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Herpes zoster (HZ)/shingles is caused by the reac-
tivation of latent varicella zoster virus (VZV) in 
persons who have had varicella/chicken pox, the 
primary infection caused by VZV. After primary 
VZV infection, latent VZV is present diffusely in 
sensory ganglia. The cause of localized reactiva-
tion is incompletely understood, although it is 
known that decline in VZV-specific cellular 
immunity due to age, immunosuppression, or 
other reasons are important factors. HZ is usually 
associated with a typical unilateral, painful, often 
vesicular rash in a dermatomal/radicular distribu-
tion. Unilateral pain precedes the rash in a major-
ity of cases, and the pain is unlike any pain the 
person has experienced before [1]. The diagnosis 
is usually not made until the typical rash develops. 
However, Herpes Zoster Sine Herpete, the term 
used to describe radicular pain due to VZV in the 
absence of a rash can occur, and without a rash the 
diagnosis is often not considered and missed [2]. 
Herpes zoster ophthalmicus (HZO) refers to HZ 
when the fifth cranial/trigeminal nerve is affected 
and accompanied by ocular involvement.

Relatively new information regarding the 
epidemiology of HZ, vaccines to prevent HZ 
and its complications, and treatment of HZ, 
including current and possible new treatment 
under investigation, will be reviewed. Evidence 
regarding the increasing incidence and decreas-
ing age at the onset of disease, as well as the 
possibility that VZV is the trigger for tempo-
ral/giant cell arteritis will be presented. Current 
information on the efficacy, safety, Food and 
Drug Administration (FDA) approvals [3, 4], 
and Centers for Disease Control and Prevention 
(CDC) [5] recommendations for two vaccines 
against HZ, the Zoster Vaccine Live (ZVL), 
and the Recombinant Zoster Vaccine (RZV) 
will be discussed. Current recommended treat-
ment for HZ and HZO will be reviewed, and 
possible new treatment for HZO using pro-
longed suppressive antiviral medication cur-
rently under investigation in the Zoster Eye 
Disease Study (ZEDS), a multicenter random-
ized controlled clinical trial (RCT) funded by 
the National Eye Institute (NEI) of the National 
Institutes of Health (NIH), will also be dis-
cussed. Participation in this clinical trial is a 
unique opportunity to determine whether or 
not suppressive antiviral treatment of HZO will 
reduce complications and improve outcomes in 
eye disease caused by VZV, as it has been 
proven to do for herpes simplex virus eye 
disease.
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 Epidemiology

HZ is a common disease with over 1,000,000 
new cases per year in the USA [6] and with up to 
20% involving the trigeminal nerve, resulting in 
possible HZO [7]. According to the CDC, over 
99% of people aged 40 years and older born in 
the USA have had varicella/chicken pox, whether 
they know it or not, and they are at risk for HZ 
[5]. Approximately 30% of people will have HZ 
during their lifetime. Although HZ is more com-
mon and severe in immunocompromised per-
sons, over 90% of people with zoster are not 
immunocompromised [8]. It is a common mis-
conception that healthy people are not at risk for 
HZ and its potentially disabling sequelae, when 
in fact they are. Although the incidence of HZ 
increases with age, the greatest number of cases 
of HZ, including HZO, occur in people in their 
fifties [9–11]. The incidence of HZ rises signifi-
cantly in people in their forties, and sharply in 
people in their fifties [12]. A common miscon-
ception is that HZ is a disease of the elderly, 
when in fact it affects a large number of people 
under the age of 60 years. In fact, the mean age of 
the onset of HZO has decreased from the sixties 
to the fifties [13, 14].

The incidence of HZ has increased over four-
fold during the past 60 years across all age groups 
for unknown reasons [15] (Fig.7.1). Although 
many people think that the vaccination of chil-
dren against varicella contributes to the increase 
in HZ incidence by limiting boosting of immu-
nity to VZV by exposure to chicken pox accord-
ing to the Hope Simpson hypothesis, the evidence 
does not support this [8, 16]: the increase began 
before the introduction of childhood varicella 

vaccination in the USA in 1995 and has contin-
ued afterward. In addition, routine vaccination 
against varicella is not widespread in Europe, and 
the incidence of HZ is similar there to that in the 
USA [10, 16]. The increase in HZ cases also can-
not be accounted for by an aging population or by 
the rate of immunocompromise, and thus the rea-
sons for it remain unknown.

There is an ever-growing list of risk factors for 
the development of HZ in addition to the well- 
known ones, including increasing age, immuno-
compromise, and female sex [17]. This list 
includes family history, depression, stress, past 
history of zoster, heart failure, traumatic brain 
injury, diabetes, asthma, acute kidney disease, 
and autoimmune disease. An interesting recent 
addition to the list is the use of statins, which in a 
large population-based study was associated with 
a modest 13% increased risk that was dose depen-
dent and doubled with use of high dose statins, 
and it decreased with duration of time since statin 
use, consistent with a causal effect [18]. Rather 
than considering the implications regarding the 
importance of vaccination against zoster in 
patients with a wide variety of medical condi-
tions, it is more efficient to recommend vaccina-
tion for all people aged 50  years and older, as 
discussed in the next section.

There is also an expanding list of complica-
tions after HZ, including neurologic conditions, 
cardiac issues, and possibly giant cell arteritis/
temporal arteritis, in addition to the most com-
mon ones of postherpetic neuralgia (PHN), eye 
disease after HZO, and hearing loss when the 
eighth cranial nerve is affected (Ramsey Hunt). 
PHN, defined as pain beyond 3 months after the 
onset of zoster, is the most common complica-

Fig. 7.1 Incidence of 
herpes zoster in Olmsted 
County, Minnesota, 
1945–2007, showing the 
temporal trend 
beginning prior to the 
introduction of antiviral 
medications (mid-1980s) 
and extending beyond 
the introduction of 
childhood varicella 
vaccinations (1996)
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tion, and it occurs in approximately 30% of HZO 
patients, primarily with the onset of HZO at age 
65 years or more [19]. Risk factors for PHN, in 
addition to increasing age, include HZO, amount 
of acute pain, and severity of the rash [20]. HZ 
has been found to be a risk factor for the develop-
ment of major depression and reported to be the 
most common cause of suicide due to pain in 
people age 70  years and older [21, 22]. 
Postherpetic neuralgia often has a devastating 
effect on the quality of life in older patients with 
zoster, that frequently lasts for the rest of their 
lives. It is not prevented by recommended acute 
antiviral treatment of HZ.  As of right now, the 
only way to prevent PHN is to prevent HZ 
through vaccination.

HZO is frequently associated with dendri-
form keratitis, stromal keratitis, and iritis/uve-
itis, often accompanied by elevation intraocular 
pressure, and neurotrophic keratopathy, but it 
can involve all parts of the eye, orbit, and optic 
nerve and result in permanent loss of vision [23]. 
Acute antiviral treatment within 72 hours of the 
onset of the rash is recommended with high dose 
oral valacyclovir (1000 mg 3 times daily), famci-
clovir (500  mg 3 times daily), or acyclovir 
(800 mg 5 times daily) for 7 days, and this has 
been shown to reduce eye disease at 6  months 
after onset from 50% to 30% [24]. It is very 
important to begin treatment as soon as possible, 
as complications occur after 72 hours, and one 
cannot predict who will have complications. 
Non-PHN complications, including eye disease, 
are as common in younger as older HZ patients 
[8]. HZO can be complicated by chronic and/or 
recurrent eye disease, with the latter increasing 
over time to 25% by 5 years [25]. Many HZO 
patients require chronic topical steroids, with 
their potential complications, to control anterior 
segment inflammation. Cataract surgery in well-
controlled HZO can result in initial improve-
ment in visual acuity (VA), followed by 
decreased VA due to retinal problems, which 
may be underdiagnosed in HZO [26].

HZ has long been known to be a risk factor for 
potentially fatal strokes, and in recent years in 
population-based studies, it has been reported to 
be a risk factor for heart disease [27]. These vas-
cular complications occur in relatively young 

patients. The risk of stroke is greater after HZO 
than after HZ in other locations, most likely 
because the virus spreads directly from the nerves 
to arteries, causing inflammation [28, 29].

Of great importance to ophthalmologists is 
evidence that VZV may be the trigger for giant 
cell/temporal arteritis (GCA/TA) [30]. In stud-
ies with 50 sections per temporal artery biopsy, 
VZV antigen was found in three quarters 
(61/82, 74%) of the biopsies that were positive 
for giant cells, and in sections adjacent to VZV 
antigen, giant cells were located in almost 
90%. This led to the conclusions that GCA 
may be VZV vasculopathy of the temporal 
artery, and antiviral treatment of steroid-treated 
GCA may be beneficial, and it merits further 
study. These findings have been questioned in 
another study in which a minority (3/25) of 
giant cell positive TA biopsies were positive 
for VZV, including one case where TA devel-
oped soon after HZO [31]. The discrepancy in 
the results was attributed to false positives for 
VZV antigen in calcifications and muscle in 
the biopsies. The answer is not yet known on 
this subject, but it merits further study as it has 
important implications regarding the optimal 
treatment of GCA.

 Vaccination Against Herpes Zoster

There are currently two vaccines against HZ: the 
Zoster Vaccine Live (ZVL. Zostavaz, Merck) and 
the Recombinant Zoster Vaccine (RZV, Shingrix, 
GlaxoSmithKline). ZVL has been CDC recom-
mended since 2008 for immunocompetent adults 
aged 60 years and older, and FDA approved since 
2011 for immunocompetent adults aged 50 years 
and older [3]. RZV was FDA approved for all 
adults aged 50 years and older in October 2017 
[4], and CDC recommended for immunocompe-
tent adults aged 50  years and older in January 
2018. CDC recommends RZV for people who 
have been previously vaccinated with ZVL, and 
as preferred over the ZV [32].

ZVL was approved after it was shown to 
decrease the burden of disease by 61%, PHN by 
66%, and the incidence of HZ by 51% [33]. 
However, it was more effective in reducing the 

7 Herpes Zoster and the Zoster Eye Disease Study (ZEDS)



66

incidence of HZ in persons aged 60–69  years 
(64%) than 70  years and older (38%). FDA 
approval of ZVL for immunocompetent adults 
aged 50 years and older followed evidence that it 
decreased the incidence of HZ by 70% in people 
aged 50–59 years, but the CDC recommendation 
remains unchanged [34]. Contraindications for 
ZVL include diseases and treatments impairing 
cell-mediated immunity, because the vaccine 
contains a live attenuated virus that is a real 
safety risk for these populations. In addition, ana-
phylactic reaction to neomycin or gelatin as well 
as pregnancy are contraindications. Since the live 
attenuated virus is sensitive to antivirals, vaccine 
recipients must be off of valacyclovir, famciclo-
vir, and acyclovir 1 day before and 2 weeks after 
vaccination. The most common side effects to 
ZVL are local injection site reactions, which are 
more common in vaccine recipients in their fifties 
than in older vaccine recipients [33, 35]. In addi-
tion to reduced efficacy against zoster in older 
persons, another limitation of ZVL is that its effi-
cacy in persons aged 60 years and above wanes 
after 3–10 years [36–38].

RZV, also referred to as the herpes zoster sub-
unit (HZ/su) vaccine, contains a recombinant 
VZV protein in a novel immunogenic adjuvant. It 
is a two-injection series given intramuscularly 
2–6 months apart, and it is refrigerated, in con-
trast to the ZVL, which is a single injection given 
subcutaneously and requires frozen storage. In an 
RCT conducted in 2010–2011 of immunocompe-
tent adults aged 50 years and older, it was 97% 
effective in preventing HZ compared to placebo 
[39]. When results were pooled with a concomi-
tant RCT of immunocompetent adults aged 
70  years and older, it was approximately 90% 
effective in reducing the incidence of HZ in adults 
aged 70  years and older, which is much more 
effective than ZVL [40]. In addition, efficacy 
against HZ remained at 85% after 4 years, also 
superior to ZVL.  However, grade 3 acute local 
and systemic reactions interfering with normal 
activities were reported in up to 17% of vaccine 
recipients, and this raised concern about adher-
ence to the 2-dose schedule required for efficacy 
outside of a clinical trial in a real-world setting.

The FDA approved RZV for all adults aged 
50 years and older, and the CDC recommended it 

for immunocompetent adults aged 50 years and 
older [32]. The FDA label notes that immunosup-
pressive treatment may reduce the effectiveness. 
The CDC limited its recommendation to immuno-
competent adults, because immunocompromised 
adults were excluded from the RCTs. The FDA 
label allows for the administration of the two 
injections 2–6 months apart, which facilitates giv-
ing them at the time of routine office visits, based 
on evidence that the humoral antibody response 
was not inferior when given 6 months compared 
to 2 months apart [41]. In addition, according to 
the label, there is no evidence of interference with 
the immune response when given at the same time 
of a quadrivalent influenza vaccine. This is sup-
ported again by evidence of lack of interference 
with the humoral antibody response, but it is 
unclear if even this can be extrapolated to influ-
enza vaccines in general [42, 43]. According to 
the FDA label, the only contraindications to the 
vaccine are a history of anaphylaxis to a vaccine 
component or to the first dose. Information about 
relatively common acute local and systemic reac-
tions to the RZV are provided in the label, includ-
ing that they are more common in persons aged 
50–69 years than people aged 70 years and older. 
In addition, local reactions occur at a similar fre-
quency after the first and second injection, 
whereas grade 3 systemic reactions are more 
common after the second injection. The label 
emphasizes the importance of completing the two 
injections on schedule, and informing people in 
advance about the possibility of adverse reactions. 
The vaccine requires two shots to stimulate cell-
mediated immunity against VZV in order to be 
effective in preventing zoster. Of note, gout 
occurred in 0.18% of vaccine recipients, com-
pared to 0.05% of placebo within 30 days, but a 
causal relationship was not determined.

The CDC recommends RZV for immunocom-
petent adults aged 50 years and older, including 
persons who received ZVL at least 2 months ago. 
There is evidence of a strong immune response 
and comparable adverse reactions to RZV in peo-
ple aged 65 years and older who received ZVL at 
least 5 years previously [44]. The CDC does not 
specify when to give RZV after ZVL, but given 
the limited efficacy of ZVL against HZ in per-
sons aged 70 and older, it is reasonable to have 

E. J. Cohen and B. H. Jeng



67

then get the RZV as soon as possible. Vaccination 
against zoster is recommended for persons with a 
past history of zoster, as second episodes of dis-
ease can occur in 6% within 8 years [45]. Local 
and general reactions to RZV are more common 
in persons with a past history of zoster within 
4 years compared to 5 or more years prior to vac-
cination [46]. The CDC recommends RZV as 
preferred over ZVL due to its greater and more 
long-lasting efficacy. The CDC recognizes that 
continued monitoring for adverse events using 
the Vaccine Adverse Events Reporting System 
(VAERS) is particularly important for RZV due 
to its novel adjuvant with high reactogenicity and 
immunogenicity.

Under usage of ZVL for a variety of reasons 
has been a problem, limiting its impact on HZ, 
and hopefully vaccination against zoster will 
increase with the current approval and recom-
mendations for RZV.  According to CDC, as of 
2015, the most recent year with available data, 
31% of immunocompetent persons aged 60 years 
and older have received ZVL, while only 6% of 
those aged 50–59 years received it, probably due 
to the lack of CDC recommendation for this age 
group [47, 48]. In the USA, emergency room vis-
its for HZ between 2006 and 2013 increased 
overall due to an increase among people aged 
50–59  years, but decreased among age groups 
where the CDC recommended vaccination [49].

There are a number of barriers to vaccination 
against HZ, including high cost, complex and 
partial insurance coverage, and lack of strong 
recommendation by physicians [50, 51]. 
Despite interventions targeted to increase vac-
cination against zoster including education, 
increased availability, and electronic medical 
record reminders and alerts, primary care doc-
tors do not consider vaccination against zoster 
as important as vaccination against influenza 
and pneumonia [52, 53]. The American 
Academy of Ophthalmology (AAO) issued a 
clinical statement in 2016 (cosponsored by the 
American Dermatological Association in 2017), 
updated in 2018, and accepted for publication 
as a policy statement in Ophthalmology), rec-
ommending vaccination against zoster for 
adults aged 50 years and older without contra-
indications [54].

A number of factors influence attitudes of 
physicians regarding vaccines, including evi-
dence on the benefits of the vaccine, insurance 
coverage, cost to supply in the office, and whether 
or not it is tracked as a performance measure 
[51]. Hopefully, the increased efficacy of RZV 
will result in stronger recommendations for vac-
cination against HZ. Although RZV is more cost- 
effective than ZVL [55], cost remains high, and 
insurance coverage is complex with coverage 
under medical insurance for non-Medicare 
patients versus Medicare Part D, making it diffi-
cult to administer in office for the Medicare 
patients. Tracking vaccination according to cur-
rent CDC recommendations as a performance 
measure is a relatively easy change to implement 
to try to improve attitudes and practices. 
Vaccination rates against HZ go up when family 
members are affected in proportion to the sever-
ity of their disease, but physicians should not 
need to experience this to improve [56]. 
Increasing vaccination among doctors and other 
health-care workers is a strong evidence of the 
importance of vaccination and is a good preven-
tive medicine [57]. The bioethicist Arthur Caplan 
teaches that “A moral obligation to do the right 
thing is necessary to improve vaccination rates”.

 The Zoster Eye Disease Study 
(ZEDS)

ZEDS is a very important study to determine 
whether or not prolonged suppressive antiviral 
treatment with valacyclovir reduces complica-
tions of HZO, including eye disease and/or 
postherpetic neuralgia. It is a multicentered ran-
domized controlled clinical trial funded by the 
National Eye Institute that has over 200 study 
investigators and will enroll 1050 study partici-
pants at 60 participating clinical centers across 
the USA. Successful completion of this study is 
necessary to determine if suppressive antiviral 
treatment is effective and should become the 
standard of care for HZO.  While acute high-
dose oral antiviral treatment is approved and 
recommended for HZO, there is no standard 
approach to the antiviral treatment of the com-
plications of HZO.

7 Herpes Zoster and the Zoster Eye Disease Study (ZEDS)
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The rationale for ZEDS is twofold: firstly, the 
relatively recent evidence of the infectious patho-
genesis of complications of HZ, including HZO; 
and secondly, the significant benefit of suppres-
sive antiviral treatment for herpes simplex virus 
(HSV) keratitis, which has become the standard 
of care and has reduced recurrences. Evidence of 
recurrent varicella zoster virus (VZV) infection 
has been found by polymerase chain reaction 
(PCR) to cause dendriform epithelial keratitis 
(DEK) and iritis due to HZO [58–60]. The 
Herpetic Eye Disease Study (HEDS) Acyclovir 
Prevention Trial (APT) showed that suppressive 
antiviral treatment reduced recurrent HSV by 
45% after 1 year of treatment [61]. ZEDS is anal-
ogous to HEDS APT for ocular disease caused by 
VZV, a different herpes virus, in that immuno-
competent study participants aged 18 years and 
older will be randomized to suppressive antiviral 
treatment versus placebo for 1 year and followed 
every 3 months for 18 months.

To be eligible for ZEDS, one must have a his-
tory of a typical unilateral rash and a documented 
episode of dendriform epithelial keratitis, stro-
mal keratitis, endothelial/disciform keratitis, or 
iritis within 1 year prior to enrollment. Study par-
ticipants will be randomized 1:1 to double- 
masked valacyclovir 1000  mg daily versus 
placebo in four strata based on age at the onset of 
HZO and disease duration at the time of enroll-
ment. Exclusion criteria, in addition to immuno-
compromise, are primarily the contraindications 
to valacyclovir, including renal insufficiency and 
pregnancy, or need for antiviral treatment of HSV 
disease.

The primary objective of ZEDS is to deter-
mine whether or not suppressive valacyclovir 
compared to placebo delays the time to occur-
rence of dendriform epithelial keraititis (DEK), 
stromal keratitis without ulceration (SK), endo-
thelial keratitis (EK), iritis (IR) or stromal kera-
titis with ulceration (SKU) (Fig.7.2). The 

Fig. 7.2 Top left: Dendriform epithelial keratitis. Top right: Stromal keratitis without ulceration. Bottom left: 
Endothelial keratitis. Bottom right: Stromal keratitis with ulceration
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second aim of the study is to determine whether 
or not suppressive valacyclovir treatment com-
pared to placebo reduces the incidence, sever-
ity, and duration of postherpetic neuralgia after 
12 months of treatment, and if it persists for 6 
months afterward.

Support of ZEDS by the adequate enrollment 
of study participants is critical to achieve our pur-
pose of determining optimal treatment for HZO 
and improving outcomes. Approximately half of 
our study investigators currently use suppressive 
antiviral treatment for HZO, and even more think 
it is effective [62]. However, rather than starting 
this treatment, which is currently not evidence 
based, we urge ophthalmologists to refer their 
HZO patients for possible enrollment into ZEDS 
so that it can be determined if this treatment is 
effective, and if so, it will become the standard of 
care and improve outcomes in HZO. For further 
information regarding ZEDS, please refer to our 
website at https://med.nyu.edu/research/zoster-
eye-disease-study/zoster-eye-disease-study.

 Conclusion

Herpes zoster is a common preventable disease 
with serious life-threatening and altering compli-
cations, including eye disease, chronic pain, and 
neurologic diseases. It is very important for 
health-care professionals, including ophthalmol-
ogists, to strongly recommend vaccination 
against zoster for adults aged 50 years and older. 
Participation in the Zoster Eye Disease Study is 
necessary in order to determine the efficacy of 
suppressive antiviral treatment in reducing 
chronic and/or recurrent eye disease due to HZO, 
as well as postherpetic neuralgia, and to deter-
mine optimal evidence-based standard of care to 
improve outcomes.
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