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Abstract

Herpes simplex virus (HSV) is common throughout the world and is a target for vaccine development. Transcutaneous immunisation is a
novel technique that uses the application of vaccine antigens in solution on the skin in the presence of cholera toxin (CT) as an adjuvant.
This study investigated the potential of transcutaneous immunisation in C3H mice, using CT co-administered with whole inactivated HSV-1
(CT+HSVi) or HSV-1 antigens extracted from infected Vero cells (CT+HSVag) or a control protein (CT+BSA). The application of any of
the three vaccines on to bare mouse skin resulted in the migration of Langerhans cells from the epidermis and in the production of serum
antibodies to CT. Both HSV preparations generated serum and mucosal (faecal) antibodies to HSV, with the CT+HSVi vaccine being a
more potent stimulator of humoral immunity. The CT+HSVag vaccine, however, was the more potent stimulator of cell-mediated
immunity, giving rise to a strong delayed type hypersensitivity response and lymphocyte proliferation in vitro. When the mice were
challenged by epidermal inoculation of HSV, the CT+HSVag vaccine induced a higher level of protection than the CT+HSVi vaccine, a
result which may indicate that the efficacy of HSV vaccines depends on stimulation of cell-mediated rather than humoral responses. The
success of topical vaccination suggests that the transcutaneous route may offer a promising potential for novel vaccine delivery which merits
further investigation. ß 2000 Federation of European Microbiological Societies. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Herpes simplex virus (HSV) infects a large proportion
of the human population: the oral and genital mucosa are
the sites most commonly targeted by type 1 and 2, respec-
tively. Both HSV types can cause serious complications in
a signi¢cant number of cases, such as oedema, localised
lymphadenopathy, corneal in£ammation and life threaten-
ing encephalitis [1,2]. Following a primary infection, the
virus becomes latent in the cell bodies of peripheral nerves
innervating the site of inoculation. Subsequent reactiva-
tion may be triggered by stimuli such as stress, UV light
or immunosuppression and may result in recrudescent ep-
isodes.

Host genetic background, macrophages, natural killer
cells, speci¢c T-cell populations, virus-speci¢c antibodies
and lymphokine responses have been implicated as impor-
tant host defences against HSV infections. In the mouse,
delayed type hypersensitivity (DTH) responses can be
identi¢ed within a few days after disease onset, followed
by a cytotoxic T-lymphocyte response and by the appear-
ance of both IgM and IgG speci¢c antibodies. Host re-
sponses in humans tend to be more delayed, developing
around 7^10 days post-infection.

A successful HSV vaccine needs to be capable of either
preventing the primary infection, or preventing recrudes-
cent episodes and virus shedding (when administered to
subjects who already harbour latent virus). The induction
of a broad and durable `e¡ective immunity' at all points of
entry, e.g. the genital tract, nasal and oro-pharyngeal mu-
cosa, and the eye would be desirable. Animal studies in-
dicate that whilst prophylactic vaccines cannot stimulate
e¡ective immunity at the mucosal surface, they can pre-
vent disease and signi¢cantly reduce the magnitude of the
latent infection and frequency of recurrent disease [3]. Us-
ing a murine model that mimics genital herpes in humans,
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investigators demonstrated that administration of HSV
glycoproteins into the footpad, with potent adjuvants,
could reduce recurrent HSV disease [4].

Transcutaneous immunisation, the introduction of anti-
gens by topical application to intact skin, without physical
penetration by needles, is a novel method of vaccination
which has recently been shown to induce mucosal immun-
ity and systemic protection against bacterial toxins. When
cholera toxin (CT) was applied to the skin of mice, an
immune response was stimulated to co-administered anti-
gens, such as tetanus or diphtheria toxoids [5]. The CT
acted as a mucosal adjuvant without systemic toxicity.
Protective immunity to toxin-mediated mucosal disease
was induced transcutaneously [6] and more recent work
detected IgA antibodies to CT and co-administered anti-
gens in the stools and lung washes of immunised mice [7].
Since transcutaneous immunisation induced both systemic
and mucosal antibodies to the co-administered antigens,
this approach may be bene¢cial for diseases stemming
from mucosal pathogens.

The present study was conducted in order to determine
whether mice could be transcutaneously immunised with
CT and HSV antigens with the aim of identifying any
mucosal and systemic humoral immune responses. DTH
and in vitro lymphoproliferation assays were carried out
to determine whether T-cell responses were stimulated,
and mice were challenged epidermally with live HSV to
ascertain whether transcutaneous immunisation o¡ered
protective immunity.

2. Materials and methods

2.1. Mice

C3H/HeN mice of both sexes, 7^16 weeks old, were
used in this study and were kept as previously described
[8]. The mice were housed in a licenced facility and all
procedures were approved by the Home O¤ce.

2.2. Virus

A plaque-puri¢ed strain of HSV-1, isolated from a clin-
ical case and passaged four times in Vero cells at a multi-
plicity of infection of 0.2, was used throughout [9]. The
virus was cultured and titrated as plaque forming units
(PFU) on monolayers of Vero cells as previously described
[10]. Inactivated HSV was prepared by UV irradiating a
virus stock with 12 000 J m32 UV-B. A glycine extract of
HSV-1 antigens was prepared as previously outlined [11].
Brie£y, monolayers of Vero cells were infected with HSV-1
at a multiplicity of 3 PFU per cell and incubated at 37³C
for 24 h. The cells were harvested using a cell scraper,
washed three times with phosphate-bu¡ered saline (PBS)
and resuspended in bu¡er prepared from ¢ve parts 0.1 M
aqueous solution of glycine and three parts 0.1 M aqueous

sodium hydroxide. The cells were disrupted by exposure to
three freeze-thaw cycles and ultrasonicated for 1 min, then
vigorously agitated. The total protein content was estab-
lished using a Sigma (Poole, UK) protein estimation kit.

2.3. The three vaccines

CT+BSA: 185 Wg ml31 CT (Sigma, UK) and 500 Wg
ml31 bovine serum albumin (BSA) (Sigma, UK) made
up in PBS.

CT+HSVi: 185 Wg ml31 CT (Sigma, UK) and 1.5U107

PFU ml31 of UV-B inactivated HSV-1 in PBS.
CT+HSVag: 185 Wg ml31 CT (Sigma, UK) and 500 Wg

ml31 protein of HSV-1 glycine antigen extract in PBS.
Each vaccine was given to groups of mice on three oc-

casions (days 0, 14 and 35). On each occasion, the mice
were anaesthetised using 100 Wl intraperitoneal Hypnorm
(Janssen, UK) to prevent them from licking the vaccinated
area. A 100-Wl volume of each vaccine was applied to the
shaved back skin and 2 h was allowed for absorption. The
backs of the mice were washed with warm tap-water to
remove excess vaccine and patted dry with tissues. Sepa-
rate groups of mice were used in the di¡erent experiments.

The schedule for collecting samples was as follows: 10
days after the third vaccination, the sera from three mice
per group were pooled and stored at 320³C until used.
Faecal samples were collected on days 32 and 42 and
pooled. The DTH assay was also performed 10 days after
the ¢nal vaccination on ¢ve mice per group. Di¡erent
groups of vaccinated mice were challenged epidermally
with HSV, again 10 days after the third vaccination. Seven
days after this challenge, three mice per group were killed
by cervical dislocation and the inguinal lymph nodes re-
moved for the lymphoproliferation assay.

2.4. Langerhans cells (LC) count

In order to investigate the e¡ect of the vaccination on
LC numbers in the epidermis, groups of mice were anaes-
thetised and vaccinated on a single occasion with 20 Wl of
the above preparations, on the dorsal side of each ear.
Two mice were allocated to each vaccine group and a
negative control group received 20 Wl PBS per ear.
Twenty-four hours later, the ears were collected and the
dorsal epidermis removed and stained for ATPase activity
as previously described [12]. The number of LC in 20 ¢elds
per sample was counted.

2.5. Collection of serum and faecal samples

Blood was collected by cardiac puncture under anaes-
thetic and allowed to clot. The serum was separated by
centrifugation at 2000Ug for 10 min and stored at 320³C
until used in the enzyme-linked immunosorbent assay
(ELISA). Faecal pellets were collected from each group
of vaccinated mice on two separate occasions, on days

FEMSIM 1267 7-12-00

A.A. El-Ghorr et al. / FEMS Immunology and Medical Microbiology 29 (2000) 255^261256



32 and 42. The samples were stored at 380³C until used.
Throughout the remainder of the procedure, all reagents
were kept on ice. A volume of 1 ml proteinase inhibitor
solution (2 mg ml31 trypsin inhibitor from soybean (Sig-
ma, UK) and 0.1 M ethylenediamine^tetraacetic acid in
PBS containing 0.1% Tween 20) was added to 0.5 g of
faeces [13]. The mixture was vortexed for 30^60 s and
centrifuged at 850Ug for 10 min. The supernate was re-
moved and phenylmethanesulfonyl £uoride (PMSF) (0.1
M in 100% ethanol) (Sigma, UK) was added to a ¢nal
concentration of 1%, followed by mixing and centrifuga-
tion at 10 000Ug for 10 min. The supernate was again
kept and PMSF was added to a ¢nal concentration of
2%, and sodium azide to a ¢nal concentration of 1%.
The sample was mixed well and left to stand for 15 min
on ice. Heat-inactivated foetal bovine serum was added to
a ¢nal concentration of 4%. The samples were then cen-
trifuged at 10 000Ug for 5 min. The supernatant was re-
moved and used in the ELISA.

2.6. ELISA

A HSV-speci¢c antibody ELISA was used as previously
described [14] with the following modi¢cations. HSV anti-
gen or uninfected Vero cells (negative control) antigen was
used to coat Immunoplates (Nunc, UK) at 2 Wg protein
per well. After an overnight incubation at 4³C, the pooled
sera from each vaccine group were diluted in PBS contain-
ing 0.1% Tween 20 (PBS/T) and 100 Wl was added to
duplicate wells. The plate was incubated at room temper-
ature for 3 h, washed three times with PBS/T and incu-
bated for a further 1 h with anti-mouse immunoglobulins
(a single preparation containing antibodies against IgA,
IgG and IgM) conjugated to alkaline phosphatase (Sigma,
UK, Product A-0162) diluted 1/1000 in pH 9.8 diethanol-
amine bu¡er. The plate was then washed three times and
p-nitrophenyl phosphate substrate (Sigma, UK) was
added. The reaction was stopped after 20 min by adding
50 Wl per well 3 M aqueous sodium hydroxide. The absor-
bance of the wells was then determined on a spectropho-
tometer at 405 nm. The absorbance obtained with the
Vero cells-coated plates was subtracted from the absor-
bance of the HSV-coated plates to give the HSV-speci¢c
data presented in Section 3. Positive and a negative con-
trol mouse sera were prepared as previously described [14].
The same ELISA procedure was used to detect the pres-
ence of faecal antibodies to HSV (presumed IgA). For the
measurement of CT antibody levels, 1 Wg per well of CT
was used to coat the immunoplates. The rest of the pro-
cedure was as described above.

2.7. DTH assay

Ten days after the ¢nal vaccination (day 45), ¢ve mice
per group were anaesthetised with halothane gas, and the
thickness of each ear was measured using a micrometer.

Each ear was injected with 10 Wl containing 3U105 PFU
of UV-B-inactivated HSV. Ear swelling was then mea-
sured 24 h later. The mean ear swelling per mouse was
calculated ¢rst, then the mean ear swelling for each group
of mice was determined as previously described [15].

2.8. Lymphoproliferation assay

Individual cell suspensions were prepared by forcing the
lymph nodes through a cell strainer, washing the cells
twice and culturing in RPMI 1640 medium (Gibco, UK)
containing 10% foetal bovine serum, 100 IU ml31 penicil-
lin, 200 Wg ml31 streptomycin and 2 mM L-glutamine
(Sigma, UK). A concentration of 2U105 cells per well
was incubated in round-bottomed 96 well plates in the
presence of either 1 Wg per well concanavalin A (ConA),
5U104 PFU per well of inactivated HSV-1 or medium
alone [16]. Ten replicate wells were used for each sample.
The plates were incubated at 37³C in the presence of 5%
CO2 for 2 days (ConA) or 4 days (HSV) before being
radioactively pulsed for 24 h with 0.7 WCi [3H]thymidine
(Amersham, UK). Cells were harvested onto ¢lter paper
using an automatic cell harvester and the incorporated
radioactivity measured in a liquid scintillation counter
(Canberra Packard, Switzerland).

2.9. Challenge experiments

Ten days after the ¢nal vaccination (day 45), under
halothane gas anaesthetic, the backs of eight mice per
group were tape-stripped eight times and infected by ap-
plying 10 Wl of 5U104 PFU live HSV-1 and gently mas-
saging this liquid into the skin with a pipette tip. The size
of the lesions that formed on the backs of the mice was
then measured with a ruler in two dimensions, each day
for the next 10 days. This procedure has previously been
shown to mimic a natural epidermal HSV infection and
result in the formation of moderate vesicular lesions on
the infected skin [10].

2.10. Statistical analysis

The mean, range and the standard error of the mean are
presented in the ¢gures as appropriate. The Student's t-
test was used to calculate the statistical signi¢cance of
di¡erences between the data sets. A `P' value of less
than 0.05 was considered statistically signi¢cant.

3. Results

3.1. LC count

LC represent the major antigen presenting cells of the
epidermis and therefore, it was of interest to determine
whether vaccination by the transcutaneous route resulted
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in their migration from the skin. Epidermal sheets were
collected from the dorsal side of the ears of mice treated
24 h previously with either PBS, CT+BSA, CT+HSVi or
CT+HSVag. The epidermal sheets were stained for ATP-
ase which speci¢cally indicates LC. The mean number of
LC was around 400 LC mm32 in control mice. This was
reduced to around 250 LC mm32 in all the vaccine groups,
a statistically signi¢cant reduction (Fig. 1). It is likely
therefore that the LC had taken up the adjuvant and the
vaccine components, and migrated to draining lymph
nodes to initiate the immune response.

3.2. Serum and faecal antibody levels

Sera collected 10 days after the ¢nal vaccination were
tested by ELISA for antibody to HSV. The CT+HSVi
vaccine group generated the highest level of serum anti-
HSV antibodies (Fig. 2a). The CT+HSVag vaccine group
produced a small amount of antibody to HSV while the
CT+BSA control vaccine group produced none. A hyper-
immune positive control mouse serum was also tested at a
dilution of 1/100 and this gave an absorbance of 1.105 U
while a negative control serum gave an absorbance of
0.007.

All three vaccines resulted in equal and high serum anti-
body levels against CT, indicating that the CT was anti-
genic and that no adverse interaction between the vaccine
components took place (absorbance around 0.650 in all
cases at a dilution of 1/40).

Faecal samples were collected from the mice on day 32,
a few days before the third vaccination. Mucosal antibody
to HSV was detected in the CT+HSVi and CT+HSVag
vaccine groups (Fig. 2b). A small amount of background
colour was observed in the CT+BSA group, at 1/5 dilu-
tion, which was probably due to the complex contents of

the faecal extract. Mucosal antibody and serum antibody
to HSV followed the same pattern in that the CT+HSVi
group of mice produced higher levels of both types of
antibody than the CT+HSVag vaccine group. The same
pattern of results was obtained with faecal samples taken
on day 42, 1 week after the third vaccination (data not
shown).

3.3. DTH assay

A DTH response is a measure of T helper 1 (TH1) cell-
mediated immunity [17], and the extent of ear swelling is
proportional to the strength of the immune response. Ten
days after the third vaccination, a DTH assay to HSV-1
was performed. The mice which were vaccinated with
CT+BSA produced an ear swelling response of around
3 U (Fig. 3). This is considered a negative response, due toFig. 1. The mean number of LC per mm2 of ear epidermis 24 h follow-

ing transcutaneous vaccination with PBS, CT+BSA, CT+HSVi or
CT+HSVag. Twenty ¢elds were counted from four ears for each sam-
ple. Bars represent the standard error of the mean and `*' indicates a
P6 0.05 in comparison with the PBS control using the Student's t-test.

Fig. 2. The ELISA results for serum and faecal antibodies to HSV.
Three mice per group were immunised with each vaccine on days 0, 14
and 35. Faecal pellets were collected on day 32 and serum was collected
on day 45. The speci¢c mean absorbance of duplicate wells, as a mea-
sure of serum antibodies to HSV, is represented in (a) and of faecal
antibodies in (b). Solid squares represent the mice vaccinated with
CT+HSVi, solid triangles CT+HSVag and solid circles CT+BSA. The
error bars represent the range.
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the intrapinnal injection procedure itself. The CT+HSVi
group produced a response of 7 U, indicating that a DTH
cell-mediated immune response to HSV was generated by
this vaccination protocol, which used whole inactivated
virions. An even stronger cell-mediated immune response
was generated by the CT+HSVag vaccine, which utilised a
glycine extract of HSV proteins (Fig. 3). Both HSV vac-
cines induced a statistically signi¢cant DTH response to
HSV, demonstrating that a TH1 response was generated
by both HSV vaccines. The same result was obtained
when this experiment was repeated on a separate occasion.

3.4. Lymphoproliferative response

Seventeen days after the third vaccination, and 7 days
post-HSV challenge, lymph node cells from vaccinated
animals were cultured in vitro in the presence of ConA
or HSV. All cells proliferated to give a response of around
90 000 cpm with ConA, indicating that healthy popula-
tions of lymphocytes were isolated in all cases (Fig. 4a).
A proliferative response to HSV of just over 1000 cpm was
detected only in the CT+HSVag group (Fig. 4b). The oth-
er groups showed no proliferation above the background.
This HSV-speci¢c proliferative response was low but was
of a similar magnitude to that previously obtained from
mice, 14 days after a secondary epidermal infection with
HSV-1 [16].

3.5. Epidermal challenge with live HSV

Ten days after the third vaccination, the three immu-
nised groups were infected on the epidermis of the back
with live HSV, and the subsequent development of her-

petic lesions was recorded. Lesions started to appear by
2 days post-infection and resolved over the next 8 days
(Fig. 5). Lesion size was consistently and signi¢cantly larg-
er on CT+BSA-immunised mice compared to lesions on
the backs of mice immunised with CT+HSVi or CT+
HSVag. Lesion size was smallest on CT+HSVag-immu-
nised mice, indicating that this vaccine provided superior
protective immunity from an epidermal challenge in com-
parison with the CT+HSVi vaccine. This result was con-
¢rmed when this experiment was repeated (data not shown).

4. Discussion

The ability of HSV to cause primary infection, followed

Fig. 3. The DTH response of vaccinated mice to HSV. Five mice per
group were immunised with CT+BSA, CT+HSVi or CT+HSVag on
days 0, 14 and 35. All mice were injected with 3U105 PFU of inacti-
vated HSV-1 per ear on day 45. The mean ear swelling response was
measured on day 46. Bars represent the standard error of the mean and
`*' indicates a P6 0.05 in comparison with the CT+BSA control.

Fig. 4. The speci¢c proliferative response of lymph node cells to 1 Wg
per well ConA (a) or 5U104 PFU per well HSV (b). Three mice per
group were immunised with CT+BSA, CT+HSVi or CT+HSVag on
days 0, 14 and 35. All mice were each infected epidermally with 5U104

PFU of HSV-1 on day 45. On day 52, the mice were killed and the in-
guinal lymph nodes removed. The mean speci¢c response of 10 replicate
wells is shown after subtracting the appropriate background prolifera-
tion of pulsed cells in the presence of medium alone.
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by latency and recurrent infections throughout an individ-
ual's lifetime, makes this virus an important target for
vaccine development, particularly for immunocompro-
mised subjects. Whilst intense research has revealed poten-
tial experimental vaccines, there is no e¡ective HSV vac-
cine currently available. Past vaccines against HSV have
all been administered systemically, and it is possible that
they failed to prevent infection because of inadequate mu-
cosal immunity [18] which is di¤cult to elicit [19].

In the study presented here, mice were vaccinated on
three occasions with either CT+BSA, CT+HSVi or
CT+HSVag in order to investigate the potential bene¢t
of transcutaneous immunisation in raising mucosal and
serum antibody responses as well as cell-mediated immune
responses and protection against viral challenge. Initial
experiments showed that the application of all three vac-
cines on mouse skin resulted in the migration of LC from
the epidermis. This is an essential ¢rst step in the priming
of the immune response where transport of antigens to
draining lymph nodes occurs, followed by processing
and presentation to T-lymphocytes in the paracortical
area. Antigen presentation was indicated by the detection
of serum antibody to CT in all cases and serum antibody
to HSV-1 in mice vaccinated with CT+HSVi. The latter
vaccine also induced the secretion of mucosal antibody in
faeces. It is likely that the faecal antibody comprises
mainly IgA. The CT+HSVag mice produced a lower
amount of serum and mucosal antibody to HSV-1. The

CT+HSVi vaccine was therefore considered more potent
than the CT+HSVag vaccine at generating a humoral im-
mune response. Whilst stimulation of an antibody re-
sponse to an antigen may confer some protective immun-
ity in many cases, studies have revealed that antibody
plays little role in protection against HSV infection [20].
It has been noted that some human infants born to HSV-
infected mothers su¡ering recurrent disease were protected
from infection during birth by their maternal antibody,
although not in all cases [21]. One study showed that, in
spite of robust vaginal antibody responses at the time of
challenge, these were often insu¤cient to preclude viral
invasion even by a modest dose of virus [18]. These results
appear to indicate that antibody, at least against gB or
gD, the currently favoured candidates for subunit vac-
cines, fails to prevent virus infection. Our data agree
with these ¢ndings although it should be noted that anti-
body plays a role in preventing the spread of the virus to
the nervous system and occasionally in protecting against
lethal infections [22^25].

When cell-mediated immunity was investigated, the e¤-
cacy of the two HSV vaccines was reversed. For example,
the CT+HSVag vaccine induced a stronger DTH response
to HSV-1 than CT+HSVi. It is known that CD4� TH1
cells are responsible for generating DTH responses [17],
therefore the CT+HSVag-immunised mice showed a
more vigorous TH1 response and a stronger cell-mediated
immunity than the CT+HSVi group. Further con¢rmation
of this was obtained with the lymphoproliferation assay
which veri¢ed the presence of lymphocytes capable of rec-
ognising HSV-1 in vitro, though this was only detected in
the CT+HSVag group and was a relatively weak response.
Our previous experiments indicate that this level of re-
sponse is equivalent to the proliferation obtained from
mice which were immunised with 3U106 PFU per mouse
of inactivated HSV-1, 6 days prior to epidermal challenge
and the lymph node cells collected 14 days after this sec-
ondary challenge [16].

To test the e¤cacy of the vaccines at protecting against
virus infection, the mice were challenged with live HSV-1.
An epidermal challenge was chosen in order to mimic the
natural route of infection and this leads to the develop-
ment of lesions on the back which are similar to herpetic
lesions in human subjects [10]. Both HSV vaccines o¡ered
signi¢cant protection over the negative control vaccine.
The CT+HSVag vaccine induced a higher level of protec-
tion than the CT+HSVi vaccine against a primary HSV-1
infection. This corresponds with the pattern observed for
the generation of cell-mediated immunity but not humoral
immunity and indicates that cell-mediated responses are
primarily responsible for resistance against re-infection.
Manickan et al. [26] have shown that immunisation with
dendritic cells transfected with HSV DNA leads to signi¢-
cant enhancement in protective immunity which has been
attributed to enhanced HSV-speci¢c CD4� TH1 responses.
It is not known however, if either of the transcutaneous

Fig. 5. The size of herpetic HSV-1 lesions on the backs of vaccinated
mice. Seven mice per group were immunised with CT+BSA (circles),
CT+HSVi (squares) or CT+HSVag (triangles) on days 0, 14 and 35. All
mice were then infected epidermally with 5U104 PFU of HSV-1 per
mouse on day 45. The mean lesion area per mouse and the standard er-
ror of the mean are shown. The lesion size was signi¢cantly lower in
the mice vaccinated with CT+HSVag on days 2, 3 and 4 post-infection
(P6 0.05) when compared with the CT+BSA group. The CT+HSVi
group also presented a less severe infection in comparison with the con-
trol CT+BSA group but this was statistically signi¢cant only on day 3
post-infection.
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vaccines will prevent the emergence of HSV from latency.
The di¤culty of determining this lies in the lack of a
suitable model system in mice.

It is interesting to note that the composition of the
vaccine directed the outcome of the immune response.
The CT+HSVi vaccine, which contained whole inactivated
virions, tended to generate a stronger humoral response
while the glycine-extracted HSV vaccine generated a stron-
ger cell-mediated immune response and o¡ered better pro-
tection from live virus challenge. It is likely that whole
inactivated virions are taken up and processed by the
LC via a di¡erent mechanism from the extracted protein
antigens. The results shown here suggest that extracted
antigens mimic the virus infection more closely than whole
inactivated virus.

Whilst the role of CT as a powerful adjuvant was con-
¢rmed, the mechanism of its e¡ect on the immune system
is still not fully understood [27]. The reduction in LC
numbers in the epidermis following transcutaneous vacci-
nation indicates the involvement of these potent antigen
presenting cells in initiating the systemic immune response,
even in the mucosa. The mechanism of immune stimula-
tion merits further investigation.

The CT+HSVag vaccine o¡ers some potential for the
production of a novel HSV vaccine which will not require
the use of needles or other complex/expensive delivery sys-
tems. This would decrease the risk of needle-born diseases,
eliminate the need for trained personnel and sterile equip-
ment and improve vaccine compliance in the developing
world. The prospect of using a patch, applied to the skin,
to deliver a vaccine deserves further scrutiny, particularly
as cell-mediated, mucosal and protective immunity can be
stimulated by this technique.

References

[1] Nesburn, A.B., Slanina, S., Burke, R.L., Ghiasi, H., Bahri, S. and
Wechsler, S.L. (1998) Local periocular vaccination protects against
eye disease more e¡ectively than systemic vaccination following pri-
mary ocular herpes simplex virus infection in rabbits. J. Virol. 72,
7715^7721.

[2] Whitley, R.J., Kimberlin, D.W. and Roizman, B. (1998) Herpes sim-
plex viruses. Clin. Infect. Dis. 26, 541^553.

[3] Stanberry, L.R (1991) Evaluation of herpes simplex virus vaccine in
animals: the guinea pig vaginal model. Rev. Infect. Dis. 11, S920^
S923.

[4] Stanberry, L.R., Burke, R.L. and Myers, M.G. (1988) Herpes sim-
plex virus glycoprotein treatment of recurrent genital herpes. J. In-
fect. Dis. 157, 156^163.

[5] Glenn, G.M., Rao, M., Matyas, G.R. and Alving, C.R. (1998) Skin
immunization made possible by cholera toxin. Nature 391, 851.

[6] Glenn, G.M., Scharton-Kersten, T., Vassell, R., Mallett, C.P., Hale,
T.L. and Alving, C.R. (1998) Transcutaneous immunization with
cholera toxin protects mice against lethal mucosal toxin challenge.
J. Immunol. 161, 3211^3214.

[7] Glenn, G.M., Scharton-Kersten, T., Vassell, R., Matyas, G.R. and
Alving, C.R. (1999) Transcutaneous immunization with bacterial
ADP-ribosylating exotoxins as antigens and adjuvants. Infect. Im-
mun. 67, 1100^1106.

[8] El-Ghorr, A.A., Pierik, F. and Norval, M. (1994) Comparative po-
tency of di¡erent UV sources in reducing the density and antigen-
presenting capacity of Langerhans cells in C3H mice. Photochem.
Photobiol. 60, 256^261.

[9] Howie, S., Norval, M. and Maingay, J. (1986) Exposure to low dose
ultraviolet B light suppresses delayed hypersensitivity to herpes sim-
plex virus in mice. J. Invest. Dermatol. 86, 125^127.

[10] El-Ghorr, A.A. and Norval, M. (1996) The e¡ect of UV-B irradiation
on secondary epidermal infection of mice with herpes simplex virus
type 1. J. Gen. Virol. 77, 485^491.

[11] Vestey, J.P., Norval, M., Howie, S.E., Maingay, J.P. and Neill, W.
(1990) Antigen presentation in patients with recrudescent orofacial
herpes simplex virus infections. Br. J. Dermatol. 122, 33^42.

[12] Chaker, M.B., Tharp, M.D. and Bergstresser, P.R. (1984) Rodent
epidermal Langerhans cells demonstrate greater histochemical specif-
icity for ADP than for ATP and AMP. J. Invest. Dermatol. 82, 496^
500.

[13] O'Mahony, S., Barton, J.R., Crichton, S. and Ferguson, A. (1990)
Appraisal of gut lavage in the study of intestinal humoral immunity.
Gut 31, 1341^1344.

[14] El-Ghorr, A.A., Horsburgh, G. and Norval, M. (1998) The e¡ect of
UV-B irradiation on antibody responses to herpes simplex virus type
1 infections of mice. Photodermatol. Photoimmunol. Photomed. 14,
17^25.

[15] Norval, M., Simpson, T.J., Bardshiri, E. and Howie, S.E.M. (1989)
Urocanic acid analogues and the suppression of delayed type hyper-
sensitivity response to herpes simplex virus. Photochem. Photobiol.
49, 633^639.

[16] El-Ghorr, A.A. and Norval, M. (1999) The e¡ect of UV-B irradiation
on the course of primary and secondary HSV-1 Infections in inter-
leukin-4 knockout mice. Arch. Dermatol. Res. 291, 459^465.

[17] Cher, D.J. and Mosmann, T.R. (1987) Two types of murine helper T
cell clone. II. Delayed-type hypersensitivity is mediated by TH1
clones. J. Immunol. 138, 3688^3694.

[18] Kuklin, N.A., Daheshia, M., Chun, S. and Rouse, B.T. (1998) Role
of mucosal immunity in herpes simplex virus infection. J. Immunol.
160, 5998^6003.

[19] Bernstein, D.I. and Stanberry, L.R. (1999) Herpes simplex virus vac-
cines. Vaccine 17, 1681^1689.

[20] Ghiasi, H., Wechsler, S.L., Cai, S., Nesburn, A.B. and Hofman, F.M.
(1998) The role of neutralising antibody and T-helper subtypes in
protection and pathogenesis of vaccinated mice following ocular
HSV-1 challenge. Immunology 95, 352^359.

[21] Brown, Z.A., Selke, S., Zeh, J., Kopelman, J., Maslow, A., Ashley,
R.L., Watts, D.H., Berry, S., Herd, M. and Corey, L. (1997) The
acquisition of herpes simplex virus during pregnancy. New Engl. J.
Med. 337, 509^515.

[22] Ghiasi, H., Pemg, G.C., Hofman, F.M., Cai, S., Nesburn, A.B. and
Wechsler, S.L. (1999) Speci¢c and non-speci¢c immune stimulation of
MHC-II-de¢cient mice results in chronic HSV-1 infection of the tri-
geminal ganglia following ocular challenge. Virology 258, 208^216.

[23] Walker, J. and Leib, D.A. (1998) Protection from primary infection
and establishment of latency by vaccination with a herpes simplex
virus type 1 recombinant de¢cient in the virion host shuto¡ (vhs)
function. Vaccine 16, 1^5.

[24] Simmons, A. and Nash, A.A. (1984) Zosteriform spread of herpes
simplex virus as a model of recrudescence and its use to investigate
the role of immune cells in prevention of recurrent disease. J. Virol.
52, 816^821.

[25] Simmons, A. and Nash, A.A. (1985) Role of antibody in primary and
recurrent herpes simplex virus infection. J. Virol. 53, 944^948.

[26] Manickan, E., Kanangat, S., Rouse, R.J., Yu, Z. and Rouse, B.T.
(1997) Enhancement of immune response to naked DNA vaccine by
immunization with transfected dendritic cells. J. Leuk. Biol. 61, 125^
132.

[27] Lycke, N. (1997) The mechanism of cholera toxin adjuvanticity. Res.
Immunol. 148, 504^520.

FEMSIM 1267 7-12-00

A.A. El-Ghorr et al. / FEMS Immunology and Medical Microbiology 29 (2000) 255^261 261


