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The International Herpes Management Forum (IHMF) was established to
improve the awareness, understanding, counselling and management of
infections caused by herpesviruses. Steered by an IHMF Board of
Professor Richard Whitley, Dr Martin Wood, Dr Larry Corey, Professor
Paul Griffiths, Dr Susanne Kroon and Dr Antonio Volpi, the IHMF
involves international opinion leaders in all aspects of medical
management of herpesvirus infections.

The tenth IHMF workshop was held on 1–2 March 1997 to discuss progress
with diagnosis and vaccines for alpha-herpesvirus infections. Diagnosis has
been the topic of a previous IHMF workshop and a Management Strategies
in Herpes publication. However, the wealth and breadth of research in
these areas has led to significant advances in both diagnosis of herpesvirus
infections, and in the development of potential vaccines. The aim of the
tenth IHMF workshop was therefore to review the current data and to
develop guidelines in areas where they did not exist previously.
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Summary

For cases of suspected herpes simplex virus (HSV) encephalitis, it is strongly

recommended that the physician should obtain a sample of cerebrospinal fluid

(CSF) for polymerase chain reaction (PCR) analysis as quickly as possible, and treat

the patient empirically with aciclovir until the diagnosis becomes clear.

Genital herpes is a sexually transmissible infection. Infection with HSV is much

more common than disease. Of infected individuals, 80% will either have no

symptoms or have unrecognizable disease. However, clinically apparent disease

can be managed. Atypical presentations are very common.

On first clinical presentation, about 50% of patients with HSV infection appear to

be misdiagnosed in primary healthcare settings as suffering from Candida or other

causes of vulvitis. 

Any patient presenting with suspected genital HSV infection should have a swab

taken including those with classic symptoms. Thus, every patient with genital

herpes should receive a laboratory-confirmed diagnosis at least once.

In people who present with initial genital herpes, every effort should be made to

have the virus typed because it gives important prognostic information.

Serial swabs may be useful for monitoring an immunocompromised patient. 

If an immunocompromised patient presents with disseminated vesicular lesions,

which the clinician suspects are due to varicella zoster virus (VZV) infection, the

diagnosis should be confirmed by taking a smear of cells and using immuno-

fluorescent staining with antibodies against VZV. 

Clinical diagnosis of a typical case of herpes zoster in the elderly immunocompetent

individual is usually sufficient. However, if the patient has disseminated lesions or

atypical presentation, then testing by smear and staining may be helpful.

It is recommended that a patient who presents with suspected ocular HSV should

have a swab taken for culture, although a negative result does not exclude the

diagnosis. 

For labial HSV infections and primary gingivostomatitis, a clinical diagnosis is

often sufficient, although a swab for HSV culture may be helpful, to diagnose

atypical or difficult cases of gingivostomatitis or recurrent orolabial lesions.

Classic cases of labial HSV should be confirmed by culture only in immuno-

compromised patients. 

From a public health standpoint, genital ulcerative disease is associated with

increased risk for acquisition of HIV. For high-risk individuals, testing for HSV 

type 2 (HSV-2) infection could help prevent acquisition of HIV.

Serological tests for HSV-2 can be valuable, particularly in selected patient settings

such as pregnant women. Newer tests will be approved in the near future.

Serological testing may also be useful in the patient who has chronic recurrent
genitourinary symptoms for which there is no apparent aetiology, and also where
there is a concern about transmission in discordant couples.

Vaccines for HSV are under investigation. While they offer great potential for the
individual, in public health terms nothing will be ready for use in clinical practice
in the near future.
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Diagnosis of Herpes Simplex Virus
and Varicella Zoster Virus Infections

The Importance of Testing
The need for accurate and rapid diagnosis
Why do we need diagnostic tests for herpes simplex virus (HSV) infection? The guiding
principle for use of a test should be whether it will improve the management of the
patient. Clinical diagnosis of both varicella zoster virus (VZV) and HSV infections is
accurate and sufficient in many cases. However, there are situations where diagnosis is
difficult, for example, if lesions are atypical, or if the lesions have healed before the
patient consults a physician; also in the immunocompromised host, where herpetic
lesions may resemble other infections such as Candida. In such cases there is a need for
laboratory confirmation. Some individuals may have subclinical asymptomatic infection
where laboratory tests are the only way to confirm infection. In some life-threatening
conditions, such as herpes encephalitis and herpesvirus infections in immuno-
compromised individuals or neonates, confirmation of the diagnosis with accurate and
rapid tests is essential. Two articles  (Users’ Guides to the Medical Literature, JAMA,
1994) may help physicians to assess the value of different laboratory tests.1,2

The natural history of genital HSV type 1 and type 2 (HSV-1 and -2) varies. HSV-2
infections recur more frequently than HSV-1 infections; 3 this observation has
implications for prognosis and patient management – an important part of the
management of genital herpes is to inform patients of the likely prognosis, and to
counsel them appropriately. Therefore, accurate diagnosis of HSV type is important,
although it may not be routinely performed because of lack of availability of the test(s).

Diagnosis of HSV Infections
HSV-1 and -2 and VZV are alpha-herpesviruses. This sub-family is characterized by
having a wide range of susceptible cells in vitro, a relatively fast replicative cycle,
cytopathic effects, and establishing latent infection in sensory ganglia. Following primary
infection, the virus reactivates from time-to-time and can result in clinical illness. The
majority of primary infections with HSV-1 and -2 are subclinical, but infection can result
in a wide spectrum of disease ranging from the mild (e.g. herpes labialis) to the severe
(e.g. herpes encephalitis), see Table 1.

The diagnosis of the mucocutaneous manifestations of HSV is mainly clinical, but
laboratory investigations contribute to effective patient management in several clinical
situations.

Tests for Diagnosis of HSV
There are several ways to confirm a diagnosis of a viral infection within a laboratory:

Direct cytological examination. Cells from lesions can be examined using histology and
microscopy which reveal characteristic cell changes due to infection. The sensitivity
and specificity of this approach is limited. This method is not widely used because it is
technically demanding and has been superseded by methods to detect virus

management  s trategies  in  herpes
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Table 1: The spectrum of diseases caused by HSV

Mucocutaneous infections Oropharyngeal infections

Genital herpes

Herpes gladiatorum

Herpetic whitlow

Central nervous system disease (CNS) Encephalitis

Myelitis

Meningitis

Other manifestations Atypical distribution autoinoculation

Erythema multiforme

Herpes keratitis

Neonatal infection Skin, eye and mouth infections (SEM)

Encephalitis (CNS involvement) with or without SEM 

Disseminated infection with or without SEM infection

Immunocompromised Oesophagitis

Pneumonitis

Detection of virus, viral products or virus-induced cell changes:

– culture from the lesion for live virus 

– detection of viral antigens: 

on fluids using enzyme immunosorbent assays (EIA)

on smears or tissues (using monoclonal antibodies) 4

– detection of viral nucleic acids (polymerase chain reaction [PCR]) may be

available at some centres

– detection of virus particles by electron microscopy

Detection of an immune response by identifying HSV-1 or HSV-2 specific antibodies

(serological tests), by detecting specific antibodies to glycoprotein G-1 or -2.

Deciding on an appropriate test
There are a number of issues that can affect which test a physician orders from the laboratory:

Value of the test for patient management

Is the test reproducible? For example, the Western blot technique for detection of

HSV antibodies has not so far proved easy to set up in many laboratories

Cost. Immunoassays are significantly cheaper than PCR tests, and there are no

commercially available PCR tests for alpha-herpesvirus infections

Laboratory management issues, i.e. turnaround time and quality control.

Direct Detection of HSV
The characteristics of the four different approaches commonly used for direct detection

of HSV are shown in Table 2.5–8



Chapter  1

management  s trategies  in  herpes

8

Table 2: Laboratory tests for the direct detection of HSV (adapted from references 5–8) 5–8

Test

Virus culture Antigen detection (immuno- Antigen Nucleic acid 

fluorescence on smears) detection (EIA) detection (PCR)

Source Swab/scraping Smear/tissue section Swab/scraping Swab/scraping

Sensitivity High; >90% from lesions >80% 80% Highest

Specificity High (virtually 100%) High High Controls for 

cross-contamination

important

Advantages Allows virus typing and Inexpensive Cost and speed Allows virus typing 

antiviral sensitivity and has high sensitivity

Disadvantages Sample transport, labour Not 100% sensitive, Not 100% sensitive No commercial assay

intensive, expensive requires trained individuals available, expensive

Virus culture
Virus culture has been the mainstay of HSV detection, and has the advantages that it

allows the virus to be typed, and provides an isolate that can be used for testing

antiviral sensitivity. There are a number of important technical issues which affect

virus isolation; one of them is the requirement to collect an appropriate sample and

actually inoculate it into the cell culture promptly. Correct transportation of the

sample is therefore important. Virus culture is an expensive technique because it

requires skilled laboratory staff to run the test.

Key factors that determine success for HSV isolation include the type of swab transport

media and the importance of getting specimens to the laboratory without great delay.

Antigen detection
The antigen detection tests are simple and rapid to perform. There are two types of antigen

detection method, use of smears and staining or enzyme immunoassays. Several enzyme

immunoassays are commercially available, including IDEIA and Wellcozyme. However,

there are variable reports in the literature on the sensitivity of such tests, which may

depend on the type of assay and on the range of specimens. In general, the sensitivity of

antigen detection is high for typical genital or ocular HSV lesions. It is more sensitive than

culture for late samples, but less sensitive than culture for cervical and urethral swabs.5–8

Some or many of these assays cannot distinguish between HSV-1 and HSV-2.

PCR
PCR is the most sensitive technique for detecting HSV. Contamination can be an issue

due to the high sensitivity of the technique, and the use of appropriate controls is

essential to ensure that results are accurate. PCR can also be used for typing virus but

is a research tool. There is no commercial assay available at the moment and it is

potentially expensive.
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Sensitivity of PCR analysis depends on the type of clinical sample. PCR assays have been
described that can detect one virus genome reliably in 100 µl of CSF.9 Extraction and
storage of CSF specimens are important issues, as is the need to detect both virus types.

Appropriate tests for HSV infections
A summary of available tests and their uses is shown in Table 3. While many
mucocutaneous HSV infections do not require laboratory confirmation, with genital
infection there is a need to counsel the patient and give specific advice about HSV-1 
and -2, because the natural history and prognosis is different.3 For this reason, the
standard test is still virus culture preferably with virus typing. In many clinics, only
immunoassays are available. These can be used successfully in a large number of cases

to confirm the diagnosis, but do not
provide information on virus type.
While there may be a future role
for PCR in the diagnosis of genital
herpes (for example, for detection
of subclinical virus shedding), it is
not routinely used at the moment.

In the immunocompromised
patient, culture of virus has been
the standard approach used for all
presentations of HSV, and is
important for detecting and
monitoring virus sensitivity to
antiviral therapy in this patient
group. 

Laboratory tests also have a role in the management of HSV in pregnancy. This is a
complex area and readers are referred to the IHMF Management Strategies monograph,
Can We Improve the Management of Perinatal Herpes Simplex Virus Infections? for a
wide-ranging discussion.12 Although the rate of HSV infection in the neonate is low,
serological confirmation of HSV status has a potential role in preventing transmission of
the virus to the neonate. When pregnant women first present to the clinic, one of the
issues that should be addressed is whether they or their partners have evidence of genital
herpes. Serology may be the most direct way to answer that question with seronegative
women/seropositive partners forming a high-risk group.

If the woman is infected with HSV-2, and has clinically obvious lesions during
delivery, then Caesarian section is one option that can be considered. For babies born
to mothers with genital HSV infections, culturing for virus in a number of potential
sites in the baby should be considered.

Detection of HSV antibody in saliva
The use of saliva as an alternative to blood for detecting antibody is well accepted for
epidemiological surveys but not for diagnosis in an individual patient, because
reliable methods for demonstrating that the saliva specimen is of an adequate quality
(i.e. it contains suitable levels of IgG) have not yet been developed. A suitably
validated saliva test for HSV antibody has a potentially important place in identifying

Mucocutaneous infections

Oropharyngeal virus culture

Genital virus culture

EIA typical lesions

first episode

Immunocompromised host virus culture

antiviral sensitivity

Other manifestations

Herpetic whitlow virus culture

Herpes keratitis EIA or virus culture

Encephalitis PCR (CSF)

Table 3: Appropriate tests for HSV infections according to different
clinical presentations
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subclinically infected individuals and may have a useful role in targeting future
interventions (such as vaccines).

Diagnosis of HSV encephalitis
The diagnostic laboratory has a major role in the investigation and management of

herpes encephalitis. The detection of viral genome by PCR in cerebrospinal fluid (CSF)

is clearly established as the primary diagnostic approach in cases of suspected herpes

encephalitis10 when prompt aciclovir therapy may

improve the management of the patient.

Prior to the development of PCR, the detection of

intrathecal antibody was used – that is, local production

within the CSF of HSV-specific antibody. This technique

is not reliable in the early stages of infection and cannot

provide a diagnosis early enough to be used to make

treatment judgements. The sensitivity of PCR and

intrathecal antibody detection by day after the onset of

encephalitis is shown in Table 4 and Figure 1. This

demonstrates that PCR is reliable and highly sensitive

within the first week after onset, and that it also has an

advantage over the older techniques of antibody

production detection. Likewise brain biopsy, coupled with culture for HSV, which

was used in the early studies, has now been superseded by PCR.10,11

Sensitivity (%)

Day after onset PCR Antibody

0–3 100 0

4–6 92 44

7–9 90 66

10–12 50 88

13–14 62.5 100

15–30 8 100

Table 4: Diagnosis of HSV encephalitis by PCR
and intrathecal antibody detection from 

42 patients 10

Figure 1: PCR detection of HSV in CSF from 42 patients with herpes encephalitis 11
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Diagnosis of VZV Infections
Like HSV, VZV is an alpha-herpesvirus, which establishes a latent infection following

primary infection. Reactivation occurs with increasing frequency in the immuno-

compromised and with increasing age. Infection results in a wide spectrum of clinical

manifestations. Primary infection can cause varicella (chickenpox in the fetus, neonate,

child and adult). Reactivation of VZV can cause herpes zoster (shingles) and may lead to

post-herpetic neuralgia, motor weakness (including Ramsay-Hunt syndrome), and

ophthalmic zoster.
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Laboratory diagnosis of VZV contributes to patient management in several clinical

settings such as for diagnosis in the immunocompromised individual. A range of

diagnostic assays are available for detecting virus directly or detecting anti-VZV 

antibodies. A summary of the important features of the available methods for virus

detection is shown in Table 5.

Table 5: Appropriate tests for detection of VZV

Test Cytology Electron microscopy Culture Antigen detection PCR

Specimen Vesicular fluid Vesicular fluid Vesicular fluid Vesicular fluid Vesicular fluid.

and cells and cells and cells and cells Throat swab.

Whole blood

Advantages Rapid Rapid Rapid Rapid.

Sensitive

Disdvantages Does not Does not Technically No commercial

distinguish distinguish demanding. test available.

HSV/VZV. HSV/VZV. Slow. Expensive

Low sensitivity Expensive Expensive

Virus culture of VZV is more technically demanding than that of HSV. Virus isolation

is slow, and specimens must be transported to the laboratory rapidly. It is important to

sample cells as well as vesicular fluid when attempting virus isolation. PCR tests have

been described and shown to be more sensitive than culture. PCR is sufficiently

sensitive to detect virus in a range of other specimens, but there are no commercial

tests currently available.

VZV IgM is a reliable marker of recent infection and can also be detected during virus

reactivation. It is not always detectable during the first week of varicella.12 VZV IgG

antibody tests are widely used to target herpes zoster immunoglobulin in high-risk

patient groups, and a large range of commercial tests are available. Testing can also

be useful for prophylaxis if the patient is susceptible, for example, in recommending

the administration of zoster immune globulin to seronegative pregnant women

exposed to varicella.
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The Serological Diagnosis of Genital
Herpes Simplex Virus Infections

Introduction
Genital herpes simplex virus (HSV) infections are common and increasing in

prevalence worldwide. The clinical symptoms of genital HSV infections are often

ignored or mistaken and patient history is diagnostically non-specific. Many infected

individuals are without symptoms – they are asymptomatic most of the time. This

broad range of clinical presentation, the high prevalence of atypical lesions, and the

limited availability of accurate type-specific serological tests, explain why genital HSV

infections are so under-diagnosed.

What is Serological Testing?
For patients with classic symptoms of genital herpes, including lesions from which

swabs can be obtained, culture is recommended. However, some patients present

with atypical lesions or present too late to detect virus. In such patients, serology may

be useful, because it does not rely on the patient having developed antibodies

(seroconversion). 

Serological assays detect antibodies to HSV in a blood sample; thus, they indicate

evidence of past infection. Assays include classic HSV neutralization as well as the

newer, semi-automated tests such as enzyme immunoassays (EIA) and immuno-

fluorescence assays (IFA). Serological tests to identify HSV type-specific antibodies are

not widely available, and the commercially available EIA and IFA tests have

limitations in diagnosis. No serological test can tell who gave what to whom or when.

Commercially available tests do not accurately distinguish between HSV type 1 and 2

(HSV-1 and HSV-2) antibodies. Three different commercial serological tests have been

compared, using culture isolation of HSV as the standard (Table 1).1 In primary episodes

of genital HSV, these tests had varying ability to correctly diagnose the virus type and

differed in their ability to detect virus type within the first 21 days. Cases of non-primary

first episode herpes, that is, people who have pre-existing HSV-1 antibodies and who

become infected with HSV-2, present a more difficult diagnostic situation because of the

extensive cross-reactivity of the two viruses. With two commercial assays, the results

were inaccurate on all samples; there was a rise in HSV-1 titre, without enough HSV-2

positivity to register in the particular algorithm used in the test. As most people have

HSV-1 antibodies, these tests have no real use at the moment, except to distinguish the

completely seronegative individual from the individual who has antibody to either HSV-1

or -2. They cannot distinguish between HSV-1 and -2, and should not be used that way.

Moreover, commercial tests were as much as 80% inaccurate for subjects who were

infected with only HSV-1, giving false positives for HSV-2.

Should physicians diagnose subclinical herpes if the patient is not troubled by the

infection? Mertz and colleagues found that most people who transmit HSV have

subclinical or unrecognized disease.2,3



Table 2: HSV is shed more frequently in the first 12 months following acquisition 5

Site Time from end of primary episode

0–12 months 13–24 months 25–36 months

n/N (%)

Cervical site* 54/1749 (3.1) 6/464 (1.3) 3/226 (1.3)

Vulval site 36/1540 (2.3) 7/448 (1.6) 3/224 (1.3)

Days of shedding at any genital site* 78/1820 (4.3) 11/482 (2.3) 5/234 (2.1)

* P≤0.005; random effects model using time as a covariate. n/N: numbers of days with positive culture/total number of days sampled.
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Analysis of genital swabs by culture or by polymerase chain reaction (PCR) showed that

women with lesions cultured daily in the first 6 months after a first episode may be PCR

positive from the genital tract for as many as 75% of all days.4 Further studies have

shown that the frequency of HSV shedding declines over time (Table 2).5 It is not yet

known if the virus is always infectious, although it is a likely explanation for the

observed rate of transmission.

Commercial kit

Clinical category n A B C

Primary episode: 28

Correct diagnosis 13 (46%) 18 (64%) 21 (75%)

False negative 12 (43%) 3 (11%) 1 (4%)

Positive, wrong type 3 (11%) 7 (25%) 6 (21%)

Non-primary, HSV-2: 12

Correct diagnosis 0 0 1 (8%)

Incorrect diagnosis 12 (100%) 12 (100%) 11 (92%)

Recurrent HSV-2: 45

Correct 28 (62%) 44 (98%) 33 (73%)

False negative 1 (36%) 0 0

Positive, wrong type 16 (36%) 1 (2%) 12 (27%)

Asymptomatic shedding is not necessarily lower in patients without a clinical history

of infection. Figure 1 shows results from a study of volunteers with a history of

clinically evident infection, compared with those who were diagnosed by serology

only. The pattern of subclinical shedding is very similar between the two groups, the

rate being only slightly increased in the case of those with symptoms.6

A number of studies show that if people are counselled about the clinical symptoms of

genital herpes, about half begin to recognize their recurrences time.7 Figure 2 shows

that 30% of subclinical shedding episodes occur as clusters.8 Having been taught to

identify a clinically apparent lesion, or a symptomatic episode, the patient can usually

Table 1: Comparison of three commercially available serology tests in symptomatic 
genital herpes (abstracted from reference 1)1
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Figure 1: HSV shedding rate in women with and without a history of infection6

Figure 2: Subclinical HSV shedding occurs in clusters8
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The issues with pregnancy are numerous. The neonatal
infection rate from a mother who is asymptomatically
shedding HSV at term, as detected by virus culture, is higher
than the rate from mothers with recurrence of genital HSV
infection. The figures may vary, but the rate is about 10 times
higher in the mother who has seroconverted, or developed
genital HSV infection close to term, versus the mother who
has had a more long-standing genital HSV infection (Figure 3).

How often do women seroconvert during pregnancy? In
one study the adjusted rate was 2% (Table 4).10 In this study,
a higher proportion of HSV seronegative mothers sero-
converted to HSV-1 than to HSV-2 due to a higher exposure
rate to HSV-1. No HSV-1 infections occurred in HSV-2-
positive mothers.

The risk of seroconversion during pregnancy relates to the

serostatus of the partners. The seronegative mother with a 

type 2-positive male partner has a markedly higher risk of acquiring

HSV-2 than the other scenarios that were noted (Table 5).6
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identify a period of time when they are at risk for asymptomatic shedding. However,

asymptomatic shedding also occurs beyond the window of symptoms.

Suppressive aciclovir therapy reduces the incidence of lesional episodes in people

with genital herpes, the number of asymptomatic episodes and also the number of

genomic copies of virus found by PCR found during these episodes.9 If they know they

have genital herpes patients may be given a choice of behavioural changes, and/or

consider antiviral therapy. Either course may reduce the risk of transmission.

The Use of Serological Screening in Pregnancy
Type-specific serologies could be particularly useful in a number of groups (Table 3),

particularly pregnant women.

To identify subclinical HSV-2 carriers
Candidates for behavioural intervention
Candidates for antiviral therapy
Potentially reduce transmission

To identify pregnant women at risk
Those who are uninfected but have serologically discordant partners
Those already infected

To identify asymptomatic individuals in other groups
Semen donors
Patients entering immunosuppressive therapy
Patients with HIV infection

To identify candidates for vaccines

Table 3: Potential populations in whom HSV type-specific serology could be useful

Neonatal outcome n=30, 326

0.4% maternal 
subclinical shedding

of HSV

Maternal 
first episode

26%

Maternal
recurrence

74%

Neonatal
attack
rates

30% 3%

Figure 3: Exposure to genital HSV at birth
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If people are made aware of genital herpes – if physicians are trained to conduct a

very detailed history, with a motivated subject during pregnancy – it seems logical to

hope that there will be an improved diagnosis. However, a recent study by Brown et

al (1995)11 showed that detailed interviews with pregnant women who denied that

they had genital herpes is poorly predictive of HSV-2 serostatus (Table 6). Twenty-

eight per cent of patients with no symptoms suggestive of genital herpes still had HSV-

2 antibodies; conversely, half of those thought by a trained interviewer to be highly

likely to have genital herpes were seronegative for HSV-2.

Table 6: Detailed interview of pregnant women denying genital herpes is poorly predictive of
HSV-2 serostatus 11

Symptoms of genital herpes Number in group HSV-2 seropositive

None 109 31 (28%)

Somewhat suggestive 50 15 (30%)

Definitely suggestive 18 9 (50%)

Table 5: Risk of seroconversion in pregnancy 6

Seroconversion event Number of couples with Number of maternal

the woman at risk seroconversions

Negative ➯ HSV-2+ 6 2 (33%)

Negative ➯ HSV-1+ 50 2 (4%)

HSV-1+ ➯ HSV-1&2+ 19 1 (5%)

HSV-2+ ➯ HSV-1&2+ 38 0

Table 4: HSV seroconversion prior to the onset of labour among 
7046 HSV-susceptible women (n=94) 10

Seroconversion Adjusted rate for entire pregnancy 

HSV – ➯ Any positive 3.7%

HSV – ➯ HSV-1+ 2.3%

HSV – ➯ HSV-2+ 1.4%

HSV-1+ ➯ HSV-1+ & HSV-2+ 1.7%

HSV-2+ ➯ HSV-1+ & HSV-2+ 0

Overall seroconversion 2.1%

This study suggests that clinical presentation and even careful history do not
adequately identify genital herpes, or the risk of acquiring it. Identifying pregnant
women who are not infected with HSV but have a seropositive partner would be
useful for the physician; the infected partner could be more closely monitored for
lesions at term, and the physician would have a higher index of suspicion for neonatal
HSV and any problems with the infant.

Formal studies are required to determine whether providing information would lead to
behavioural changes. Such studies could involve the counselling of partners; for example,
counselling seronegative women and their seropositive partners about the risks of
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transmission of HSV to the neonate at term. Other groups that may benefit from screening
include people who may be immunocompromised or HIV-positive individuals.

Types of Serological Tests 
There are two ways to type antibodies to HSV, Western blot and glycoprotein G (gG)-
specific tests.

The Western blot
The Western blot separates denatured proteins in the sample by molecular weight on

a polyacrylamide gel. The proteins are then transferred to a nitrocellulose filter and

incubated with the patient’s serum antibodies. The bound antibodies are then

themselves detected with a second antibody linked to an enzyme which catalyses a

visible colour change.

Figure 4 shows a Western blot of three sera from individuals with HSV-1 infection, HSV-2

infection and both types of infections, respectively. The gG band, which is marked in the

HSV-2 lane, is visible in profiles from sera with HSV-2 antibodies but is absent from the

HSV-1 sample. This difference helps distinguish the antibodies to HSV-1 from those to

HSV-2.

The HSV antibody type(s) on Western blots are reasonably easy to read in around

three-quarters of cases. The other 25% of sera require pre-absorption and repeat

testing to clarify the type-specific antibody profiles.

Figure 5 shows how seroconversion can be monitored by Western blot analysis.12

Screening Western blots were performed on sera drawn 1, 3, 4 and 14 weeks after onset

of symptoms due to genital HSV-2 infection. Sera were reacted with HSV-1 proteins

(labelled “1” in the figure) or with HSV-2 proteins (labelled “2”). Detectable antibodies

appear at Week 3 but the profile is not complete enough to be definitive for HSV-2. By

Week 4, the profile is considerably more complex and includes the type-2 specific

glycoprotein gG-2. The lack of antibody to ICP35 suggests recent infection. The Week 3

Figure 4: Western blot analysis of sera from an HSV-1
seropositive individual (left), an HSV-2 seropositive individual
(centre) and an individual who is positive for both types (right)

Figure 5: Seroconversion in an individual recently infected 
with HSV-2 12

and 4 sera were pre-adsorbed against either HSV-1 (“Ads:HSV-1”) or against HSV-2

(“Ads:HSV-2”) proteins and rerun against fresh blots to confirm that HSV-2 antibodies

were present. As shown, pre-adsorption against HSV-2 protein completely eliminates
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reactive antibodies while pre-adsorption against

HSV-1 proteins leaves antibodies which are

capable of binding to HSV-2 blots (“type specific

antibodies”). In isolation, the Week 3 profile

would be considered positive for HSV but of

indeterminate subtype. When the Week 3 and 4

profiles are read together, the progression of the

profiles is diagnostic for seroconversion to HSV-2.

Some of the advantages of the Western blot
technique are shown in Table 7. Western blot
can detect antibodies to multiple proteins and
can accurately distinguish HSV-2 and HSV-1
antibodies. Antibody profiles mature with time;
while time of infection cannot be determined
with this test, a fully developed Western blot
profile in a patient describing symptoms for the first time indicates a first symptomatic
recurrent episode. Western blot testing of over 200 subjects presenting to a Seattle
clinic with first episodes showed that 20% of subjects had actually been infected for
some time. This may affect counselling of patients and their current partners.

Type-specific assays using gG-1 and gG-2 glycoproteins
As shown in Figure 5 (Western blot with gG labelled figure), glycoprotein gG-2 is an
important marker of infection with HSV-2. For this reason, investigators around the world
have devised tests to detect antibodies to gG-2 and to the HSV-1 counterpart, gG-1. For the
most part, these tests follow a format which binds gG-1 and gG-2 onto a solid surface in
much the same way as the multiple proteins are bound onto nitrocellulose for Western blot.
Serum is added and bound antibodies are detected by a second, enzyme-linked antibody
directed against human immunoglobulin (enzyme-linked immunosorbent assay or ELISA).

Table 8 lists the chronology of the published methods that have been developed for
detecting type-specific antibodies to HSV-1 or HSV-2. The names reflect different methods
for binding the gG and, in some cases, different ways of detecting the patient’s bound
antibody. The immunodot enzyme assay was one of the first to be published, and is still in
use on a research basis in the USA. In Australia, an indirect gG2 ELISA is used.18 A

Table 8: Summary of type-specific tests developed for HSV antibodies

Name Abbreviation Reference

Immunodot enzyme assay gG-IEA Lee et al, 198513; Lee et al, 198614

Western blot WBA Ashley et al, 198815; Ashley et al, 19911

Immunoblot gG assay gG-blot Sanchez-Martinez et al, 1991a16; Sanchez-

Martinez & Pellet, 199617

Indirect gG-2 ELISA gG-2 EIA Ho et al, 199318

Monoclonal antibody blocking RIA MAb-RIA Slomka et al, 199519

Chiron RIBA™ Strip Immunoblot Assay RIBA™-SIA Alexander et al, 199620; Ashley et al, 1997 21

Gull gG-EIA Gull EIA Ashley et al, 199822

Table 7: Advantages of HSV Western blot

Multiple type-specific markers for HSV-1
and HSV-2
Allows accurate antibody typing
Allows recognition of HSV-2 in HSV-1-
positive patients
Allows recognition of HSV-2 in patients
who are seronegative for gG-2

Antibody profiles mature with time
Can differentiate first symptomatic 
recurrent episodes from true 
primary infection
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comparative study with Western blot has shown the accuracy of a monoclonal antibody
radioimmunoassay (MAb-RIA) used in the UK.19 Recently, an EIA version has been
developed. More recently, the RIBA™ strip immunodot assay, or RIBA™-SIA, has been
developed, which appears to be accurate. However, the company does not plan to market
this test. An alternative EIA format is under development. The Gull gG EIA which is also
considered accurate, has been submitted for FDA approval and is available in Europe.21

When the Gull assay was compared with Western blot, 93% of results were concordant.
The discordance was mainly due to differences in sensitivity, rather than wrong typing.
The assay performed well with HSV-1 antibody, and very well for HSV-2 antibody. Of
the test results that were equivocal by EIA, Western blot could be used to type or obtain
a definitive answer for most of them. In the future, it is likely that some laboratories will
use EIA to gG1 and gG2, with Western blot or other tests on equivocal samples.

The Gull EIA is an easy, fast, automatable test and has the familiar format of a
microwell EIA. The cost is likely to be reasonable. A new test from Diagnology
(Belfast, Northern Ireland, UK) – POCKit-HSV-2 – is a rapid gG-2-based test that can
be performed in clinical settings. Early studies show that it is very accurate for HSV-2
antibody detection. HSV-1 antibodies are not detected. Western blot has limited
availability, but it is accurate and will retain a place for some reference uses. Other
EIA formats may come on the market (Table 9).

Accurate, widely available type-specific serological tests

HSV gG-ELISA Gull Laboratories, Salt Lake City, Utah, USA*†

POCKit-HSV-2 Diagnology, Belfast, Northern Ireland, UK*†

HSV-1 and HSV-2 IgG Microbiology Reference Laboratory (MRL), Cypress, California, USA
differentiation immunoblot

Accurate, type-specific serological tests (more limited availability)

Competitive EIA or RIA Central Public Health Laboratory, London, England, UK
HSV Western Blot Virology Laboratory, University of Washington, Seattle, Washington, USA

*Note: Gull and Diagnology supply test kits to laboratories but do not provide testing services.  MRL, the Central Public Health Laboratory and the
University of Washington test sera in their laboratories.
† Not yet available in the USA pending clinical trials.

Table 9: Current availability of validated HSV type-specific antibody tests

Other serological assays for HSV
While type-specific assays that can confirm recent or past HSV-2 infection are
becoming more widely available, it is important to emphasize that currently available
tests do not accurately distinguish between HSV-1 and HSV-2 antibodies (type-
common or non-typing tests) as previously noted. These tests are based on multiple
proteins from HSV-1 and HSV-2 preparations. The proteins are bound to a solid
surface and the patient’s serum antibodies are added. Secondary antibodies against
human immunoglobulins are then added and, if linked to an enzyme, the presence of
HSV-antibodies is detected by colour change (ELISA or enzyme immunoassay; EIA). If
the secondary antibody is linked to a fluorescing molecule, the antibody is detected
by fluorescence (IFA: immunofluorescent antibody). These tests can tell whether a
person has been infected with HSV but because antibodies against one type of HSV
can readily react with proteins of the other type, tests using bulk protein preparations
cannot determine which type of HSV the antibodies are directed against. These non-
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typing tests must be used with caution – if at all – since their value is limited to the
diagnosis of true primary infection.

Benefits and drawbacks of serological testing for HSV-2
When considering the use of serological diagnosis, the physician should be aware of

the benefits and drawbacks of current methodology (shown in Table 10).

Table 11: Suggested ordering guidelines for HSV serological tests

Situation Serological test(s) Comments

Symptomatic, virus positive None A virological test is always better

Symptomatic, virus negative Serum pair (non-typing) Misleading in HS

Serum pair (typing) Very helpful

Asymptomatic, worried, Non-typing Helps only if seronegative

>8 weeks post-exposure Typing Positive test cannot correlate infection to exposure event

High risk, history negative Non-typing Helpful only if negative

Benefits Drawbacks

Better diagnosis of symptomatic patients Specificity is not complete

Improving perinatal management where Poor predictive value in low 
neonatal herpes is prevalent prevalence populations

Alerts patients to unrecognized infections Cannot diagnose genital HSV-1 infection

Defines susceptibility to infection Increased anxiety and concerns

Can help to resolve concerns Cost of testing
about relationships Cost and effort of counselling

Table 10: Benefits and drawbacks of serological testing for HSV-2

In summary, the use of accurate type-specific serological tests should increase recognition

and possibly decrease transmission rates if they are used appropriately along with

counselling. At least two FDA approved type-specific serological tests will be available in

the near future (the RIBA™-SIA and the Gull gG EIA tests). The real challenge, when they

become available, will be for the patient and clinician to ensure that the gG-based tests,

not the inaccurate EIA tests now available, are being used. 

Suggested guidelines for ordering tests
Type-specific serological tests are expensive. Suggested guidelines for ordering of HSV

serological tests are shown in Table 11. A symptomatic patient is ideally diagnosed by

culture from lesions. If the patient is symptomatic but the culture has been negative or

cannot be obtained, a serum pair (that is, two serum samples taken from the same patient

some time apart) to look for seroconversion can be useful, particularly if typing is available.

Another common situation is the asymptomatic person who may have recently been

exposed to genital herpes. If this individual is within 8 weeks of exposure, genital herpes is

difficult to diagnose, as many assays are most sensitive when the antibody profile has fully

developed (usually after 6–8 weeks [Figure 5]). A typing test cannot correlate the infection

to an exposure, but it can tell the patient whether they are HSV-seropositive or not.

management  s trategies  in  herpes
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Varicella Zoster Virus Vaccines

Introduction
Primary varicella zoster virus infection (VZV) is generally regarded as a mild, self-

limiting disease in countries in which the majority of infections are in children. In

otherwise healthy children, complications of varicella are rare, with less than two

deaths per 100 000 cases in children aged from 1–14 years.1 In contrast, varicella is

more frequently associated with complications and death in adults. For example,

clinically apparent varicella pneumonia occurs in one per 400 cases. An even more

serious complication is varicella encephalitis, which has a 10% mortality rate.1

Serious consequences of infection can also arise when varicella occurs during

pregnancy. Maternal infection in the first 20 weeks of pregnancy causes a 2% risk of

fetal abnormalities.2 Congenital varicella syndrome is characterized by unilateral limb

hypoplasia, skin scarring and neurological damage (Table 1).

Maternal infection later in pregnancy

may result in neonatal varicella.3 This

infection of the newborn can lead to

rapid dissemination of infection and

visceral involvement.

Another group at particular risk from

varicella are immunocompromised

patients with severe impairment of

cell-mediated immunity. For example,

in bone marrow transplant recipients,

the mortality rate from varicella can

approach 15%.4 The virus may be

transmitted to these patients from health-care workers or from individuals who are in

close contact.

The VZV vaccine has demonstrated clinical efficacy for the prevention of varicella in
children and adults. It is, therefore, an option to reduce some of the burden of varicella.
The two commercial varicella vaccines (produced by Merck and by SmithKline
Beecham Biologicals) are both derived from the Oka strain of VZV.

Development and Production of Oka 
Strain VZV Vaccine
The Oka strain of the live attenuated varicella vaccine is a commercially available

vaccine which originated from the varicella vesicular fluid of a 3-year-old boy whose

family name was Oka. The virus was attenuated by inoculating it into human and

guinea pig tissue cultures and then performing over 30 passages at 34°C and 37°C 

(see Figure 1). This process of culturing the virus in non-primate cells and at a low

temperature attenuated the virus. It is this attenuated virus that is used in the

commercially available varicella vaccines. 

Chapter  3

Embryopathy associated with varicella infection

Skin scarring

Limb hypoplasia of bone and muscle

CNS microencephaly, mental 
retardation, sphincter dysfunction

Eye cataract, chorioretinitis, 
microphthalmia

Table 1: Fetal abnormalities associated with varicella
infection during pregnancy
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Manufacture of Oka strain varicella vaccine
The manufacturing process for the varicella vaccine ensures that vaccine lots

produced over a period of years have identical properties with regard to purity, safety,

genetic stability and immunogenicity.5 Identical vaccine virus in each production lot

can only be obtained by using standardized conditions for replicating the virus.

Therefore, the growth medium, cell substrate used, incubation temperature and time,

as well as the passage level of the vaccine strain is carefully controlled5 (Figure 1).

Varicella Vaccine

11 passages 34˚CChild Oka

12 passages 37˚C
Human embryo lung

Human diploid cells
WF 38
3 passages

Human diploid cells
experimental vaccine
3 passages

Human diploid cells (HEL)
MRC5 3 passages

Guinea pig embryo (GPE)
fibroblasts

HEL11 GPE12 HDL8

HEL11

HEL11 GPE12 HDL3

HEL11 GPE12

HEL11 GPE12 HDL5

SEED VIRUS

Figure 1: Manufacturing process for Oka strain VZV vaccine

There are three preparations of the vaccine available. Two preparations are stable at 

-20°C and should be stored for long periods at this temperature, but a recently

developed preparation can be kept between 2°– 8°C.

Differences between the Oka Strain Vaccine and
Wild-Type Varicella Zoster Virus
It is important to distinguish the wild-type virus and the Oka strain of VZV when studying

the efficacy and safety of VZV vaccination. The Oka strain has various attributes that

allow it to be differentiated from wild-type virus. These are explained below.

Biological differences
The Oka strain varicella differs from wild-type VZV in two respects. The first

difference is that the Oka strain grows less well in cell culture at 39°C as compared

with wild-type VZV.6 The second difference is that the Oka strain has a greater affinity

for guinea pig embryo fibroblasts. Other than these factors, it is not possible to identify

any biological differences between the Oka strain and wild-type VZV.
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Genetic differences
Although the Oka strain of varicella is attenuated, there is no evidence that it has

undergone any specific mutations that alter the expression of viral genes.7 Differences

between the Oka strain and wild-type VZV can be detected when the viruses are

incubated with endonuclease enzymes. These enzymes cut the DNA at particular sites

known as restriction sites; each strain of virus has its own pattern of restriction sites.

The Oka strain has a particular pattern of restriction sites, but the differences from

wild-type virus result from geographical variation and are not markers of attenuation.7

The pattern of restriction sites can be useful to distinguish wild-type VZV from the Oka

strain in most clinical circumstances.8 For example, with the Pst1 enzyme, there are

restriction sites present in the Oka strain that are not seen in wild-type virus from the

USA and UK (Table 2).8–10

Table 2: Genetic similarities between Oka strain and wild-type VZV; n/k = not known8–10

Percentage of strains Viruses with a specific

identical to Oka (%) restriction site found in Oka (%)

VZV and reference: PstI – BgII+ R5A R2
7

Japanese wild-type10 7 37 n/k 13 10

USA wild-type8 0 0 20 n/k n/k

UK wild-type9 0 0 20 95 16

Clinical Studies with Oka Strain Varicella Vaccine
Measures of vaccine efficacy
Clinical studies indicate that vaccination offers good protection against varicella.
However, there has been only one placebo-controlled study of the varicella vaccine.
In the study, 468 children were immunized with a dose of 17000 plaque forming units
(pfu) and 446 were given placebo.11 Over the following 9 months, there were 39 cases
of varicella, all of which occurred in the placebo recipients, giving a vaccine efficacy
of 100%. During the second year of the study, one vaccinated child developed
varicella, giving an efficacy rate of 98%. The children who originally received placebo
were then vaccinated. During 7 years of follow-up, it was estimated that 95% of the
vaccinees remained free of varicella (Table 3). The high degree of protection observed
may be accounted for by the titre of the vaccine (17000 pfus) used. This titre is the
highest dose ever used but is impractical to produce on a commercial scale.7 However,
even at this high titre, the vaccine was found to be well tolerated.11

Breakthrough varicella
It is possible to assess the efficacy of vaccination by calculating the rate of varicella in

vaccinated individuals exposed to varicella. The cases of varicella that occur in these

individuals is known as breakthrough varicella and the higher the attack rate 

(i.e. number of cases of breakthrough varicella), the lower the degree of protection. In

unimmunized, susceptible adults, the attack rate is approximately 90% after household

exposure. Vaccinated adults have a lower degree of protection than children; their attack
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Table 3: Varicella casesa after vaccination11

Interval Number of cases Attack rateb (%) Mean number

of lesions

Year 1c 0 0.0 –

Year 2 1 0.2 17

Year 3 1 0.2 286

Year 4 5 1.0 43

Year 5 9 1.9 49

Year 6 3 0.6 57

Year 7 4 0.9 22

Total 23 – 53

a Excludes one case reported but not laboratory confirmed; b Based on person-years at risk; c From the time of
vaccination to 14 June 1983. Vaccine was administered between 9 September 1982 and 8 February 1983.

rate after household exposures to varicella is 30–40%12 compared with leukaemic

children with an attack rate of about 13%13 and healthy children with an attack rate of

about 10%.14

In all these groups, the breakthrough infections are milder in nature than natural

infections. The incidence of fever and the number of lesions are lower in both

vaccinated leukaemic and healthy children.11,15

Table 4: Results of clinical trials with Oka strain VZV vaccine12,16–20

Follow-up Rash or fever Seroconversion Protection:  Protection: 

(years) 1–3 yrs >3 yrs 

Healthy children 2–16 5% 95% 89–94% 88%

Adults 10% >90% 70%

(two doses)

Leukaemic children 2–16 5–50% 95% 86% 86%

(two doses)

Other 2–3 5–50% 74–95% 80%

immunosuppressed (two doses)

Safety of Oka strain varicella vaccine
Several clinical studies have documented that the Oka strain varicella vaccine is safe

and provides effective long-term immunity (Table 4).12,16–20 The main symptom of

varicella is a minor skin rash. The frequency of rash reported after immunization in

healthy children is about 5% and there are very few skin lesions (generally less than

10).21,3 Other common adverse events of the vaccine include fever (15%), temporary

discomfort at the injection site (19–24%) and rash at the injection site (3–4%).21,3

Similar mild adverse events are seen in healthy adolescents and adults although two

doses of the vaccine are given. However, the rate of vaccine-associated rash in adults

is 10%, twice that seen in healthy children.7
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In vaccinated leukaemic children, the incidence of adverse events in the first 6 weeks

after immunization is, however, significantly higher than in healthy children. A vaccine-

associated rash was the most common adverse event reported after immunization. Fifty

per cent of leukaemic children receiving chemotherapy developed rash compared with

5% of children no longer receiving chemotherapy in a study of 548 leukaemic children.

Other adverse events were reported less frequently, in about 5% of these children.7

Immune Responses to Varicella Vaccine
In addition to evaluating efficacy, the immune response to vaccination with the Oka

strain of varicella has also been studied. Both the humoral and cellular immune

responses to the Oka strain vaccine have been explored in different populations.

Seroconversion
The rate of seroconversion following vaccination is generally high although the actual
rate varies according to the population studied. Healthy children show the highest rate
of seroconversion with rates of about 95% after one dose of the vaccine.11,21–23

In contrast to the high rate of seroconversion seen in healthy children, only 80–85% of
children with leukaemia seroconvert after one dose. Consequently, it is recommended
that leukaemic children are given two doses of varicella vaccine which will achieve
seroconversion rates greater than 90%. 

It has been found that adults, including young adults, do not respond as well to the
vaccine as children, even leukaemic children. Seronegative healthy adults have been
successfully vaccinated in a number of studies but, as with leukaemic children, most
investigators found that two doses of vaccine are required to achieve a seroconversion
rate of more than 90%.

Persistence of antibody response after seroconversion
There is a high degree of persistence of antibodies to varicella after vaccination and it
is greatest in children. In a 20-year follow-up after immunization, 25 out of 26 young
adults remained seropositive.17 Similarly, of over 500 healthy children who were
followed for up to 6 years, 95% remained seropositive.7 The immune response,
however, is less persistent in immunized adults and leukaemic children than in
healthy children (Figures 2 and 3).3

Figure 2: Percentage of leukaemic children seropositive after varicella vaccination
(based on data from reference 3) 3
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Figure 3: Percentage of adults seropositive after varicella vaccination
(based on data from reference 3) 3  

Cell-mediated immunity
Cell-mediated immunity to VZV is mediated by antigen-specific T-cells that are elicited

during a primary infection.24,25 VZV-specific cellular immunity is important in controlling

viral replication in healthy and immunocompromised individuals with varicella or

herpes zoster. Failure to produce T-cells that can recognize VZV antigens is correlated

with a risk of persistent viraemia and life-threatening dissemination in immuno-

compromised children.26 Clinical experience has also shown that absent, weak or

delayed cell-mediated immune responses correlate with severe manifestations and

complications of VZV in the newborn, elderly, otherwise healthy individuals and in

patients with primary or secondary deficiencies of cellular immunity.27

In children, good cell-mediated immune responses are produced after one dose of

vaccine. In contrast for adults, two doses are required to produce the same degree of

cellular immune response. This difference may be explained by the changes in the

immune system that accompany ageing.

Memory T-cells that recognize VZV antigens are maintained at frequencies of

approximately 1:40 000 peripheral blood mononuclear cells in adults28,29 and this level

is similar to that seen after vaccination.30 Ageing is associated with a decreased ability

of T-cells to recognize VZV antigens and this waning appears to begin at about 

40 years of age.31 This is manifested as decreases in delayed hypersensitivity reactions

to VZV skin test antigen and in the frequencies of memory T-cells that recognize VZV

antigens (Figure 4).31 Although there is a decrease in cellular responses, antibody

levels remain positive into the ninth and tenth decades of life (Figure 5).31

As cell-mediated immunity is required to maintain the balance between the host and

VZV, this diminished ability to respond to the virus is associated with an increased risk

of herpes zoster in the elderly.32 A similar correlation occurs in patients receiving

immunosuppressive therapy.13,33 However, reactivation of VZV in elderly and

immunosuppressed individuals does not correlate with decreasing titres of VZV IgG

antibodies.13

Although adults do not respond as well to vaccination as children, 86–88% of healthy
adults have persistence of antibodies to varicella from 7 to 13 years after
immunization (Figure 3).3
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Correlates of protection 
It is uncertain which responses to vaccination correlate with protection. In leukaemic and

healthy children there is a trend towards improved protection in those who have

detectable humoral and cell-mediated immune responses at the time of household

exposure compared with those who do not manifest these responses.3 The relative

importance of these two arms of the immune response is difficult to interpret. There is good

evidence that cell-mediated immunity correlates with protection but there is less consensus

that the presence of antibody is protective.27 The severity or incidence of varicella did not

increase with time for leukaemic children who had originally seroconverted after

vaccination but became seronegative over a period of up to 11 years.8 In contrast, the

attack rate of breakthrough varicella following household exposure in 83 children was 8%

in seropositive children and 29% in seronegative children.13 Furthermore, protection

Figure 5: In vitro VZV-induced lymphocyte stimulation according to age and expressed as
stimulation index: counts per minute of 3H-thymidine uptake for lymphocytes incubated with
VZV divided by counts per minute after incubation with medium alone. ‘Zoster’ indicates values
in patients with herpes zoster 31
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(••) according to age. ‘Zoster’ indicates values in patients with herpes zoster 31
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correlated with the titre of VZV-specific antibody at 6 weeks post-vaccination in a study

of 4042 healthy children and adolescents (Figure 6).22

Booster Doses
Natural boosting can occur because of periodic re-exposures during the annual
varicella epidemics and is one reason why immune responses may persist.26 Immunity
to VZV can also be maintained by subclinical reactivations of latent virus resulting in
endogenous re-exposure to viral antigens.34

Vaccination has also been shown to give prolonged immune responses; this may be
due to the vaccine itself or because it boosts secondary exposure to VZV in the
community. However, the persistence of immunity has been questioned and there are
concerns about the risk of varicella outbreaks in non responders if the vaccine is used
widely. Therefore, studies have evaluated the responses to booster doses of vaccine
given several years after initial immunization. Booster doses are associated with
increases in humoral35 (Table 5)36 and cellular immunity36 in immunocompetent
individuals and are well tolerated.35,36 However, while it seems likely that booster
doses will increase protection, there are as yet no data to support this contention.

Dosage of Vaccine 
The intensity of immune response and protective efficacy is correlated with the titre of

vaccine. A high titre of infectious virus is associated with a greater likelihood of

seroconversion.35,37,38 The rate of seroconversion also appears to correlate positively

with titre of virus.39,40 In addition to antibody response correlating with dose, T-cell

proliferation also positively correlated with dose in two studies38,39 but not another.37

Figure 6: Rate of varicella cases in Years 1 and 2 post-vaccination by 6-week antibody category (gpELISA) production22
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However, in the study in which no correlation was found, although the virus titre of

each dose was different, the antigen content was the same. It is possible that viral

antigen content can affect cell-mediated immune responses to varicella vaccines and

therefore mask any dose relationship.37

The titre of virus is also correlated with the degree of protection offered by the

vaccine. One study evaluated seroconversion and breakthrough varicella in 513

10–30-month-old children receiving either a high titre (non-heat-exposed) vaccine 

(10 000–15 850 pfu), a low-titre (heat-exposed) vaccine (630–1260 pfu) or placebo.16

There were statistically significant differences in the number of breakthrough cases of

varicella between the groups; there were five cases of breakthrough varicella in the

high-titre group compared with 19 in the low-titre group and 24 in the placebo group

(P=0.05 for each comparison [Figure 7]16). Thus, the efficacy of the high-titre vaccine

was 88% versus 55% in the low-titre vaccine group. There was also a trend to a

higher rate of seroconversion with higher titre of virus, but the correlation between

level of post-vaccination antibody and protection was poor.

Table 5: Humoral response to varicella vaccine booster 36

Seropositivity rate

% response Geometric 

Time (no. responding/no. tested) mean titre

Before booster 98.8 (414/419) 25.7

Days 5–16 100.0 (302/302) 143.6

6 weeks (subset) 100.0 (74/74) 218.8

3 months 100.0 (358/358) 119.0
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The relationship between virus titre and protection (or seroconversion) has

implications for the storage and handling of the vaccine. The vaccine is quite labile

and sensitive to light and, therefore, should be stored and used according to the

manufacturers instructions. In this way, it will retain full potency and generate

maximal immune responses.

Incidence of Herpes Zoster after Vaccination
There has been concern that vaccination would result in premature or a changing

pattern of herpes zoster. The incidence of herpes zoster has not increased in healthy

vaccinated children.22 However, the incidence of herpes zoster is low in children and

it is difficult to draw any firm conclusions about the effect of vaccination. In contrast,

the rate of herpes zoster is higher in children with leukaemia and, therefore, the

incidence of herpes zoster after immunization has been studied in this patient group.

The two studies conducted to date have found that fewer vaccinated children with

leukaemia developed herpes zoster compared with those who acquired varicella

naturally. In one study, none of the 34 vaccinated leukaemics but 15 (21%) of 

73 unmatched controls developed herpes zoster (P=0.0170).41 In the second study, 

96 vaccinated leukaemic children were matched with 96 leukaemics who had

experienced natural varicella.13 The rate of herpes zoster was 2% in the vaccinees and

15% in the controls (P=0.02); Figure 8.13

Further evidence that vaccination

appears to lower the incidence of

herpes zoster comes from a study in

which 268 healthy adults were

immunized. The average age of the

adults was 27 years and they received

two doses of vaccine, 3 months apart.

Of these vaccinees, only one

developed herpes zoster. The

calculated incidence of herpes zoster

is 12.8 cases per 100 000 person-years

compared with an expected rate of 77

cases per 100000 person-years.42

There are a number of hypotheses to explain why herpes zoster is less common after
vaccination than natural infection. It may be that the virus is attenuated or because
vaccination seldom causes skin lesions, the virus cannot gain access to the sensory
nerves as it is thought to do during natural infection when lesions are present. Support
for the importance of a skin rash comes from studies of vaccinated leukaemic children
in which the risk of developing herpes zoster was nearly six times higher if the
vaccinee had a history of VZV-related rash than if no rash had occurred.13

The apparent importance of a skin rash for the development of herpes zoster has led to
the prediction that the incidence of herpes zoster will be lower in healthy vaccinees
than those who have had natural infection. This is because a vaccine-associated rash
and breakthrough varicella are unusual in healthy vaccinated adults or children.12
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Oka Strain Varicella Vaccine in Combination 
with Measles-Mumps-Rubella Vaccine
The licensing of the Oka strain varicella vaccine in the USA has led to the suggestion that

the addition of the varicella vaccine to the measles-mumps-rubella (MMR)-combination

vaccine would make universal vaccination more probable.40,43 Furthermore, a combined

vaccine would be more acceptable to the patient, parent and practitioner. 

A preparation which contained both the MMR vaccine and the varicella vaccine

(MMRV) has been compared with the MMR vaccine and varicella vaccine injected at

separate sites given at the same visit (MMR+V) in children 15 months of age.43 In both

groups there were 100% varicella seroconversion rates and lymphocyte proliferation

responses at 6 weeks and 1 year after immunization (Table 6). While the antibody titre

to varicella was lower in the MMRV group at 6 weeks, at 1 year there was no

difference compared with the MMR+V group. The seroconversion rates for measles,

mumps and rubella were 100% in both groups. There was no statistical difference in

lymphocyte proliferation responses between the two groups.43

Table 6: Humoral and cell-mediated immune responses to varicella virus after immunization with combined vaccine (measles, mumps, rubella
and varicella [Group 1]) ; or measles-mumps-rubella-vaccine and varicella vaccine administered simultaneously at separate sites (Group 2) 43

Humoral immune responses

Group 1 Group 2

Time after

immunization GMT in GMT in

(weeks) n gpELISA SD Seroconversion (%) n gpELISA SD Seroconversion (%)

0 48 <.625 0 NA 49 <.625 0 NA

6 48 7.0 2.4 100 45 15.3 1.6 100

52 42 19.0 3.3 100 41 24.1 2.4 100

Cell-mediated immune responses, mean

Group 1 Group 2

n SI SE n SI SE

0 24 1.1 0.1 30 1.3 0.1

6 21 26.4 4.3 24 35.0 6.1

52 18 14.9 3.7 21 29.0 8.7

GMT = geometric mean titre, gp = glycoprotein, NA = not applicable, SI = stimulation index (for lymphocyte proliferation), SD = standard deviation, SE = standard error

Another trial compared the MMRV vaccine with the MMR vaccine followed 6 weeks

later by the varicella vaccine.40 Both immunization schedules stimulated 100%

seroconversion to all the component viruses. The antibody titres were similar for all

the viruses in both groups.

The two studies found that the frequency of local and systemic reactions were similar

after administration of the MMRV vaccine preparation and when the MMR vaccine

and varicella vaccine were given separately.
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In summary, the results of the two studies suggest that MMRV is effective in

stimulating immune responses. However, long-term follow-up is required to determine

the persistence of both cellular and humoral immunity over time after immunization

with this investigational preparation. 

Strategies for Vaccination
There are several different strategies proposed for vaccinating susceptible individuals

(Table 7), each with its own advantages.

Universal vaccination
There are two types of universal vaccination:

vaccination of young children or vaccination of

children at 12 years of age. The catch-up strategy

is a combination of these two different approaches

to universal vaccination. In contrast, targeted

vaccination involves immunizing only those

individuals who are at risk of severe or

complicated varicella.

Universal vaccination of all children aged 12–18 months is recommended by the

Advisory Committee on Immunization Practices (ACIP) in the USA (see Table 8).44 Such

routine vaccination is considered essential as without universal vaccination, cohorts of

children would reach adulthood without exposure to the virus and, therefore, would be

susceptible to varicella at an age when the risks for severe disease and complications are

highest.45 Because of these risks, the ACIP also recommends vaccinating children aged 

19 months to 12 years who have not previously been vaccinated and lack a reliable

history of varicella. It suggests that children are vaccinated before 13 years of age

because two doses of vaccine are required after the thirteenth birthday.

Table 8: ACIP recommendations44

ACIP Recommendations

12–18 Months

1 dose varicella vaccine with MMR at the same time

19 months – 12 years 

Negative history of chickenpox: 1 dose varicella vaccine

≥13 years: test for IgG antibodies

Target immunization to high-risk groups

Susceptible contact immunocompromised

health-care workers

family

Susceptible health-care workers

Susceptible persons working with children/in institutional settings/colleges

Susceptible women of childbearing age but not pregnant

Susceptible travellers abroad

Table 7: Vaccination strategies

Universal childhood

vaccination (with MMR)

Universal adolescent (12 years)

Catch-up

Targeted
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For people older than 13 years, the ACIP recommends immunizing those at highest

risk of exposure and for transmitting the disease to others. Vaccination is advocated

for susceptible individuals who have close contact with people at high risk of serious

complications. This group includes health-care workers and family or close contacts

of immunocompromised individuals, especially transplant recipients. 

In addition to those in close contact with people at risk of complications, other groups

who are a high priority for immunization include those who work in environments

where there is a high likelihood of transmission. Under this category, the ACIP

includes susceptible individuals working with children, in institutions and in colleges.

Susceptible women of childbearing age and travellers abroad are also recommended

as candidates for vaccination.

Targeted vaccination
However, in the UK and many other countries, the emphasis is on targeted

vaccination. In the UK, where a varicella vaccine has not been licensed, the

candidates for targeted vaccination would be non-pregnant women of childbearing

age, the immunocompromised, adults and health-care workers.

Current UK Department of Health guidelines recommend post-exposure prophylaxis

with varicella zoster immune globulin or aciclovir for immunocompromised patients

at risk of severe varicella infection and susceptible health-care workers.46 It has been

proposed that, instead, there is targeted pre-exposure vaccination of these groups. This

suggestion is controversial but such an approach may simplify infection control

measures, reduce the risk of severe varicella infection in immunosuppressed patients

and also reduce the costs of controlling outbreaks and days lost from work.47

There is also a strong argument for the targeted vaccination of women of childbearing

age. Susceptible pregnant women are at high risk of exposure to varicella from

children in their household as most cases of varicella occur in those under the age of

5 years. Furthermore, the attack rate of varicella is extremely high with household

contact and, therefore, a substantial number of women with a negative history are

susceptible.

Varicella in these women causes severe maternal morbidity, and 10–20% of infected

women develop varicella pneumonia with mortality as high as 40%.48 Furthermore, if

the mother develops rash near the time of delivery or shortly after this may result in

neonatal varicella which has a mortality of up to 30%.49 In addition, the overall rate of

teratogenicity is 2%.50 Although this is a lower percentage than fetal damage resulting

from rubella infection in pregnant women (85% rate), in the UK, the absolute number

of babies born with birth defects due to varicella is similar to the number of cases of

congenital rubella syndrome now that rubella has been reduced by immunization.

The ideal candidates for targeted vaccination have yet to be confirmed. If targeted

vaccination is chosen as a strategy, then the choice of candidate groups must depend

on an understanding of the risks and benefits of this strategy for each patient group.
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Economic Analyses of Vaccination
The choice of a targeted vaccination policy or universal vaccination can be

influenced by many factors. The costs and benefits of both vaccination strategies have

been explored and, in the case of universal vaccination, have been a contributing

factor in the choice of this particular strategy in the USA.

Universal vaccination
Universal vaccination is only considered to be cost-effective if both medical and non-

medical costs are taken into account.51–53 An analysis of the cost-effectiveness of

vaccination conducted over 10 years ago found that if the loss of income resulting

from parents having to take time off work to care for their sick children was taken into

account along with medical costs, then vaccination was cost-effective.54 A more recent

study reported that for every dollar spent on immunization, US$5 dollars was saved.53

However, as with the earlier study, this saving was only made if the costs of lost work

by parents were considered; if only medical costs were considered, then the universal

vaccination would cost US$2 for every varicella case prevented.

Another analysis has also found that universal vaccination is cost-saving mainly

because it reduces the burden of parental work loss associated with this common

childhood disease.52 It was estimated that vaccination would yield net economic

benefits of US$66.47 per vaccinee.

The cost-effectiveness of universal vaccination determined in these studies compares

favourably with other health-care interventions. Vaccination has a similar cost-

effectiveness to hepatitis B vaccines and pertussis vaccines for infants, and it is more

cost-effective than hypertension screening for middle-aged men.54

Most of the analyses of the cost-effectiveness of vaccination have been performed in
North America and, as a result, are heavily dependent on North American resource
utilization data. As the results of these analyses indicate that the cost-effectiveness is
heavily reliant on non-medical costs, the finding that vaccination is a relatively cost-
effective use of resource cannot be readily applied to other countries. Studies should be
performed in other countries to establish local cost-effectiveness of vaccination.

One study has examined the cost-effectiveness of routine varicella vaccination in

Germany.55 It compared three vaccination strategies with no vaccination: vaccination of

all 15-month-old children, vaccination of susceptible 12-year-olds and a combination of

these two strategies (catch-up). The strategy of vaccinating 12-year-olds was the only

one which resulted in direct medical cost savings (Figure 9). However, although this

strategy was the most cost-effective, it was felt that the approach may be less acceptable

from a medical or organizational standpoint. Consequently, a second option was

considered which was to start immunizing the 15-month-old children and to use the

catch-up vaccination of 12-year-olds for 11 years. Then from Year 12, only 15-month-

old children would be routinely immunized. This combination of strategies was also

found to be cost-effective. In the first 11 years of this combined strategy, for every one

Deutschmark (DM) spent, DM4.72 would be saved, while from Year 12 onwards (when

only 15-month-old children are vaccinated), one Deutschmark spent on vaccination

would save DM4.60.55
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These findings further support the

cost-effectiveness of vaccination

but, once again, these results

cannot be directly extrapolated to

other countries. The analysis used

resource data from Germany

where the costs of treatment of

varicella are high. However, results

from a scenario in which the costs

of treatment were halved, to better

reflect the situation in other

European countries, did not seem

to alter the general conclusions 

of the economic benefits of

vaccination.55

Targeted vaccination 
In addition to findings that universal vaccination is cost-effective, targeted vaccination has

also been reported to be cost-effective. For example, the vaccination of susceptible leukaemic

children is cost-effective compared with no vaccination. In a study of 472 leukaemic

children, it was 11–13 times cheaper to vaccinate all children than to treat some of them.56

The cost-effectiveness of targeted vaccination for women of childbearing age has been

calculated in the USA as US$7000 per case of varicella prevented. This finding was

based on the assumption that 95% of women were seropositive, the incidence of

varicella in pregnancy was three women per 1000 and that all women were screened

regardless of disease history.57 It was estimated that 2000 women would be screened

and 100 vaccinated for every case of varicella prevented in pregnancy at an overall

cost of US$70 000. However, it was suggested that there may be savings in diagnosis

and treatment and, in the cases of congenital varicella, the costs related to fetal

morbidity such as blindness and neurological defects. 

A similar analysis demonstrated that vaccination was cost-saving when epidemiological

data from an actual clinical population was used.58 In this population, 80% of women

were seronegative and the incidence of varicella in pregnancy was 7.7 cases per 1000

women. Therefore, vaccination may be more cost-effective in populations where there is

a low proportion of seropositive women.

Benefits and Disadvantages of Vaccination Strategies
Universal vaccination
One advantage of universal vaccination is that there is the potential to eradicate

varicella, although this will be more difficult than for measles, mumps and rubella

because VZV persists in the form of herpes zoster which represents a reservoir for

exposure to children.59 Furthermore, as the Oka strain of varicella is attenuated, any

herpes zoster that develops may be less severe. However, the disadvantages are that

the cost-benefit of universal vaccination has not been established fully. There is also a
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concern that long-term immunity may wane but results to date are encouraging and

suggest that immunity persists. 

Another significant problem is the potential for a universal vaccination programme to

shift upwards the age at which susceptible individuals acquire varicella.45 This could

result in cohorts of individuals being exposed to varicella in adulthood when the risks

of severe varicella and complications are greatest. It has also been suggested that the

reduction in natural boosting that would accompany the reduction in incidence of

natural varicella infection may increase the incidence of herpes zoster in the older

population.45

Targeted vaccination
Targeted vaccination is less costly than universal vaccination while protecting high-

risk groups. It also has the advantage that the benefit of natural boosting is not lost.

The major problem with targeted vaccination is its implementation as it depends

largely on the vigilance and commitment of the practitioner. In addition many of the

populations at risk require two doses of vaccine which adds to the logistical problems.

There may also be people who have severe immunosuppressive disorders that make

them unsuitable for vaccination but who are still at risk of naturally acquired varicella.

Finally, as with universal vaccination, there is the potential waning of immunity over

time.

Vaccination to Reduce the Incidence 
of Herpes Zoster
Herpes zoster results from the reactivation of VZV in sensory ganglia. The incidence and
the severity of herpes zoster increase with age.60–62 The most frequent complication of
herpes zoster in older individuals is zoster-associated pain which can be severe and
disabling.

Immunity to VZV plays a vital role in limiting viral reactivation. The increase in
incidence of herpes zoster is associated with a decline in cell-mediated immunity and
it has been suggested that herpes zoster develops because VZV-specific cell-mediated
immunity falls below a certain level.63

The Oka strain vaccine can stimulate cell-mediated immunity in children and adults.
The vaccine can also stimulate the waning cell-mediated immune responses in elderly
subjects to levels observed in younger individuals.63 The vaccine was administered to
200 elderly individuals (mean age 67 years). The responder cell frequency increased
from 1 per 70 000 peripheral blood mononuclear cells (PBMCs) to 1 per 40 000
PBMCs. This response is comparable to that seen after natural infection and to that
observed in 40-year-old individuals. The increase in VZV-specific cell-mediated
immunity was long-lasting, with a half-life of 54 weeks (Figure 10).32 In the 4 years of
observation, only one case of herpes zoster was virologically confirmed and two cases
were immunologically confirmed. None of the cases was associated with prolonged
zoster-associated pain or extensive rash.63

It is, therefore, reasonable to hypothesize that the restoration of cell-mediated immunity
may reduce the frequency and severity of herpes zoster and its complications.
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To test the hypothesis, a large-

scale placebo-controlled trial is

ongoing. This study has a very

large sample size, 27 000 subjects,

because of the relatively low

incidence of herpes zoster and

zoster-associated pain. The trial

will follow these elderly

individuals for a minimum of 

3 years.32R
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Immunotherapeutic Vaccines for
Herpes Simplex Virus Disease

Introduction
Herpes simplex virus (HSV) infects man by penetrating mucous membranes or injured

skin. It then replicates in epithelial cells causing lysis and initiating an inflammatory

response. The virus spreads via sensory nerves to establish a latent infection in

ganglia. As a neuron is an immunologically privileged site and is a difficult sanctuary

to breach, latency is a barrier to vaccine efficacy. If a vaccine is to be effective as a

therapy, it must limit the reactivation of the virus or limit its spread. To do this, a

vaccine should augment the host’s specific immune responses.

Important targets for vaccine development are the glycoproteins (g). There are 11 HSV

glycoproteins of which gB, gC, gD and gE trigger potent immune responses;1 they are

inserted into the envelope of the virus and perform important biological functions. For

example gB plays a central role in the absorption of the virus and penetration into the

host cell (Figure 1).1

The glycoproteins elicit both cellular and humoral immune responses.2 Neutralizing

antibodies to HSV are predominantly directed to gB and gD3,4 and monoclonal

antibodies to these glycoproteins protect guinea pigs from experimental challenge

with HSV.5 In addition, immune responses to other glycoproteins have been shown to

be protective.6 The importance of the HSV glycoproteins has led to the development

of vaccines directed against them.

gH
Required for virus entry:

induces neutralizing antibodies

Major capsid protein:
other polypeptides
also found in capsid

Binds to Fc
of IgG

Required for infectivity:
most potent inducer of
neutralizing antibodies

Required for
infectivity

Tegument proteins
(include VP16)

Little cross-reactivity between
HSV-1 and HSV-2 gG:
used for type-specific

serological assay

gG

VP5

gE

Binds to Cb3
component of
complement

gC

gD

gB

Approaches to the Immunotherapy of HSV
A number of different approaches has been employed for the immunotherapy of HSV

infection (see Table 1). Many of the trials of these potential vaccines have had significant

Figure 1: An overview of the structure of HSV (for clarity, many proteins are not shown)
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methodological flaws that have rendered

their interpretation difficult. However,

recent advances in molecular biology

have led to the development of new

vaccines which have undergone more

rigorous clinical trials.7

Non-specific live vaccines
Non-specific live vaccines were first

used in the 1920s when smallpox

(vaccinia) vaccines were used in open clinical trials. The theoretical basis for the trials

was that HSV and vaccinia stimulate cross-protective immunity, an assumption that

was later disproved.8 The bacillus Calmette-Guerin (BCG) has also been used as a

non-specific immune stimulant but failed to show efficacy in a double-blind placebo-

controlled trial.9

Autoinoculation of live HSV 
Inoculation of an individual with their own vesicular fluid was used to treat HSV

recurrences in the 1950s and 1960s. This natural infection did not prevent lesions

and, in some cases, lesions recurred at the injection site as well as at the sites of the

original lesions.10,11

Whole, inactivated vaccine 
The safety concerns associated with the use of live vaccines prompted the

development of killed-virus preparations. These were prepared by chemical or

physical inactivation of the virus

One of the first clinical trials of an inactivated vaccine for the treatment of recurrent

HSV infection was performed by Frank in 1938.12 Suspensions of formalin-inactivated,

HSV-infected rabbit brain were repeatedly injected into 14 volunteers, 13 of whom

reported subjective improvement in the interval between recurrences. However, a

placebo group was not included and the vaccine was not immunogenic.

The study design by Frank was the model for a large number of therapeutic studies

conducted between 1946 and 1982. These studies evaluated the efficacy of

inactivated vaccines in the treatment of recurrent HSV disease. In these studies, from 0

to 100% of patients reported improvements. However, the assessments of efficacy

were subjective and, as with the Frank study, there were no placebo controls.

The first placebo-controlled studies were conducted by Kern and Schiff13 using an

inactivated whole virus vaccine. An initial trial assessed the vaccine’s efficacy over a 

6-month period.14 It found that the number of recurrences was reduced in 10 of the 

12 treated subjects (83%) and in two of 11 placebo recipients (18%). In a second study

using the same vaccine but in which the patients were followed from 6 to 36 months,

Kern and Schiff reported that 16 of 23 vaccine recipients (70%) had fewer recurrences

and 22 of 29 placebo recipients (76%) also experienced improvements (Table 2).13 The

significant placebo effect observed in this study highlights the importance of

appropriate controls when evaluating vaccine immunotherapy of HSV infection.

Table 1: Vaccines evaluated for the
immunotherapy of HSV infection

Non-specific live vaccines

Autoinoculation of live HSV

Whole inactivated vaccines

Inactivated subunit vaccines

Glycoprotein vaccines



Chapter  4

management  s trategies  in  herpes

40

Yet, despite the importance of controls in clinical trial design, large-scale open trials
were still being conducted 20 years after Kern and Schiff’s findings. Heat-killed, whole
virus vaccines from HSV-1 (Lupidon H) and HSV-2 (Lupidon G) have been reported to
produce significant improvement in 81% of 1059 participants in an uncontrolled,
open trial.15 Similarly, a formalin-inactivated vaccine was given to over 2000
individuals and reported to give significant improvements for 65–80% of patients.16

The reports of success in uncontrolled trials led to the evaluation of two Lupidon
vaccines in a double-blind, placebo, controlled trial.17 Ninety-four patients were
enrolled and had HSV lesions in various locations. Improvement was defined as
prolongation in the disease-free interval or a decrease in severity of recurrence. Over
the 6 months of the study, 28 of 34 vaccinees (82%) and 18 of 60 of the control group
(30%) were reported as improved (Table 2).18 Although this difference was significant,
the study has several weaknesses: there was a diverse study population; there were
many treatments given; there was a failure to report the method of assignment to
treatment group and the method of outbreak assessment.

Inactivated, subunit vaccines
These subunit vaccines contain components of the virus rather than the whole virus.
They were initially adopted because of a suggested link between HSV and cervical
cancer and, fortuitously, because of the advances in protein purification at the time. The
inactivated, subunit vaccines for HSV have largely contained HSV glycoproteins with or
without adjuvants. As these glycoproteins have important functions and are highly
immunogenic, they are important components of candidate HSV vaccines. The
adjuvants (e.g. alum) have been used to enhance the immune response to the vaccines.

However, the procedures required to produce subunit vaccines are labour intensive
and costly. They include detergent extraction, DNase treatment, and affinity
chromatography to isolate the subunits. Furthermore, the yield from these procedures
is often low and the product is difficult to reproduce and standardize. Despite this,
several studies have explored subunit vaccines for HSV immunotherapy.19

As with the earlier whole, inactivated vaccines, the interpretation of most of these

clinical studies has also been made difficult because of design flaws. For example, there

were fewer and less frequent recurrences in 59 volunteers receiving a subunit vaccine

Author (year) Vaccine Therapeutic trials

preparation no. improved/total (%)

Vaccine Placebo

Kern and Schiff (1964)13 Whole virus, 16/23 (70%) 22/29 (76%)
formalin-inactivated

Weitgasser et al (1977)17 Whole virus, 28/34 (82%) 18/60 (30%)
heat-killed

Kutinova et al (1988)19 Subunit, 18/24 (43%) 15/42 (35%)
lectin-purified

Table 2: Results of early double-blind human trials of inactivated vaccines for the treatment of HSV infection
(adapted from reference 18)18
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containing HSV-2 envelope glycoproteins and alum than in 33 unimmunized control

patients.20 When recurrences did occur in the vaccinated group, they were of shorter

duration and less severe. Unfortunately, there may have been a placebo effect as the

control group knew they were not receiving vaccine. In addition, the study group

comprised individuals with genital herpes and those with orolabial herpes. These two

diseases have unique natural histories and should not be combined for analysis.21

Similar design flaws are also associated with trials of an HSV-1 glycoprotein vaccine
adsorbed to alum for the treatment of recurrent genital or orolabial herpes.19 Comparable
decreases in the frequency of recurrences were seen in the vaccine recipients (43%) and
the placebo recipients (35%); thus, there was a significant placebo effect (Table 2).
Moreover, the vaccine was found to be minimally immunogenic, producing little or no
humoral response. The combination of the placebo effect and the poor immunogenicity of
the vaccine may explain why no clinical benefit was demonstrated in the trial.

An HSV subunit vaccine, called the Skinner vaccine was produced by Skinner and
colleagues. It consists of mixed HSV-1 glycoproteins prepared by formalin inactivation
and detergent extractions. A series of uncontrolled studies has claimed efficacy for
prophylaxis in over 100 sexual partners at risk of HSV infection and has also claimed
therapeutic efficacy.22,23 The Skinner vaccine has since been assessed in a double-
blind, placebo-controlled trial in 316 patients with frequently recurring genital
herpes.24 The vaccine did not significantly reduce the number of recurrences during
the first 6 months after vaccination compared to placebo and neither did it reduce the
median number of days to first recurrence. The vaccinees had fewer lesions and
symptoms during outbreaks but the healing time was unaffected. The vaccine
recipients had an increase in neutralizing antibody titre at 1 month but no change in
lymphocyte proliferation responses to HSV-1 or HSV-2.24

Thus, the studies of inactivated, subunit vaccine, and of whole, inactivated virus do
not provide definitive evidence of the efficacy of immunotherapeutic HSV vaccines.
However, the indications of efficacy in two of these studies14,17 suggest that
immunotherapy is a valid concept. The advent of recombinant DNA technology and
the development of an animal model have led to the evaluation of several different
recombinant glycoprotein vaccines.

Glycoprotein Vaccines
Guinea pig model of genital herpes
The experimental testing of immunotherapeutic vaccines has been aided by the recent
development of a guinea pig model of recurrent genital herpes.25 The model mimics
human disease in several respects (see Table 3) and has been used to study this
persistent viral infection. However, there are no reagents available to characterize
fully the immune responses in the guinea pig.

Other experimental models used in vaccine immunotherapy include rabbit and mouse
ocular herpes.26,27

The current generation of glycoprotein vaccines are produced by recombinant DNA
technology. It allows large quantities of glycoproteins to be obtained easily and relatively
inexpensively. 
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Immunotherapy with glycoprotein vaccines

has been shown to significantly reduce the

frequency and severity of recurrent genital

HSV infections in the guinea pig model.

Guinea pigs who had recovered from a

primary infection were inoculated with

either recombinant HSV-1 glycoprotein B

from (gB1) and gD1 with complete Freund’s

adjuvant. The recurrences during the first 

3 weeks after vaccination were reduced 

by 45% and following a booster on Day 29,

were reduced by 68% over the second 

3-week observation period. The improve-

ments in genital HSV infections were accompanied by a 4–244 fold increase in

antibody titre.28 This was the first controlled study to indicate that immunotherapy can

alter the natural history of genital HSV infection. Subsequently, treatment with a

vaccine containing HSV-1 glycoproteins B and D has been shown to reduce the

frequency of recurrences and asymptomatic HSV shedding in infected guinea pigs.29

The guinea pig model has since shown that a

variety of factors influence the efficacy of

immunotherapy (Table 4), including dose, type

of immunogen and timing of inoculation relative

to the primary infection.30 Of all the factors

tested, the single most important factor was the

adjuvant formulation used. Potent

(immunogenic) adjuvants, such as complete

Freund’s, muramyl tripeptides (MTP) in oil and

liposomal formulations were effective, while

poor adjuvants such as aluminium hydroxide

(alum) were largely ineffective.30

Although animal studies indicate that complete

Freund’s adjuvant and MTP are the most potent,

they are too reactogenic to be used in man. For

this reason, alum is frequently used in man. Newer agents are being tested to identify

a compromise between reactogenicity and potency and one candidate is MF59. This

is a microfluidized oil-in-water emulsion that is highly potent in animals and has been

shown to be immunogenic in man. Other adjuvants include squalene, polysorbate 80

and sorbitan trioleate.

Clinical trials of glycoprotein vaccines
A gD2-alum vaccine increased HSV-specific antibody titre in a Phase I trial. The

increases were larger than those reported in any previous trial.31 Twenty-four

individuals with or without prior HSV-1 or -2 infection were vaccinated four times

with 30 µg or 100 µg of gD2 in alum. The peak EIA (enzyme immunoassay) titres in

seronegative individuals were higher than the initial titres in seropositive individuals.

Table 3: Characteristics of guinea pig model of genital herpes

Self-limited acute illness

Quantifiable vesiculoulcerative genital disease

Quantifiable HSV replication in the genital tract 

Spontaneous recurrent infections:

clinically-observable lesions

viral shedding in the absence of observable lesions

UV radiation-induced recurrent infections

Definable humoral, cell-mediated and cytokine responses

Table 4: Factors influencing efficacy of HSV
immunotherapy in guinea pigs

Timing of administration relative to primary

infection

Dose and route of administration

Adjuvant

Immunogen:

HSV glycoproteins

HSV gD

HSV gB + gD

HSV ICP35

HSV gD gene (DNA)

HSV-2 DISC virus
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The HSV-2 seropositive volunteers had 6–10-fold increases in their EIA titres and 6–7-

fold increases in neutralizing antibody titres (Figure 2).31

Figure 2: Neutralizing antibodies to HSV-2 in vaccine recipients.Arrows indicate vaccine administration.
Dashed line indicates baseline mean gD2 titres in HSV-2-positive subjects31
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The success of this preliminary trial led to a double-blind, placebo-controlled trial of the

gD2-alum vaccine in 98 patients with recurrent genital herpes.32 These individuals had

between 4 and 14 recurrences per year. They received injections of 100 µg gD2 in alum or

a control of alum alone at entry into the study and at 2 months. The patients were followed

for a year and their recurrences were confirmed by examination and virus culture.

By several criteria, the gD2 vaccine recipients experienced fewer genital herpes

recurrences than placebo recipients. The gD2 recipients reported 24% fewer recurrences

per month than the control group (P=0.055) and 36% fewer virologically confirmed
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recurrences per month (P=0.019). Over the year of the study, there was a lower median

number of recurrences in the vaccinees (P=0.039). The vaccine also increased

neutralizing antibody titres 4-fold and gD2-specific EIA titres 7-fold (Figure 3).32
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This was the first placebo-controlled trial in man to demonstrate that a vaccine could

modify the course of a chronic viral disease. However, in this study, no critical

determinant of the immune response was identified. Although there was a rise in

antibody titre, this did not correlate with recurrence rates, which corresponds with the

observations in guinea pigs.28

The alum used in the trial is not a potent (immunogenic) adjuvant and, in an attempt to

improve upon the vaccine, gD2 was combined with other adjuvants and glycoproteins.

Animal models had shown that gB2 was immunogenic and effective in therapy of HSV

infection. Therefore, the two glycoproteins were combined in one vaccine. It was also

observed that the MF59 adjuvant boosted immunogenicity without unacceptable

reactogenicity, whereas an MTP-PE adjuvant was excessively toxic.33 Consequently, a

vaccine containing gB2 and gD2 with MF59 was evaluated clinically. 

The peak antibody titres in seronegative individuals following vaccination with the

gB2gD2-MF59 vaccine were higher than those with the gD2-alum vaccine and the

mean neutralizing antibody titre was higher than in individuals with naturally

acquired HSV-2 infection. There were also sustained increases in T-cell responses

with the gD2gB2-MF59 vaccine that were not observed with the gD2-alum vaccine.

Figure 3: Neutralizing antibody titres to HSV-2 at baseline and 84 days after first vaccination32
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As a consequence of these promising studies, the gB2gD2-MF59 vaccine entered

several Phase III clinical trials. One of these trials was a double-blind, placebo

controlled therapeutic study in 202 individuals with recurrent genital herpes.34 Half of

the participants received vaccine (gB2gD2-MF59) at 0, 2 and 12 months and placebo-

(MF59 only) at 14 months. The other half received placebo at 0 and 2 months and

vaccine at 12 and 14 months. The participants were followed for 18 months, during

which recurrences and cellular and humoral responses were measured.

Preliminary results indicate that the vaccine did not significantly reduce the monthly

rate of herpes recurrences. However, a number of parameters were significantly

reduced during vaccination: duration of symptoms (from 6.7 to 2.7 days, P=0.002)

new lesion formation (from 6.9 to 4.1 days, P=0.04) and the duration of healing (from

8.8 to 6.8 days, P=0.004). In contrast, the duration of viral shedding was not

signficantly reduced (3.8 versus 2.7 days, P=0.16).34 These results led the manufacturer

to stop trials of the vaccine as therapy for HSV infection.

Another recombinant glycoprotein vaccine is currently undergoing clinical trials for

immunotherapy of HSV infection. The vaccine consists of 20 µg of truncated gD2

vaccine adsorbed onto alum and administered with or without the adjuvant

monophosphoryl lipid A (MPL). Initial trials established that the vaccine was well

tolerated, stimulating humoral and cellular immune responses in seropositive and

seronegative subjects. Another study in seronegative individuals showed that higher

antibody levels were produced when the vaccine was combined with MPL.35 The effect

of MPL was confirmed in a 1-year follow-up study which showed that the vaccine-MPL

combination engendered higher antibody levels, T-cell responses, IL-2 and γ-interferon

levels than in the MPL-only group.36 The vaccine is currently undergoing a Phase II/III

trial for the immunotherapy of HSV infection.

Future Directions for HSV vaccine immunotherapy research
Many of the HSV immunotherapeutic vaccines have not been successful and there is

currently no immunotherapeutic vaccine available with proven efficacy (see Table 5 for

an overview)37. Several reasons have been suggested for the failure of these vaccines.

Table 5: Relative advantages and disadvantages of different types of HSV vaccines37

Inactivated Live attenuated Recombinant Recombinant

vaccines vaccines viral vaccines glycoproteins

Safety

Infectivity No Yes Yes No

Reactivation No Yes No No

Recombination No ? No No

Oncogenicity ? ? No No

Immunogenicity

Potency ++ +++ +++ ++

Durability + +++ ++ +

Production cost Moderate Moderate Low Low
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One significant reason is that the critical immune responses important in controlling

HSV reactivation are unknown. This lack of knowledge is a significant impediment to

the rational development of effective vaccine immunotherapy. Many of the

experimental vaccines have induced substantial rises in antibody as measured by

ELISA (enzyme-linked immunosorbent assay) or by neutralization. However, the

antibody response does not appear to predict the therapeutic efficacy of a vaccine.

This may be because the assays do not measure the critical antibody (or antibodies) or

it may be that other mechanisms are important for immunotherapy of recurrent

infections. Animal studies have shown that vaccines which are effective in controlling

recurrent infection also enhance specific lymphoproliferative cytotoxic and cytokine

responses.38,39 Although caution must be applied before extrapolating the results of

animal studies to man, it may be that identifying a vaccine that better stimulates

cellular immunity may be more worthwhile.

It is also possible that immunotherapeutic vaccines fail because despite the fact that

they may potentiate immune responses, this vaccine-induced immunity cannot deter

repeated, high-level exposures and reactivating virus. In any case, the efficacy, cost

and convenience of any of the vaccines developed to date are not competitive with

preventative (suppressive) antiviral therapy.

Lessons can be learned from the experience of the development of immunotherapeutic

vaccines. The ideal therapeutic vaccine must boost critical immune responses and the

response induced must be durable. The vaccine must be safe and of low reactogenicity.

Preferably, the vaccine should contain antigen or non-infectious virus. If a live virus is

used, it should be of low virulence and be capable of inhibition by an antiviral drug.

Despite the discouraging history of the development of therapeutic vaccines, there is

still much activity in the area. Trials results are awaited from the gD2-MPL vaccine

and a number of new approaches are being explored, including live attenuated,

defective and replication-incompetent viruses. In any case, it is important to define the

protective and therapeutic immune responses to HSV as these can guide the

development of vaccines for prophylaxis of HSV infection.
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Current Status of Vaccines for 
the Prophylaxis of Herpes Simplex
Virus Disease

Introduction
The development of vaccines for herpes simplex virus (HSV) infection has been aided by an

understanding of the immune response to HSV. Innate and acquired immune mechanisms

have been reported to play an important part in controlling the resolution of HSV infections.

The growing knowledge of the biology of HSV and importance of the components of the

acquired immune response have led to several development strategies for vaccines to

enhance the acquired immune response and thereby combat HSV infection. 

Immunology of HSV Infection 
Immune responses to HSV infection involve both innate and acquired (adaptive) immune
mechanisms. The innate responses serve to limit the virus early on in infection before the
acquired immune response develops. The important components of the innate immune
response include natural killer cells, cytokines and macrophages. The natural killer cells
lyse certain target cells that are infected with the virus and, as they are effective without
prior exposure, they are an important defence mechanism in primary infection. The
relatively low natural killer cell function and reduced production of some cytokines may
contribute to the susceptibility of newborn babies to herpesvirus infections.1

The acquired immune response consists of two arms; the cellular immune response and
the humoral response. The relative importance of these two components is unresolved. 

Humoral response
Following HSV infection, antibodies develop to a variety of virus-specific antigenic
targets which include nonstructural proteins (e.g. immediate early gene products) and
structural proteins (e.g. major and minor glycoproteins). The antibody neutralization of
extracellular HSV may be particularly important early on in infection. Antibodies may
also play a part in resolving established HSV infection.

Type-specific antibodies protect against vertical transmission of HSV type 2 (HSV-2)
from mother to infant, an observation which lends further support to the importance of
antibody. In an extension of a study first published by Brown et al, 1991,2 31 800
women had a herpes culture and a serum sample taken within 48 hours of delivery
and asymptomatic shedding was detected in 122 women.3 Results from Western blot
serotyping were available for 116 of these 122 women (Figure 1).

Among these 116 women, 96 women had evidence of reactivation of HSV at delivery:

89 with HSV-2 and seven with HSV type 1 (HSV-1). There were no cases of neonatal

herpes in the 89 infants born to the women with HSV-2. Of the seven women with

reactivation of genital HSV-1 disease, there was one case of neonatal herpes. In

contrast, among women acquiring first-episode infection at or near term, neonatal

herpes was common. Of six primary infections (three HSV-1 infections, three HSV-2

Chapter  5
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infections), there were four instances of transmission to the neonate (three of three

HSV-1 infections; one of three HSV-2 infections). In a non-primary first episode

infection (i.e. an HSV-2 infection in an HSV-1 seropositive mother) there were 14

births and four cases of neonatal herpes (see Figure 1).3 These data suggest that the

presence of HSV antibody is associated with a lower risk of neonatal herpes. This is

confirmed by previous studies that have shown an inverse association between

maternal neutralizing antibodies and acquisition of HSV-2 infection in infants.4,5 The

perceived importance of antibodies has led to the development of vaccines that

preferentially stimulate the humoral immune response.

Cellular immune responses
It is unlikely that the humoral response alone is sufficient to prevent HSV infection or

disease; HSV can spread from cell to cell in the presence of antibodies and some

studies have noted little association between antibody levels and clinical status.6

However, support for the importance of another effector mechanism is provided by

the observation that B-cell suppressed mice can clear primary HSV-1 infections.7

Adoptive transfer experiments have shown that CD4 and CD8 T-cell subsets can clear

virus from the site of infection and effect recovery from infection.8 Furthermore,

adoptively transferred HSV-immune T-cells homed to the urogenital mucosa and

protected mice from lethal challenge against wild type HSV-2.9

Other evidence for the importance of T-cells comes from observations that clinical

disease is most severe in persons with depressed T-cell immunity and other defects in

cell-mediated immunity, but that agammaglobulinaemics can respond well to HSV

infection with normal patterns of recurrences.10

The relative importance of CD4 cells and CD8 cells in the response to HSV is

unresolved. Adoptive immunotherapy in different animal models has shown

protection with both CD4 and CD8 cell types.

Measurements of T-cell responses in genital lesions reveal that resolution of the

lesions does not begin until cytotoxic T-cell (CTLs) are recruited into the lesions. This

HSV CTL activity is detected very early on in the course of a lesion and increases over

time.11 CTLs, which have the CD8 phenotype, recognize the viral antigens in

Figure 1: The incidence of neonatal herpes in children born to seropositive women3
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association with major histocompatibility complex (MHC) class I gene products and

destroy the infected cell. For a vaccine to induce a CTL response, it must have the

appropriate epitopes (antigenic sites) and present the antigens in such a way that it can

be taken up by cells bearing MHC class I molecules.

CD4 T-cells are also important in mounting immune responses to HSV infection. They
are vital in stimulating the CTL and antibody responses. These CD4 cells also develop
antigen-specific responses which result in cytokine release or cytotoxic responses that
can aid immunity. The CD4 cells also mediate delayed type hypersensitivity which is
thought to be important in recovery from cutaneous HSV disease.12

Importance of humoral and cell-mediated immunity
It is likely that both humoral and cellular immunity are important in controlling the
response to virus infection and it is unlikely that any one immune response alone is
protective. It may be that antibody responses are important for controlling primary
infection and that cell-mediated immunity is more important once an infection is
established. The aim of vaccine therapy must be to augment the immune response. The
approaches developed to date have explored modulation of one or both arms of the
immune response in order to make a discernible clinical difference. 

Requirements of a Prophylactic HSV Vaccine
There are three ideal requirements for a prophylactic (preventative) vaccine for HSV

infection. It should:

Prevent infection (a difficult goal)

Prevent clinical manifestations of the infection, i.e. prevent clinical disease

Prevent the establishment of viral latency and thus the reactivation source to

decrease the potential infectivity over time.

Prevention of infection
The pathogenesis of primary genital HSV infection is shown in Figure 2.13 Prevention
of infection must block immediate viral replication upon initial exposure to the
infecting antigen, i.e. sterilizing immunity. In addition, an effective vaccine must
prevent replication before virus becomes latent in the sensory ganglia, where it is
relatively protected from the immune system.

There are several challenges for the immune system in mounting a protective immune

response. First, unlike many other viruses (e.g. primary varicella zoster virus [VZV]

infection), HSV does not have a viraemic phase that leads to its dissemination or its

subsequent reactivation. Second, the time in which to develop an effective immune

response upon exposure to HSV infection is shorter than following VZV and other

herpesviruses infections. These two factors combine to make HSV a difficult virus to

develop a prophylactic vaccine for; if the vaccine is to be effective, the level of

immunity that exists on encountering the wild-type virus must be high. 

Preventing disease
Preventing the manifestations of clinical disease may not be a major requirement for

an HSV vaccine. Only 20% of HSV-2 seropositive persons seek medical attention for
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primary infection14,15 even though 80% of first-episode acquisitions are symptomatic.16

Furthermore, a vaccine that prevented symptoms but did not alter the long-term

natural history of reactivation, or had no effect on asymptomatic shedding, may be

detrimental overall. The outcome could be an increase in the reservoir of people with

undiagnosed infection, so leading to higher rates of transmission.

However, a disease-preventing vaccine that did not prevent latency or change the natural

history of the disease may be useful for selected patient populations such as seronegative

pregnant women and seronegative transplant recipients, and to prevent neonatal herpes.

In these instances where HSV disease can cause serious complications, prevention of the

disease would have obvious benefits even though HSV may establish latency.

Support for the Concept of a Prophylactic 
HSV Vaccine
There are some observations which support the protective effect of pre-existing immune

responses and suggest that it is feasible to produce a disease-preventing vaccine. One

line of evidence is that reinfection by the same subtype at the same anatomical site is

rare.17,18 Further support comes from the observation that transmission to the neonate is

uncommon in HSV-2 seropositive mothers, suggesting that maternal immunity reduces

the frequency and severity of the disease.2,19,20

Figure 2: Pathogenesis of primary genital HSV infection13
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In addition to these observations that pre-existing immunity is important, the targets

against which the immune system is directed are remarkably constant in HSV. There is

little strain differentiation in the major surface proteins of HSV (and other herpesviruses),

in contrast to the persistent RNA viruses which use antigenic change as a major

mechanism of their persistence.21 For example, glycoprotein (g) D is a highly conserved

protein.22 Importantly, gD is a confirmed target of neutralizing antibody, antibody-

dependent cellular cytotoxic responses and of virus-specific immune responses

mediated by CD4 and CD8 cells.23 In addition to showing similarity between strains, gD

has been sequenced over time from people who have a reactivation and has shown no

sequence changes.24 Therefore, stimulating immune responses to HSV antigens may offer

protection against infection with HSV.

Potential HSV Vaccines
There is a variety of potential vaccines for prophylaxis of HSV infection and disease.

These vaccines have been investigated in animal models and several have undergone

clinical trials in man (Table 1).

Attenuated live virus vaccines
Attenuated live virus vaccines cause an infection and

establish latency in the ganglia. Ideally there should be

little or no reactivation even during severe immuno-

suppression. One attenuated live virus vaccine is

R7020, an HSV-1 strain that has been genetically

attenuated by deleting sequences of viral DNA.25 The

deletions reduced the ability of the virus to establish

latency and also created space for insertion of sequences encoding the glycoproteins G

and D. The gG sequence was inserted to act as a marker of successful immunization and

the gD sequence was added as it was known to be immunogenic.25

The modified virus was found to be stable and attenuated in a number of animal

models. In the same models, R7020 protected against wild-type challenge and latency

was established at a reduced rate (Table 2).25 However, in man it was poorly immunogenic

and as a consequence, serial administration of very high (105 plaque forming units

[pfus]) doses of R7020 were required to elicit an immune response. As well as its poor

immunogenicity, R7020 was not well tolerated in HSV-1 seropositive individuals in

whom it caused adverse events that were severe enough to stop the clinical trial.26

Although, to date, success with live attenuated vaccines is limited, if a less attenuated

construct can be developed, this option offers the best immunological approach.

However, there are issues about the stability of attenuation as genetic recombination

could occur with wild-type virus. There is also the concern that the attenuated vaccine

may reactivate from latency in the immunocompromised patient. 

Disabled infectious single cycle virus vaccines
Disabled infectious single cycle (DISC) virus vaccines are also known as replication

defective viruses. They are a new approach in the development of virus vaccines and

are derived from a virus that has had an essential gene deleted (Figure 3). The viruses

Attenuated live virus vaccines

Disabled infectious single cycle

(DISC) virus vaccines

Modified live virus subunit vaccines

Table 1: Types of vaccines in development
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with the gene deletion are then cultured in monkey kidney cells which have been

genetically engineered to express the missing gene, which allows the assembly of a

fully functional virus. After these modified viruses infect host cells, the viral replication

cycle will proceed to a point where the missing gene product is required.28 If this is

early in the cycle, then viral proteins will accumulate; if it is later in the cycle, then

most of the cycle may be completed but no infectious virus will be produced. 

The DISC viruses have several features that make them attractive candidates for
vaccines. They should be unable to spread in the host because of the deletion of an
essential gene and because they are inactivated they may be given in relatively large
amounts to generate humoral immune responses. After inoculation, because the DISC
virus has most of the structural proteins, it will stimulate an immune response against all
these proteins rather than the selected antigens that are used in subunit vaccines.
Another important property is that the viral antigens that are produced after the single
cycle of replication can be presented in conjunction with MHC class I molecules and
stimulate a broad cell-mediated response to viral infection.

Table 2: Protection of guinea pigs against intravaginal challenge with HSV-2 (G) after
immunization with R7020 (adapted from reference 25)25

No. positive for pressure of latent virus/

total no. tested after immunization

Intradermal Intramuscular

Test measurements Control HSV-2 (G) R7020 R7020

(107 pfu) (108 pfu) (108 pfu)

Vaginal shedding 10/10 1/5 9/10 10/10
Genital lesions 9/10 1/5 7/10 7/10
Paralysis 7/10 0/5 0/10 1/10
Death 5/10 0/5 0/10 0/10
Latency:

Total 5/5 1/5 2/10 2/10
L*3–L6 2/5 0/10 2/10
S*1–S3 4/5 2/10 1/10

*L, lumbar; S, sacral

Vaccination
Vaccine

production

Monkey
kidney cell

Human
cells

Antibody
response

Cell-mediated
immunity
response

gH protein

gene for gH

DISC virion

Figure 3: How DISC vaccines work 27
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There are two versions of DISC virus vaccines currently in development. In one

version, either the ICP-27 gene or the ICP-8 gene is deleted. Both these genes are

essential for enabling late gene expression. Although these genes have been deleted,

the DISC virus can enter the host cell and begin to replicate. However, the replication

cycle stops at the point where the deleted gene is required and so the earlier gene

products accumulate. These gene products can be processed by antigen presenting

cells and stimulate immunity.

In the other type of DISC vaccine, the glycoprotein (gH) gene has been deleted in an

HSV-1 and -2 strain. This gH gene encodes a glycoprotein essential for virus entry into

cells and thus it is necessary for the vaccine to be propagated in cells which supply

the missing function. However, despite this deletion, the virus can complete a single

cycle of replication, leading to the synthesis of all the viral proteins except gH. The

result is the assembly and release of fully formed but non-infectious progeny virions.29

The DISC vaccines produced have been shown to be immunogenic. They stimulate

antibody responses and T-cell responses. Although the cellular immune response is

low, it appears quickly upon challenge. The DISC vaccines have also been shown to

ameliorate disease upon challenge and reduce latency in animal models. Guinea pigs

vaccinated with the gH deleted HSV-1 or HSV-2 DISC viruses have been shown to be

protected from disease when challenged with wild-type HSV-2 (Figure 4).28,30,31
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Animals vaccinated with the HSV-1 DISC virus showed substantial but not complete

protection against primary and recurrent disease.28 Higher levels of protection against

primary and recurrent disease were provided in the same model using the HSV-2 DISC

vaccine30,31 (Figure 5).31 In animals receiving two doses of HSV-2 DISC virus (107 pfu),

there was complete protection against primary disease and a 98.6% reduction in

recurrent disease symptoms compared with the control group (P<0.0001). Furthermore,

there was also complete protection against primary disease even when the guinea pigs

were challenged 6 months after vaccination. In animals receiving one dose of the HSV-2

DISC vaccine (107 pfu/dose), this long-term protection was greater than 99% when

Figure 4: Mean virus titre in guinea pigs challenged with HSV-2 after immunization with HSV-2 DISC
vaccine.30 i.vag = intravaginal; i.n. = intranasal
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compared with the control group (P<0.0001). The protection from disease symptoms

was 100% after double- and triple-dose vaccinations (P<0.0001 in both cases). In

addition, virus shedding was also reduced after challenge with wild-type virus.31 The

DISC virus vaccine has also generated CTL responses against HSV antigens.30
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Figure 5: Protection against primary and recurrent genital herpes in an animal model after
vaccination with HSV-2 DISC virus vaccine31

Thus, the HSV-2 DISC virus vaccine provided high levels of protection against disease

symptoms and this response was long-lasting and substantially reduced replication of

challenge virus.30,31 The duration of immunity is clearly of critical importance to any

vaccine but the reduction in viral shedding also provides the theoretical advantage of

a decreased risk of transmission. 

Following these promising studies, the DISC virus vaccines are currently undergoing

trials to evaluate their safety and immunogenicity in man. Initial results indicate that

the DISC viruses are immunogenic, suggesting that this is an attractive approach to

development of a prophylactic vaccine.32

Modified live virus subunit vaccines
An alternative approach is to incorporate the genes for subunits of HSV into another

virus. This virus would infect the host and express its own proteins and those of the

HSV subunit genes inserted into it. 

Vaccinia virus has been used as a vector for HSV genes in several studies. These

vaccines have been shown to be effective in preventing infection in animal models. A

vaccinia virus expressing gD protected mice against a lethal challenge of HSV-1 and

prevented latency in two-thirds of ganglia.33,34 The protection and T-cell response was

greater if the vaccinia-gD vaccine used an early promoter that produced gD within 

2 hours after inoculation than if the gD was under control of a late promoter.35 The

responses to the vaccine lasted for over a year and could be boosted.35



Despite its apparent efficacy, there are concerns about the safety of the vaccinia-gD

vaccine in man.36 Immunocompromised individuals and those with skin diseases are

susceptible to severe vaccinia infection, and there may be spread from vaccinees to these

individuals. In addition, vaccinia can produce rare but severe disease in healthy people.

An alternative vector is the adenovirus. A recombinant adenovirus expressing gB,

when given intraperitoneally, protected mice from a lethal challenge of HSV-2.9  When

the adenovirus-gB vaccine was given intranasally, it also protected against intranasal

challenge and stimulated mucosal and cell-mediated immune responses.37

There are other viruses that are potential vectors (see Table 3), one of which

is canarypox. A cloned isolate of an attenuated canarypox vaccine strain

has been designated ALVAC. Although canarypox does not replicate in

mammalian species, an ALVAC recombinant can be as potent at stimulating

immune responses in mammalian target species as a replication competent

vaccinia virus recombinant.38 In HIV vaccine trials it has resulted in CD8

and CTL responses that are comparable to responses to the vaccinia virus.

ALVAC has been proposed as a candidate vector for an HSV vaccine. 

Nucleic acid vaccines
Nucleic acid vaccines utilize the observation that when DNA is inoculated into

muscle tissue the gene encoded in the DNA is expressed, resulting in presentation of a

conformational protein or peptide which is processed by antigen-presenting cells and

transported to the regional lymph nodes where it can stimulate antibody and cellular

responses (Figure 6).38 The response that is stimulated by injection of DNA (100 µg of

DNA may contain approximately 13 x 109 copies of a gene) may be greater than if an

equivalent amount of protein is injected.
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Table 3: Candidate viruses for use
as vectors in an HSV vaccine

Vaccinia virus

Pox viruses

Rhinovirus

VZV

Poliovirus

Plasmid
containing
gene for
antigenic
peptide

Expression
of antigen

Proteolysis

Antigens bind
to MHC

Antigens
transferred

to cell surface
in vesicles

Peptides enter
endoplasmic reticulum

TAP 1
TAP 2

Heterodimeric
Transporter

Components of the MHC
T-cell receptor

Presentation of peptide
at cell surface

Figure 6: Antigen presentation after DNA injection (adapted from reference 39)39
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The advantages of a nucleic acid-based immunogen is that it allows presentation for

class I and class II major histocompatibility complex (MHC) responses. This will result

in a broader, and perhaps more effective, immune response. Multiple epitopes

(antigenic sites) can also be presented in a single formulation and so stimulate a wide

variety of responses. The nucleic acid vaccine approach has been investigated for

Hepatitis B, HIV, influenza and as potential vaccines for HSV.

Plasmid DNA containing the ICP-27 gene of HSV-1 (pc-ICP 27) has been shown to

induce a protective immune response in mice (Table 4).40 Mice were immunized twice

with intramuscular injections of pc-ICP 27. They were then challenged with HSV-1

and the nature of the immune response measured. There was protection, as measured

by lesion development, in 70–80% of immunized mice. The mice also exhibited 

HSV-specific lymphoproliferation, MHC I restricted CTL activity and type I cytokine

production. Adoptive transfer studies revealed that recipients of CD4 cells but not

CD8 cells were protected from subsequent challenge.40

Days post-challenge (% of mice developing lesion)a

Immunogen Day 6b Day 10 Day 14 Day 21

pc-ICP 27 0 30 (2.3) 30 (NS)c 30 (NS)

Vector 10 (1.0) 100 (3.3) 100 (NS)d 100 (NS)

HSV-1 (KOS) 0 0 0 0

None 20 (1.0) 90 (3.9) 100 (NS) 100 (NS)

a BALB/c mice (3–4 weeks old) were immunized with 90 µg of DNA or with HSV-1 (Strain KOS) (107 TCID50) in the
quadriceps muscle on Days 0 and 7. On Day 14, the mice were challenged with 10 ID50 (104 TCID50) of HSV-1.
The table represents one of the three experiments done using 10 mice per group. 
The values in parentheses indicate mean severity scores of the animal with positive lesions. Mortality of the animals began
at 10 days post-challenge and all were dead by Day 14. The lesions were graded as 1+ to 4+ depending on severity.

b Day 6 = 6 days post-virus challenge.
c All 30% of the mice which developed lesions died previously.
d All the mice died previously.

Table 4: HSV lesions in mice immunized with p-ICP 27 40

Although the injection of pc-ICP 27 was protective, the level of protection was not as

great as that after vaccination with live virus.40 This may have been due to quantitative

differences in cellular immune responses observed and because injection of pc-ICP 27

failed to induce an antibody response. Antibody may play a role in clearing virus and

therefore, the effectiveness of pc-ICP 27 in conjunction with gB DNA, which induces

antibody, is being investigated to see if efficacy can be improved.40

Nucleic acid vaccination with plasmids containing the DNA sequence for HSV-2 gD2

(pc-gD2) has been shown to be immunogenic and provides protection against HSV-2

induced disease in mice (Figure 7).41 Three immunizations with pc-gD2 resulted in

lower virus titres from vaginal secretions than in control animals. Addition of a single

injection of 0.1 µg of Vitamin D3 at the beginning of the vaccination series appeared

to enhance protection but did not significantly enhance levels of antibody. The

vaccinated animals also produced gD2-specific serum antibodies and HSV-2

neutralizing antibodies which were not seen in the controls. Cellular immune

responses were not studied in this model.41
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Another nucleic acid vaccine that also encodes gD2, but is under the control of the

cytomegalovirus immediate-early gene promoter, also offered protection against

intravaginal HSV-2 challenge in a guinea pig model.42 The vaccinated animals

exhibited protection from primary genital HSV-2 disease and there was little or no

development of lesions. After recovery from primary infection, the guinea pigs had

significantly fewer recurrences and significantly less latent HSV-2 as judged by the

amount of genomic DNA detected in the sacral dorsal root ganglia.42 Nucleic acid

vaccines show promise in animal models for the prophylaxis of HSV infection and are

at an early stage of investigation in man.
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Conclusions
The first step to diagnosis of suspected herpes simplex virus (HSV) infection is to

obtain a sample from the infected area to be analysed by a laboratory. This is a

general principle which should be applied when herpesvirus infection is suspected.

Diagnosis of Genital HSV Infection
Any patient presenting for the first time with suspected genital HSV infection should

have a swab taken for virus culture. If the patient has a symptom or a sign (lesion,

blister, ulcer), this is the first step of diagnosis.

Tests are important for the subsequent management of the patient. Following the first

presentation with genital herpes, the physician should have the test results before that

patient returns for the next consultation. Accuracy with diagnosis of mucocutaneous

herpesvirus infections in the immunocompetent adult is important, but as long as the

test result is back before the next patient visit, it is not necessary to have the result

immediately.

Many people who have genital HSV infection but with symptoms suggesting a history

of herpes who have now just been diagnosed may have previously had a negative

swab test result. Physicians must recognize that a swab may give a false negative for

HSV and so a negative test result does not rule out genital HSV infection.

Should physicians routinely take a swab, even if a patient has typical lesions and

clinical diagnosis seems straightforward? If the patient presents with presumed genital

herpes and on examination has classic vesicles, a swab should still be taken to

confirm the diagnosis. Every patient with genital herpes should receive a laboratory-

confirmed diagnosis, regardless of whether it is the first episode or not.

In a presentation of first episode genital herpes, the virus should be typed because this

gives important prognostic information. Typing can assist in providing accurate

information on frequency of recurrences to the patient.

If the first test is negative, the patient should be invited to return for another

swab/culture as soon as possible when they next have symptoms in case it leads to a

diagnosis of genital HSV. 

If the patient has had one positive diagnosis of genital herpes and the physician has

explained the natural history and implications, the patient is likely to return to the

physician, with recurrent episodes. There is an indication for repeating the culture only if

there is an unusual presentation or symptoms, because the patient may have an

additional infection, or blistering dermatosis.

Serial swabs may be useful for monitoring an immunocompromised patient. For

example, take the case of an individual with HIV infection and disease with a CD4

count of 2 cells/µl. The physician takes a swab from a perianal ulcer. The physician

might initiate oral aciclovir therapy, but not be completely sure about the dose, and

whether the patient will respond. The patient could be asked to return to the clinic
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7–10 days later for a further swab which would indicate whether the culture had

converted to negative. This, together with the clinical response, would tell the

physician how much longer the patient should be treated, or whether reduced

sensitivity to the drug is present.

Diagnosis of HSV Encephalitis
For cases of suspected HSV encephalitis, it is strongly recommended that the physician

obtain a sample of cerebrospinal fluid (CSF) and ask for a polymerase chain reaction

(PCR) analysis as quickly as possible.

If PCR is not available or until PCR results are obtained, the infection can be

confirmed by antibody assay; all patients with a positive PCR sample are

recommended to be treated with aciclovir. The patient should be treated

empirically until the test confirms the diagnosis.

If the PCR sample is negative, but the physician feels that clinically the patient has

encephalitis (possibly if the sample was not taken early enough after the onset of

infection), empirical treatment should be continued.

CSF can be taken 1 week after the initiation of aciclovir therapy as 80–85% of

patients still have a CSF sample that is HSV-positive.

If the PCR is negative, the CSF sampling should be repeated. If it is negative, twice

and if there is an alternative diagnosis, aciclovir treatment can be stopped; if there

is not an alternative diagnosis, repeat the CSF sampling and consider other

diagnoses.

Diagnosis of Varicella Zoster Virus Infection
If an otherwise healthy child presents with classic varicella, is there ever any

indication for taking a swab for analysis? Swabs are appropriate only if the child has

been vaccinated; they have a history of having had varicella zoster virus (VZV) or if

the presentation is atypical. In these cases the test of choice is immunofluorescence as

the  virus grows slowly in culture. However, in patients with a history of vaccination,

culture is important to establish whether lesions are due to a reactivation of the

vaccine virus, or if it is a wild type infection. Serology is less useful in patients with a

history of VZV infection.

If an immunocompromised patient presents with widespread vesicular lesions which

the clinician believes are due to VZV infection, the diagnosis should be confirmed. In

these patients, cases may present which appear to be typical varicella, but which may

be a result of drug reactions.

Lesion culture may assist in diagnosis of atypical presentations of herpes zoster or

disseminated lesions in the elderly immunocompetent patient. 

Diagnosis of Ocular HSV Infections
It is recommended that a patient who presents with suspected ocular HSV should have
diagnosis confirmed by a swab although it can be difficult to culture virus. Who should
take the swab depends on the way in which health-care is organized in that country and
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other factors such as the availability of laboratory facilities. Taking a culture should be the
first step in referral to an ophthalmologist.

Diagnosis of Orolabial HSV Infections
For labial HSV infections and primary gingivostomatitis, the diagnosis can usually be

made by inspection. However, it can be a morbid infection in small children, who

may become dehydrated and unable to eat. 

With gingivostomatitis in children, the differential diagnosis includes Coxsackie virus

infection. However, the most important issue relating to collection of a culture from a

child with vesicular lesions of the oral cavity is whether it will impact on, or lead to,

treatment. A swab may be particularly helpful in atypical or difficult cases of

gingivostomatitis.

For pharyngitis, which paediatricians and medical practitioners dealing with adolescents

see frequently, herpes is rarely considered as a diagnosis. However, pharyngitis may be

caused by herpesvirus infection and, in certain populations, is frequently caused by it.

The only way to establish this diagnosis is by culture, rather than by history. The

symptoms associated with herpes pharyngitis can last weeks and should be treated.

Classic cases of orolabial HSV should be swabbed for culture only in immuno-

compromised patients. However, as aciclovir cream is now available over the counter

(OTC) in some countries, there might also be value to know that infection is due to HSV,

before the patient uses OTC medications. It is better clinical practice to help guide long-

term self-medication. 

Cultures should be obtained from those who have atypical or problematic recurrent

orolabial lesions, and where the diagnosis is uncertain.

A clear indication for a diagnostic test is where it can demonstrate to both the

physician and the patient that infection is due to HSV, rather than VZV or other

infections, at sites other than the genitals, eye or oral cavity. 

The Use of Diagnostic Tests and Serodiagnosis for
Genital HSV Infections in Primary Health-Care
Settings
Under-diagnosis of genital HSV infection is a problem. Serological studies show that the

infection is common, but questionnaire studies of primary health-care physicians suggest

that they never see it – they rarely make the diagnosis or recognize the disease. 

On first clinical presentation in primary health-care settings, approximately 50% of

patients with HSV infection appear to be misdiagnosed with Candida or other causes

of vulvitis. In a study of patients in Sheffield, UK, about 30% had made three visits to

their primary health-care physician before the diagnosis of HSV was made, and, in

some cases, before this diagnosis was actually considered by their physician. 

Under-diagnosis and misdiagnosis of genital HSV infection may result from physicians’

perceptions and appreciation of the clinical spectrum of genital herpes, and their own
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expertise and comfort in ordering and interpreting the tests. Often, when physicians are

trained, they are shown typical lesions of genital herpes (Figure 1a), and to look for

blisters and ulcers but atypical presentations are common (Figure 1b). 

Figure 1: Typical (a) and atypical (b) presentations of genital HSV infection

Infection with HSV is very much more common than recognized disease. Of infected

individuals, up to 80% will either have no symptoms or have unrecognized disease.

However, clinically apparent disease can be managed.

What level of expertise is it reasonable to expect primary health-care physicians to

have? What are the practical benefits for patient care from adopting diagnostic

guidelines? More cases will be diagnosed, but will this lead to any real developments

and advantages in patient care? What about the resource implications? 

Practitioners should have simple protocol and guidelines that can applied. Swabs

need to be easy to take and to transport to a laboratory. Primary care physicians think

that they do not see very many cases of genital HSV infection and therefore test kits

need to have a long shelf-life. For serological tests, the physician should ideally have

to take a single sample, the same test should be applicable for different disease stages,

it should give a reliable result, and not be prohibitively expensive.

One way to approach the diagnosis of HSV infections would be to provide general

practitioners with a kit containing a single swab and a single blood bottle, with

instructions that if the patient presents with a lesion, it should be swabbed. If the

physician suspects HSV infection, but there are no lesions present, they should take a

blood sample. These samples should be sent to a laboratory and appropriate analysis

based on the samples and what the physician has seen clinically. Results should be

sent back or further samples requested. Protocols advising laboratories how to manage

these requests would be necessary, as well as guidelines for the interpretation of

results. More primary health-care physicians should be encouraged to consider a

diagnosis of HSV infection and be prepared to take the tests in the first place. 

Physicians should be encouraged to integrate tests into existing management

protocols. An existing example of this strategy is the management of jaundice in

primary care, physicians are not expected to be aware of the current spectrum of viral

causes but instead they fill in clinical details, and send blood and stool samples to the

laboratory, where the appropriate tests are performed. In contrast, if the physician sees

a patient with vulvitis, they have to ask for each individual organism they want

culturing and send the appropriate swab, so it is not surprising that they send a

Candida swab and only ask for that. 
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What are the Advantages of Improving Diagnosis?
Genital HSV infection could be managed with fewer visits to the primary care physician.

The diagnosis of herpes could be normalized, so that it becomes a disease which no

longer requires a visit to a STD clinical for the full range of tests, counselling and long-

term follow-up. If primary care physicians acquire the habit of diagnosing the disease,

their skills in this field will improve.

The economic impact of increased testing and diagnosis has to be considered.

Diagnostic tests have a cost, and counselling will require increased health-care provider

time. There will also be a cost consequence of increased antiviral usage and, if there is

poor management, more time will need to be spent in patient management.

From a broader public health standpoint, genital ulcerative disease is associated with

increased risk for HIV acquisition. Therefore, for high-risk individuals with multiple

sexual partners, knowing that they are seropositive for HSV type 2 (HSV-2) and may

have unrecognized recurrent lesions, could be of value in the prevention of

acquisition of HIV, particularly if they have unprotected sex.

The importance of serological screening of pregnant women for HSV, to prevent neonatal

herpes may depend on its incidences in a particular country. For example, routine

screening of pregnant women in countries where the incidence is low, such as the UK,

may not be practical, whilst in other areas of high incidence, such as parts of the USA,

routine screening may be valuable.

Before wider serological testing can be advocated, a number of questions should be

considered. Serological tests represent a service expansion in many countries and for

many physicians, and will have to be justified. Unanswered questions include what are

the benefits for patient care, and how should serological tests be best applied? Tests

will help to characterize the infection, and provide patients with prognostic information

on likely recurrence frequency and the risks of transmission. Whether this will affect

transmission is as yet unclear. The benefit of serodiagnosis is likely to vary among

individuals depending on their social situation.

Another issue is HSV type 1 (HSV-1) – how should it be managed in areas of high

incidence such as Japan and parts of Europe? Situations where serological screening

will not be useful include areas where there is a high prevalence of HSV-1 genital

infection. If serology is used to confirm a diagnosis of genital herpes in a culture-

negative person, there is a possibility that they will be HSV-1 seropositive and HSV-2

seronegative, so the test will not be able to confirm that genital lesions were due to

HSV.

There is a strong argument for positive virological diagnosis of a patient with lesions,

using swabs and culture. However, in the situation where a patient who once had

some symptoms of genital HSV infection, which were not confirmed by culture, but

who later has positive HSV-2 serology, there is a danger that an assumption will be

made that their blisters were due to HSV infection, rather than considering all possible

diagnoses.
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Serological testing may also be useful in the patient who has chronic recurrent

genitourinary symptoms for which there is no apparent aetiology, and also where

there is a concern about transmission in discordant couples.

Vaccines
A vaccine for HSV offers great potential for the individual and in public health terms.

Given the lack of success in producing an effective HSV vaccine, it is recommended that

pharmaceutical companies establish a working consortium to develop new vaccines. It

should pool expertise and resources to reduce the commercial risks to individual

companies that are associated with developing a vaccine.

There is a need to explore further the immune response to HSV to identify new

approaches and targets.

A number of early HSV vaccines have been developed. However, the trials were not

rigorous and many of these vaccines cannot be considered to be effective or to offer

any likelihood of benefit. New technology and understanding of the molecular

biology of HSV suggest a number of encouraging approaches. Several candidate

vaccines are currently undergoing clinical trials. However, there is, as yet, no proven

effective immunotherapeutic or immunoprophylactic vaccine,

A large number of subunit vaccines have been developed. The one that is furthest

along in development consists of gD2-QS-21 plus an MPL-alum adjuvant. Clinical

trials have shown it to be immunogenic and well-tolerated in Phase I/II trials. Larger

Phase II/III trials in discordant couples have been undertaken.
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