingdom, 50% of cases of primary
genital HSV are now caused by HSV-1.4%5%! These studies im-
plicating HSV-1 in genital infections make interpretation of sero-
logic data in the literature more problematic because most genital
infections are silent—an increasing number may be caused by
HSV-1—and, therefore, HSV-2 serology alone cannot estimate the
prevalence of genital herpes. In a prospective study of new infec-
tions, nearly 40% of newly acquired HSV-2 infections and nearly
two thirds of new HSV-1 infections were symptomatic (experi-
enced physicians conducted the study).>’” Among sexually active
adults, the new genital HSV-1 infections were as common as new
oropharyngeal HSV-1 infections.

The recurrence patterns of HSV-1 and -2 are different. HSV-1
tends to recur in the orofacial area but not in the genital area after
primary infection at one of these sites; conversely, HSV-2 tends to
recur in the genital area but not in the orofacial area after primary
infection at one of these sites. Subclinical shedding of HSV-1 after
genital infections occurs at less than one third of the frequency of
the shedding of HSV-2 after genital infections.* Ninety-five per-
cent of recurrent genital symptoms result from HSV-2.5% Although
90% of symptomatic primary genital infections with HSV-2 will
have a recurrence of symptoms, only 60% of those with HSV-1
genital infection will have recurrent symptoms. Among 664 per-
sons with genital HSV followed for more than 14 months,?' the
recurrence rate was about one per year if HSV-1 caused the pri-
mary genital herpes; the recurrences were about five per year if
HSV-2 caused the primary genital herpes. Over time, the HSV-2
recurrences become less frequent, but there is considerable vari-
ability among patients.

OCULAR HSV EPIDEMIOLOGY

There have been several epidemiology studies of HSV ocular
disease, although all remain limited in scope and confirmation.
HSV, nonetheless, appears to be the most common infective cause
of blindness in many developed countries,”® primarily because of
its recurrent nature. The primary reports to be summarized include
the studies from Moorfields Eye Hospital in London, the epide-
miology studies from Rochester, Minnesota, and the Herpetic Eye
Disease Study (HEDS) funded by the National Eye Institute (Table
4). Ocular disease may be classified as primary or recurrent and
may also be classified as blepharitis, conjunctivitis, epithelial kera-
titis, stromal Kkeratitis, iridocyclitis, or retinitis based on the in-
flamed tissue. Recurrences are typically with the same strain and
may be triggered by fever, hormonal changes, ultraviolet exposure,
psychological stress, ocular trauma, and trigeminal nerve manipu-
lation.'® The excimer laser has been shown to be an efficient
trigger for reactivation of latent HSV-1,>* but there has not been a
recognized epidemic of HSV keratitis after the recent boom in
refractive surgical procedures.

Moorfields Studies
Investigators from Moorfields Hospital in London have looked
at the epidemiology of ocular HSV disease with several different

TABLE 4. Ocular HSV epidemiology

Recurrences caused by same strain of virus as initial infection
Known triggers to reactivation; no recognized epidemic despite refractive
surgery
Ocular HSV is at least six times more prevalent after corneal transplant
surgery
Up to 21% of acute conjunctivitis may be caused by HSV
Recurrent HSV can present with isolated lid, conjunctival, epithelial,
stromal or intraocular inflammation (most recurrences do not affect the
cornea)
Recurrences in 20% by 2y, 40% by 5y, and 67% by 7 y
About 20-25% develop stromal keratitis
Over 90% of patients maintain good visual acuity despite prolonged
disease
Epidemiology of ocular HSV (reported in 1988)
New episodes of HSV: 8.4/100,00/y
All episodes of HSV: 20.7/100,000/y
Prevalence of HSV: 149/100,000 people
Bilateral disease in about 10-12%: more common in atopes,
immunosuppressed
Oral acyclovir effective in decreasing incidence of recurrent HSV ocular
disease
Oral acyclovir not effective in preventing subsequent stromal keratitis or
iritis
Oral acyclovir not effective in stromal keratitis
Topical steroids reduce persistence/progression of stromal inflammation
Topical steroids do not significantly increase risk of recurrent epithelial
disease
HSV keratitis tends to be more severe in children
Despite multiple laboratory techniques, ocular HSV is difficult to confirm
HSV in patients with HIV has same clinical course, except for increased
recurrence rate

studies over decades. In a series of patients with acute follicular
conjunctivitis and keratoconjunctivitis reported in 1978, there
were 25 cases of herpes simplex. Most of these were in the age
range of 20 to 35 years and five of these developed typical herpetic
lesions on the lids or cornea. They emphasized for the first time the
presentation of primary HSV as conjunctivitis in adults.>® In a
further series of all patients with acute conjunctivitis reported in
1984, 21% were determined to have HSV as the etiology.>®
Primary ocular HSV infections between 1973 and 1980 were
detailed in 108 patients.>” All ages were represented with the mean
age for this first episode of ocular HSV being 25 years. Sixty-four
percent were over the age of 15 years and 7% were under the age
of 5 years. An upper respiratory infection was present in 35% and
generalized symptoms, in 31%. Moderate or severe conjunctivitis
was present in 84%; moderate or severe blepharitis was present in
38%. During this first episode of ocular HSV, dendritic ulcers
occurred in 15% and disciform keratitis in 2%. Seven percent had
acute follicular conjunctivitis only and in 15%, a chronic blepha-
roconjunctivitis lasted for months. Overall, moderate disease oc-
curred in 38% and severe disease, in 15%. The disease was uni-
lateral in 81% and bilateral in 19%. The observed ocular HSV
infections were probably modulated by previous systemic infec-
tion with HSV-1, which was prevalent at the time of the study.
These same 108 patients with primary ocular HSV were then
followed for 2 to 15 years to determine the pattern of recurrent
disease.”® Thirty-two percent had a recurrence, which was more
frequent in patients under the age of 20 years. Of those with a
recurrence, 49% had 1 recurrence, 40% had 2 to 5 recurrences, and
11% had 6 to 15 recurrences. The interval between attacks short-
ened with time. Patients with more severe conjunctival signs dur-
ing primary ocular HSV infection had a higher incidence of re-
current infection; severity of corneal signs had no influence on the
incidence of recurrent infection. Recurrences usually occurred ei-
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ther as conjunctivitis or lid lesions; corneal disease was uncom-
mon. Of those with a corneal infection during the primary episode,
only 31% developed a recurrent infection. Only 9% had a dendritic
ulcer during a recurrence and only one patient had disciform kera-
titis. Therefore, most recurrences did not involve the cornea.

The prognostic factors for recurrence of HSV were identified in
a different series of 152 patients followed for 5 years after epithe-
lial keratitis.>® The average age was 49 years with 64.5% being
male. At entry into the study, 119 had a history of a prior dendritic
ulcer (78%) and 22% had a history of a prior geographic ulcer.
Fifty-five percent of the latter were taking steroids. Forty percent
had a recurrence of epithelial disease within 5 years; 21% had
more than one recurrence. Twenty-five percent developed stromal
keratitis, of which 63% had a disciform keratitis and 37% had an
irregular stromal keratitis. Five percent developed ocular hyper-
tension. On final evaluation, vision was 20/20 to 20/40 in 73%,
20/60 to 20/200 in 24%, and less than 20/200 in 3%. Only 6% of
the total 152 eyes had poor vision related to stromal keratitis,
despite 22% of eyes having stromal scarring. There was no cor-
relation of treatment with topical antiviral on the recurrence rate.
Ocular surgery was performed on three patients (one penetrating
keratoplasty).

A random selection was made of a 1-week period in July 1994,
during which all patients with ocular HSV were categorized.®® Of
229 patients seen that week, 39 patients were identified. In com-
parison with prior studies, the authors felt that the prevalence of
ocular HSV disease had decreased but that the resultant visual
impairment had worsened. The predominant disease being treated
was stromal keratitis (at this referral institute) and patients had
significant morbidity and visual handicap. It was their impression
that age of onset, gender, and the incidence of bilateral disease had
not changed in 20 years.

Rochester, Minnesota Series

In the study by Liesegang et al.,>® 122 patients with their first
recognized clinical episode of ocular HSV were followed for up to
33 years. In this study, ocular HSV was defined as any lid, con-
junctival, and corneal disease between 1950 and 1982. The inci-
dence (age-adjusted) was calculated to be 8.4 new cases per
100,000 people per year. The initial episodes involved the lids or
conjunctiva in 54%, the superficial cornea in 63%, the deep cornea
in 6%, and the uvea in 4%.

The incidence of all episodes was calculated at 20.7 cases per
100, 000 people per year. The prevalence of ocular HSV disease in
the community was calculated at 149 per 100,000 population.
There was no evident seasonal trend. The mean age of onset was
37.4 years, which increased slightly each decade of the 33-year
study. There was a shorter time interval between recurrences with
each recurrence. The recurrence rates for any form of ocular dis-
ease was 9.6% at 1 year, 22.9% at 2 years, 36% at 5 years, and
63.2% at 20 years; the rates increased with subsequent repeated
episodes. Other recurrence rates reported in the ophthalmic litera-
ture ranged from 22.9 to 33% at 2 years, 40% at 5 years, and 67%
at 7 years,>*61-93

The disease was bilateral in 11.9%; other studies in the literature
vary because most prior studies limited the definition to bilateral
corneal involvement. The predominant form of recurrent disease
was dendritic corneal involvement, although 20% had only recur-
rent lid involvement. Of 151 patients with recurrent disease, 28
(20%) developed stromal disease. Patients tended to get a recur-
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rence of the same type of ocular disease they had previously, that
is, patients with epithelial disease tended to get recurrent epithelial
disease; this was similar for conjunctival disease and stromal dis-
ease. The average length of debility during the first episode was 17
days (average 4 visits to the ophthalmologist) but increased to 28
days with recurrent episodes (average 5.9 visits to the ophthal-
mologist). Of 131 eyes, 91 maintained 20/20 vision; only 3 of 131
eyes had final vision that was worse than 20/100. In this series, no
cases of retinal or neonatal herpetic disease were recognized. The
epidemiology of ocular herpes simplex was contrasted with other
herpetic disease in the Rochester community in the 1970s and
early 1980s; it was demonstrated that ocular HSV is less common
than other herpetic diseases (Table 5).

HEDS Study

The HEDS study evaluated patients from different therapeutic
perspectives but yielded valuable epidemiologic data. Patients
were selected for the study so they do not represent the entire
spectrum of patients with ocular HSV disease. Patients were lim-
ited to over 12 years of age; pregnant or nursing women or patients
on systemic corticosteroids or previous penetrating keratoplasty
were excluded. After a prior episode of ocular HSV, 703 immu-
nocompetent patients were treated with 400-mg acyclovir or pla-
cebo twice daily with 12 months of treatment and 6 months of
observation.®* In this somewhat selective group, 54% were men.
The average age was 49 years with 79% Caucasians, 9% African-
American, 8% Hispanic, and 3% Asians. All had ocular HSV
within the previous 12 months. Before entry into the study, 29% of
the patients had one episode of ocular HSV, 33% had two or three
episodes, and 39% had more than four previous episodes. Disease
within the previous 12 months included blepharitis or conjuncti-
vitis only (4%), epithelial disease with no stromal disease (47%),
stromal and epithelial disease (32%), stromal with no epithelial
disease (16%), and iritis only (1%). There was a history of orofa-
cial HSV disease in 49% and a history of genital disease in 1%. A
recurrence of some form of ocular HSV occurred in 19% of acy-
clovir-treated and 32% of the placebo-treated (p < 0.001) during
the 18 months of the study. There was a recurrence of stromal
disease in 14% of the treated group and 28% of the placebo group
(p = 0.005). There was a recurrence of non-ocular HSV in 19% of
the acyclovir-treated and in 36% of the placebo-treated (p =
0.001). The beneficial effect of acyclovir was established and there
was no rebound after acyclovir was withdrawn. Earlier studies,
before oral acyclovir, reported that patients with HSV stromal
keratitis had recurrent HSV stromal keratitis in 27 to 64% of eyes
within 2 years.®>%¢

A 3-week course of oral acyclovir was used as prophylaxis to
prevent HSV stromal keratitis or iritis in patients being treated for
active epithelial keratitis with topical trifluridine.®” There were

TABLE 5. Comparative frequency of herpetic diseases in
Rochester, Minnesota

Disease Incidence/100,000/y Reference
Ocular HSV 8.4 53
Genital HSV 50 (in 1965) 147
Genital HSV 128 (in 1979) 147
Herpes zoster 125 148
Herpes zoster ophthalmicus 11.7 148
Neonatal HSV (0 in 12,500 births) 147
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289 patients who were studied: 153 in the acyclovir group and 134
in the placebo group. This was the first episode of ocular HSV for
46% (133) of the patients. There as a history of epithelial keratitis
in 145 patients, prior epithelial keratitis but no history of stromal
keratitis or iritis in 105, and prior epithelial keratitis plus a history
of either stromal keratitis or iritis in 40. Thirty-nine patients had
previous HSV stromal keratitis and 11 had previous HSV iritis.
Two patients had stromal keratitis without epithelial keratitis and
one patient had iritis without a history of epithelial keratitis. HSV
stromal keratitis or iritis developed in 11% of 153 patients in the
acyclovir group and 10% of 134 patients in the placebo group; the
development of stromal keratitis, however, was more frequent in
patients with a prior history of HSV stromal keratitis (23 vs. 9%).
This was different than an analysis of several series in the litera-
ture, which suggested that 25% develop stromal keratitis or iritis
after epithelial keratitis, with 75% developing it in the first year.®’
The authors concluded that there was no apparent benefit from oral
acyclovir in preventing subsequent stromal keratitis or iritis. Pa-
tients in the acyclovir group tended to have fewer recurrences of
epithelial keratitis during the 3-week treatment period but more
during the remainder of the 12 months of follow-up than the pa-
tients in the placebo group.

The HEDS study evaluated the effect of topical steroids on HSV
stromal keratitis.®® Among 106 patents, the type of stromal kera-
titis was nonnecrotizing in 91%, necrotizing in 6%, and mixed in
3%. Iridocyclitis was present concomitantly in 36% and a high
intraocular pressure (trabeculitis) in 16%. Despite all patients hav-
ing stromal keratitis, the final vision in this series was 20/40 or
better in 67%, 20/50 to 20/190 in 22%, and 20/200 or worse in
only 10%. The topical corticosteroid regimen used in the study was
significantly better than placebo in reducing persistence or pro-
gression of stromal inflammation and in shortening the duration of
HSV stromal keratitis. Postponing steroids during careful obser-
vation for a few weeks delayed resolution of stromal keratitis but
had no detrimental effect as assessed by visual outcome at 6
months.

The HEDS study evaluated patients for the effect of oral acy-
clovir on HSV stromal keratitis.> Among the 104 patients ran-
domized, the type of stromal keratitis was nonnecrotizing in 88%,
necrotizing in 7%, and mixed in 5%. Iridocyclitis was present
concomitantly in 30% and a high intraocular pressure (trabeculitis)
was present in 14%. Despite all patients having stromal keratitis,
the final vision in this series was 20/40 or better in 65%, 20/50 to
20/190 in 27%, and 20/200 or worse in 8%. There was no statis-
tical or clinically significant beneficial effect of oral acyclovir in
patients already being treated with topical steroids and trifluridine
with regard to time-to-treatment failure, proportion of patients who
failed treatment, proportion of patients whose keratitis resolved,
time-to-resolution, or 6-month best corrected visual acuity.

The HEDS study evaluated the risk factors for HSV epithelial
keratitis recurring during treatment of stromal keratitis or iridocy-
clitis.”® Epithelial HSV recurred in 4.6% of 260 patients during the
follow-up period of 16 weeks. It recurred in 2% of the topical
placebo-treated patients (n = 49), in 6.5% of the topical steroid-
treated with no acyclovir (n = 138), and in 2.7% of the topical
steroid-treated with acyclovir (n = 73) (no significant differ-
ences). This study differs markedly from the literature in that
Patterson and Jones’' showed 42% recurrence in a placebo group
compared to 15% in an idoxuridine-treated group. Sundmacher®’
reported 21% recurrence in the placebo and 0% in a trifluridine

treated group. A prior study suggested an equal protective effect of
either topical antiviral or oral acyclovir.”> In the HEDS study,
there was a suggestion that oral acyclovir may have additive sup-
pressive effects in patients on topical steroids; however, HSV oc-
casionally recurred despite combined treatment with oral and topi-
cal antiviral agents. These studies also confirmed that patients with
multiple prior episodes of HSV tended to have future recur-
rences.”” Patients who are more likely to have recurrence of HSV
epithelial keratitis include patients with prior HSV epithelial kera-
titis and nonwhite patients. Adverse effects of trifluridine prophy-
laxis included acute allergic blepharoconjunctivitis in 3.8% and
corneal epithelial erosions in 4.2%.

Other Ocular HSV Studies

The recurrence rate of epithelial keratitis in the United States
was reviewed in 1981 among patients with at least two prior epi-
sodes of epithelial herpetic disease.®® The estimate of recurrence of
epithelial herpes was 24.5% within 12 months and 32.9% within
24 months. Short intervals between attacks tended to be associated
with short intervals between future attacks. These recurrence rates
were higher than other studies because they already selected pa-
tients who had two prior epithelial episodes.

HSV Kkeratitis in children tends to be more severe, with a higher
incidence of geographic ulcers as compared to adults.”* In a series
of 31 eyes with HSV keratitis in children reported from Dublin,”*
there was more astigmatism, reduction of vision, and recurrences
as compared to studies in adults. In children with geographic or
disciform keratitis, 89% had reduced visual acuity, 78% had in-
duced astigmatism, and 87% had recurrences. A prior study of
HSV Kkeratitis in 21 children also emphasized the frequent recur-
rences and visual loss in children.”®

Ocular HSV was studied over a 30-year period in Japan in 370
eyes of 356 patients. The patients were divided into a 1963-1979
group and a 1980-1992 group, primarily to determine whether
there has been a change in the natural history since the introduction
of acyclovir ointment in 1980.7¢ The earlier group had its highest
incidence in the age range of 30 to 39 years (mean, 36.0 years); the
later group had its highest incidence in the age range of 40 to 49
years (mean, 40.0 years). The mean age of patients with primary
HSV keratitis was 7.06 years in the earlier group but was 24.2
years in the later group (p < 0. 005); the authors concluded that this
correlated with the entire Japanese population contracting herpes
simplex disease at a later age. Other studies have confirmed a
decrease in HSV serology among adults in Japan.”” Men predomi-
nated both series. The predominant ocular disease was epithelial,
present in 50 to 57%; stromal disease was present in 39 to 49% and
endotheliitis in 0 to 4%. Severe stromal keratitis was seen in less
than 10%. In evaluating their data, the authors found no change in
the clinical types of ocular HSV seen over the previous 30 years.
Bilateral keratitis (usually epithelial only) was seen in 9.4%; it was
more frequent in men, younger patients, and atopic patients (36%).
The authors found a significant decrease in recurrence rates in the
acyclovir-treated (17.5%) versus idoxuridine-treated patients
(52.9%; p < 0.05).

Ocular HSV was evaluated in South India between 1995 and
1997.7® There were 234 patients (2.1:1, male: female ratio) among
3,000 patients attending a corneal clinic. The mean age of the
patients with ocular HSV was 29 years (range, 9 months to 65
years) with no seasonal variability identified. There were 137 pri-
mary ocular HSV episodes and 97 recurrent ocular episodes. Re-
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currences were more frequent in men, consistent with other stud-
ies.>®737 Among the primary episodes, 50% occurred among
adolescents and young adults, with only 10% under the age of 5
years. The authors felt this was a higher age than was previously
reported, but provided no supporting data.®® One hundred fifty-
three patients had epithelial disease and 81 had stromal keratitis.
Among the patients with epithelial disease, 68% had dendritic
keratitis, 11.1% had geographic keratitis, and 9.8% had punctate
epithelial keratitis. Among the patients with stromal keratitis, dis-
ciform keratitis was present in 28.2% and necrotizing keratitis in,
6.4%. The major focus of the study was to evaluate laboratory tests
in aiding the diagnosis; using multiple diagnostic tests (viral cul-
ture, HSV-specific antigen detection by indirect immunofluores-
cence, serum immunoglobulin G [IgG] or IgM, or tear secretory
IgA), only 34.2% of clinically suspected HSV cases could be
confirmed.

The incidence of ocular HSV per 100,000 people per year has
been estimated at 4.1 in Croatia®® and 5.9 to 12 in Denmark,®'-®!
compared to 20.7 in Rochester, Minnesota.>® The incidence of
HSYV epithelial keratitis is six times (120 per 100,000 people per
year) higher in patients who have undergone corneal transplanta-
tion (for non-herpetic corneal disease).®

There is only one study on the incidence of adult ocular disease
caused by HSV-1 as compared to HSV-2; this was reported in
1978 from Germany.®’ In a continuous series of 457 patients, virus
isolation and typing revealed 154 patients with HSV-1 and three
patients with HSV-2. There is no recent large study to determine
whether that frequency has changed. There is at least one report of
simultaneous HSV-1 and -2 infecting a cornea in a patient with
AIDS.®* Approximately 10% of corneal transplants in the United
Kingdom between 1987 and 1991 were performed because of HSV
keratitis.®>

The frequency of bilateral ocular HSV varies in the literature,
partially because the definition of bilateral disease varies; some
report any form of lid, conjunctival, or corneal disease and others
report only keratitis. Atopy, HIV infection, and other forms of
immunosuppression predispose to prolonged or bilateral dis-
ease.'®#587 In a series of 1,000 patients with ocular HSV keratitis,
30 patients (60 eyes) or 3% had a history of bilateral corneal
dendrites.®® Seventy percent were men and atopic disease was
present in 40%. There was a recurrence in 41 of the 60 eyes (68%)
and stromal disease occurred in 24 of the 60 eyes (40%). Patients
with bilateral disease tended to be younger and had a higher pro-
portion of ocular complications. In a series of 356 patients fol-
lowed over 30 years in Japan, bilateral keratitis was found in
9.4%.7° It was more frequent in men and younger patients, al-
though 36% were atopic. In this series, HSV usually affected the
epithelium only. In the community-based series from Rochester,
Minnesota, that was followed over 33 years,53‘73 ocular HSV was
defined as any form of herpes simplex, including lid, conjunctival,
or corneal. Using this definition, 11.9% (18 patients) had bilateral
ocular HSV; 5 of these 18 patients (28%) were atopic. Most bi-
lateral episodes represented lid and conjunctival disease at their
first episode of ocular HSV. Simultaneous corneal involvement
was seen in only one patient.

Several studies reviewed the circannual rhythm of ocular HSV
with most studies reporting a more frequent occurrence during the
winter months. One specific study evaluated the circannual
rhythms of ocular HSV among 541 patients over a 14-year period
in Israel.®® A peak was found in January, but only for epithelial
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keratitis and only in men; atopic patients, however, had a higher
incidence in September. There was no association of rhythms and
triggers for upper respiratory infection. In a study in the United
States, November through February was found to have the highest
frequency of ocular HSV recurrences®; another study found the
peak frequency in November.’*”? In a study from Japan, the high-
est number of episodes occurred in the December to February
months (winter and spring in Japan).”®

The role and frequency of ocular shedding (either spontaneous
or induced) in recurrent ocular disease is far from clear. There are
useful animal models with predictable induced ocular shedding.
Animal models have also been shown to demonstrate spontaneous
asymptomatic HSV ocular shedding, but there are significant spe-
cies differences.’'->* In humans, the data are conflicting and con-
fusing; asymptomatic shedding has been found in up to 30% of
humans,”® whereas a more recent study failed to detect any ocular
shedding.*

The incidence and clinical profile of ocular HSV was compared
in patients who were positive and negative for HIV.® Seven cases
in the HIV-positive group were identified and contrasted with 27
cases in the HIV-negative group. There was no statistically sig-
nificant difference between the groups for any of the outcome
measures, except for recurrence rates. The recurrence rate was 2.48
times more frequent among patients positive for HIV. Except for
recurrence rate, the incidence and clinical course of HSV keratitis
in this study was no different among patients positive and negative
for HIV. Unlike cytomegalovirus and varicella-zoster virus infec-
tions, ocular HSV does not seem be a major problem among pa-
tients who are HIV-positive. They did not confirm a lower inci-
dence of stromal keratitis, as was suggested in a prior study.”®
There is at least one report of simultaneous HSV-1 and -2 infecting
a cornea in a patient with AIDS.%*

CONGENITAL AND NEONATAL HSV

HSV-1 and -2 can be acquired in utero, by transplacental or
ascending infection, by exposure to genital lesions during delivery,
or postnatally from relatives or attendants.®” There is a spectrum of
clinical manifestations of HSV infection depending on the stage or
trimester when HSV is contracted.”® The route of viral transmis-
sion may play a role in clinical manifestations. Intrauterine acqui-
sition of the virus is thought to comprise just 4% of neonatal HSV,
whereas 86% of infections are thought to occur at the time of birth,
with the remaining 10% presenting as postnatal infections.®® Con-
genital infection is characterized by the triad of skin vesicles or
scarring, eye disease, and microencephaly or hydranencephaly.
Typical findings of congenital ocular HSV infection include mi-
crophthalmos, retrolental masses, retinal dysplasia, cloudy lenses,
optic atrophy, and retinal scarring. Congenital HSV retinitis is
associated with other clinical evidence of intrauterine infection
with HSV-1 or -2. Congenital HSV occurs in mothers who have a
new onset HSV-2 genital disease during pregnancy. The history
can sometimes be elicited, but there are usually no active genital
infections in mothers at delivery.

Neonatal HSV infection it characterized by an equal male to
female ratio, lower socioeconomic class, and usually first full term
pregnancy.'® It is a bilateral disease in infants occurring at 2 days
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to 2 weeks of age.'®! Thirty percent of mothers have signs or
symptoms of HSV genital infection around the time of delivery.
Up to 50% infants are born prematurely. Skin involvement is
observed in 80% (whereas 20% have no skin involvement to aid in
making the diagnosis).'°®'°" Active ocular infection occurs in 20
to 25% of neonates who are HSV-infected, with 5% developing
HSV retinitis. Typical ocular findings in neonatal-acquired her-
petic disease include corneal ulceration, anterior uveitis, cataract
formation, vitreal inflammation, chorioretinitis, and optic atro-
phy.®® The retina may be infected by direct viral invasion.'* Reti-
nal findings are usually not apparent until 1 month or later.'®!
Most cases of neonatal HSV retinitis are associated with HSV
infection of the central nervous system, but 20% are associated
with conjunctivitis, keratitis, or dermatitis.'®® There is a higher
prevalence of ocular infection (60%) when HSV encephalitis is
present, and 20 to 25% of these may develop retinitis.'®* Although
35% of neonatal HSV disease is caused by HSV-1,""* almost all
neonatal HSV retinitis is caused by HSV-2; one exception has
been reported.'%

The epidemiology of neonatal HSV infection is better known
than that of congenital HSV-related diseases. An increase in neo-
natal and congenital HSV was anticipated and is occurring because
of the recent marked increase in genital herpes. Neonatal HSV has
been reported in Denmark'®® at a rate of 2.36/100,000 live births
from 1977 to 1984 and of 4.56/100,000 live births from 1984 to
1991. During this time, there were 30 infants with serious neonatal
herpes. In California between 1985 and 1995, the rate of neonatal
HSV was approximately 11.4/100,000 live births.'®” Neonatal
HSV in Britain'®® was reported at a rate of 1.65/100,000 live births
(76 infants). Among these 76 infants, the HSV infection was
caused by HSV-1 in 25, by HSV-2 in 24, and unknown in 27.
Disseminated infection occurred in 27 infants, encephalitis in 23,
and localized infection in 26. Of all, 19 neonates died and 25 later
died of sequelae. Most had symptoms only after discharge from the
maternity ward and only two had the diagnosis antenatally. Most
mothers had no symptoms or history, so antenatal screening is not
effective.

In a Center for Disease Control study of neonatal herpes among
184 hospital-based cases reported in 1989,'° only 22% of mothers
had a history of genital infection and 9% of mothers had genital
lesions at the time of delivery. Cesarean delivery failed to prevent
infection. This study confirmed prior studies in that mothers of
infected neonates usually have no history of genital HSV and are
usually asymptomatic at delivery.''® These finding put limitations
on current preventive strategies.

In a study from Sweden in 1995 reporting 39 children with
neonatal HSV,"'"! 13 mothers had primary infection (6 with HSV-1
and 7 with HSV-2). Most neonates with HSV-1 infection recov-
ered completely, whereas all but one with infection associated with
HSV-2 died. The mean age of onset of disease was at day 7, most
commonly as disseminated disease. Of the 20 mothers with recur-
rent herpes disease (2 with HSV-1 and 18 with HSV-2), most of
the children had localized disease with onset at 14 days but with
high neurological sequelae. Two mothers had no serologic signs of
HSV infection. Changes in the presentation of neonatal HSV in-
fection over the past two decades include an increase in the fre-
quency of skin, eye, and mouth disease with a relatively un-
changed rate of central nervous system disease and a relative de-
cline in disseminated infection.''?

EPIDEMICS OF HSV

Epidemics of HSV infections have been reported when nonim-
mune individuals are intimately exposed to another infected per-
son. Herpetic whitlows are an occupational hazard for health care
workers exposed to oropharyngeal secretions; it has an estimated
incidence of 2.4 cases per 100,000 people per year.'' Nosocomial
outbreaks have occurred in neonatal nurseries, in intensive care
units, and in dental practices. HSV-1 may spread through closed,
susceptible populations of young children, such as nurseries and
daycare centers.''> HSV-1 skin infections have been transmitted in
wrestlers (herpes gladiatorum) and rugby players.''* Burn pa-
tients''” are at risk, as well as other immunocompromised indi-
viduals. Prostitutes with HSV-2 can easily spread the disease with
the appearance of an epidemic; anal and perianal HSV-2 infec-
tion can spread among homosexual men.

Most epidemics of HSV do not involve the eye but have been
reported in wrestlers (herpes gladiatorum).''® Of 175 wrestlers
attending a 4-week intensive training camp, 60 (34%) developed
HSYV disease; 5 (8%) developed ocular involvement, mainly with
follicular conjunctivitis, blepharitis, and phlyctenular disease. Epi-
demiologic studies confirmed the same strain of herpes simplex.

OTHER OCULAR DISEASE CAUSED BY HSV

Acute retinal necrosis (ARN) is a severe form of necrotizing
retinitis usually caused by HSV-1 in younger patients and vari-
cella-zoster virus in older patients; HSV-2 is less commonly a
cause.'!” A recent review of 28 patients with the ARN syndrome,
however, detected varicella-zoster virus in aqueous or vitreous
samples in 13 patients, HSV-1 in 7 patients (6 of these patients had
HSYV encephalitis), HSV-2 in 6 patients, and cytomegalovirus in 1
patient.''® The authors conclude that varicella-zoster virus or
HSV-1 causes ARN in patients older than 25 years, whereas
HSV-2 causes ARN in patients younger than 25 years. A history of
central nervous system infection in a patient with ARN syndrome
suggests that HSV is likely to be the viral cause.

In a recent study of 16 cases of ARN from Japan, 7 were
associated with HSV-2, 9 were associated with varicella-zoster
virus, and none were associated with HSV-1."'° The authors note
that in Japan, HSV genital infection is caused by HSV-2 in only
34.5% of women and that the seroprevalence of HSV-2 in women
is markedly lower in Japan (7%) compared to the United States
(27.8%); these statistics may support their belief that HSV-2 is the
cause for ARN in Japan. There may be genetic, biologic, or host
sensitivity differences to explain the differences between reports in
the United States and Japan.

Typical cases of ARN begin with retinal vasculitis and a diffuse
uveitis. In the original definition of ARN syndrome, immunocom-
petency was a requisite.'?*'?! The definition is now expanded to
include immunosuppressed patients. In both healthy and immuno-
suppressed adults, HSV-1 has been shown to cause other types of
ocular inflammatory syndromes that differ from classic ARN syn-
drome.'?°

HSV has been detected in the aqueous humor of patients with
the Posner-Schlossman syndrome.'*> HSV has been implicated as
a possible cause of Fuchs’ uveitis syndrome'?* and the iridocor-
neal endothelial syndrome.'?* Linear endotheliitis is a form of
HSYV infection of the endothelium and has been reported with a
variety of names in the literature, including keratitis linearis mi-
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grans, presumed autoimmune corneal endotheliopathy, progressive
herpetic corneal endotheliopathy, and idiopathic corneal endothe-
liopathy.'23~13! Several of these latter patients have had an anterior
chamber paracentesis that disclosed a positive antibody to HSV
antigen or detected HSV by PCR.'?”'?8 HSV has also been im-
plicated in early corneal graft failure.'3*-'34

The concept of corneal latency for HSV has been discussed in
recent years, although no firm conclusion has been estab-
lished.'*>'3¢ If confirmed, the cornea would be the first human
tissue other than nervous tissue to harbor latent virus and may
place ocular tissue at a higher risk for recurrence and may also help
distinguish the ocular epidemiology compared to the epidemiology
of orofacial or genital recurrences.

IMPLICATIONS FOR THE FUTURE OF
OCULAR HSV

38,137-139

HSV disease is a significant health problem (Table 6).
The virus is latent in almost all older patients. Antiviral drugs do
not eliminate latent virus. Asymptomatic shedding is common;
these patients are contagious and the primary source of spread of
the disease. Recent evidence suggests that chronic genital shedding
may occur, at least in some clinical situations. Naturally infected
persons can also still be reinfected, superinfected, or autoinocu-
lated. Although most HSV infections are spread by close personal
contact, some are contracted by fomites and medical-dental pro-
cedures. High at-risk groups includes patients with atopic disease,
HIV, and immune-suppressed patients.

Assays of HSV-specific antibodies have been used in seroepi-
demiologic surveys in the past to confirm the presence of preex-
isting HSV-1; preexisting HSV-1 antibody reduces the severity of
genital HSV-2 infection.'*® Because HSV-1 infection during
childhood is decreasing, primary genital HSV-2 infection, with its
higher frequency of clinical manifestations, is becoming a greater
burden to the public health in the United States and the world.*®
The serologic prevalence of HSV-2 infections is rising at an alarm-
ing rate. At the same time, the epidemiology of genital HSV is
changing with an increasing incidence of genital HSV caused by
HSV-1. It is not clear how many patients may have both HSV-1
and -2 as a cause of genital HSV infection. The increasing acqui-
sition rate of genital HSV among women of childbearing age has
been associated with more neonatal herpes than in past decades.''
Less than 10% of orofacial infections are caused by HSV-2, except
in selected sexually active populations where oral-genital contact
is frequent.'? There are no recent studies concerning the incidence
of ocular infection by HSV-1 versus HSV-2, except for the in-

TABLE 6. Summary of HSV epidemiology

HSV is increasing as a health problem

Most infections acquired by asymptomatic shedding

Patients may shed HSV chronically

HSV-1 infections are acquired at a later age now

HSV genital infections are increasing

HSV-1 is an increasing cause of genital infections

HSV serology is becoming problematic in determining site of clinical
infection

An increase in neonatal HSV infections is anticipated and observed

Unknown whether the epidemiology of ocular HSV is affected

Acute retinal necrosis is increasingly associated with HSV-2

Genital HSV is an increased risk factor for acquisition of HIV

Vaccine initiatives have not yet been fruitful
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creasing association of HSV-2 with ARN noted both in the United
States and Japan.''®'!?

Previous HSV-1 or -2 infection of the eye or other sites is
partially protective of subsequent ocular HSV reinfection, al-
though the degree of protection or amelioration is unknown. The
change in type (from HSV-1 to HSV-2) or a later age of acquisi-
tion may alter future patterns of ocular HSV. Viral reactivation and
clinical recurrences occur despite humoral and cellular immunity.
The local regional response may have more of an influence on
recurrence than previously credited.’

Genital HSV-2 (and probably genital HSV-1) infection is a risk
factor for HIV infection.'® Breaks in the genital mucosal barrier
and the recruitment of CD4" lymphocytes into areas of HSV rep-
lication increases the risk of acquisition of HIV.*%-'4%-14! Trans-
mission of HIV to sexual partners may also be aided by the pres-
ence of genital ulcers. High levels of HIV have been documented
in HSV lesions.'"** An acute HSV episode can result in increased
HIV transcription and plasma virus load.'** Thus, HSV may be a
cofactor in the acquisition of HIV infection, or may contribute to
in vivo activation of HIV or may cause severe infections. HSV
keratitis in patients with HIV has more recurrences, but the inci-
dence and clinical course does not appear to be different from
patients who are HIV-negative.”> With a growing population of
iatrogenically immunocompromised patients from organ and au-
tologous bone marrow transplantation and the increased number
with HIV infection, there will be more manifest herpetic infections
in the future; more frequent use of day care facilities may also lead
to a different age of acquisition of herpesviruses.'** Although
genital HSV may be a chronic infection, the frequency of symp-
tomatic genital reactivation decreases over time in the majority of
patients; however, the magnitude of the annual decrease is small
and highly variable.?'

Because of the increased incidence of genital HSV, the associa-
tion of genital HSV with increased risk of acquiring HIV, and the
increased rate of neonatal HSV, every effort should be made to
prevent genital HSV infections. Studies reported in 1988 estimate
that there are approximately 20,000 new cases of ocular HSV each
year and 48,000 total episodes with a prevalence in the population
about 400,000 affected people in the United States.'* It is not
known whether this rate has increased to correspond with the
increase in HSV-2 serology and whether the ocular cases are more
frequently associated with HSV-2 now.

Physicians and the public need to be aware of this epidemic and
need to increase safe practices. The use of vaccination to prevent
HSYV infections introduces unique problems because recurrences
are known to occur in the presence of humoral- and cell-medicated
immunity. Vaccines have been ineffective to date but continue to
be studied.''-'*¢
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