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Mice immunized with equine herpesvirus type-1 (EHV-1) L-particles showed a significant increase
(p<0.05) in serum antibody titers. Upon a booster dose four weeks later, antibody titers increased sig-
nificantly. Interestingly, immunization via intravenous or intramuscular route induced significantly
higher (p<0.05) antibody titers. However, mice iummunized with UV-treated L-particles, virions or
immunization via intranasal route induced lower antibody titers. Upon challenge inoculation with wild-
type EHV-1, our data showed there was a poor correlation between antibody titers and protection
against virus replication. Therefore, the role of cell-mediated immunity towards protection was inves-
tigated. As predicted, the strongest cell-mediated immunity, as measured by delayed-hypersensitivity
test, was detected in mice immunized with live virus particles. The magnitude of cell-mediated immune
response correlated with the efficacy of L-particles as immunizing agent. The highest efficacy, as indi-
cated in mice immunized via intranasal route, was highly correlated with cell-mediated immunity. A
similar phenomenon was also demonstrated in mice immunized intranasally with UV-treated L-par-
ticles. However, the degree of protection was reduced when mice immunized intravenously or intra-
muscularly with UV-treated L-particles. In conclusion, protection conferred in these animals was
highly implicated by immune cells and the least by antibodies. The route of immunization and the
nature of the antigen also contributed to the efficacy of L-particles as immunizing agent. In contrast
to that of herpes simplex virus type 1, our data showed EHV-1 non-infectious L-particles are highly

suitable for immunization of the host against EHV-1 disease.
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Equine herpesvirus type 1 (EHV-1), a common pathogen in
horses, is responsible for respiratory disease, abortion and
central nervous system (CNS) disorders (Allen and Bryan,
1986). It is a member of the alphaherpesvirus subfamily
(Allen and Bryan, 1986; Roizman et al., 1992; Telford et
al., 1992). The immunity produced in horses from natural
infection is short-lived and animals suffered from repeated
attacks of the infection (Allen and Bryan, 1986). Several
vaccines are available but not proven to be completely
protective (Burrows et al., 1984; Burki et al, 1990).
Cells infected by herpesviruses release not only virions
but also non-infectious virion-related particles termed L-
particles. Herpesviruses that produce L-particles include
herpes simplex virus type 1 (HSV-1), cytomegalovirus
(CMV), pseudorabies virus (PrV), and equine herpesvirus
type-1 (EHV-1) (Irmiere and Gibson, 1983; Szilagyi and
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Cunningham, 1991; McLauchlan and Rixon, 1992). L-par-
ticles comprise a tegument surrounded by an envelope,
but lack the internal capsid and DNA. It was suggested
that the process of L-particle component assembly is sim-
ilar to that involved in normal virion maturation (Rixon et
al., 1992).

Some proteins are present only in L-particles (e.g.
Vmw175 which is an IE-3 protein of HSV-1), and are not
normally present in virions (McLauchlan and Rixon,
1992). Among the proteins contained in L-particles are all
the necessary proteins for the initiation of virus replication
e.g., for HSV-1, Vmw175 and o-TIF, although these two
proteins appeared not to be the components of EHV-1 L-
particles (Rixon et al., 1992). Since L-particles possess
envelope proteins, which resemble those of virions, L-par-
ticles would be expected to have properties similar to vir-
ions regarding the induction of immune responses (Paap-
Vid and Derbyshire, 1978; Paap-Vid and Derbyshire, 1979).
If non-infectious L-particles could be produced under
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conditions to exclude the presence of infectious virions,
such material has been suggested to have potential for a
vaccine preparation. In the present study, EHV-1 L-par-
ticles were used to immunize mice via different routes of
inoculation. The protection was tested by antibody pro-
duction delayed-type hypersensitivity (DTH) responses
and virus replication following the challenge of mice with
live EHV-1.

Materials and Methods

EHV-1 L-particles and virions

Sucrose gradient purified L-particles and virions prepara-
tion of EHV-1 strain AB4p (AB4 plaque purified virus)
were prepared as described previously (McLauchlan and
Rixon, 1992). The pathogenicity of the parental strain of
AB4 (AB4p) has been described previously (Gibson et
al., 1992). UV-treated L-particles and virions were pre-
pared by means of UV-light irradiation (254 nm wave-
length) at a dose 6x40,000 uJ/cm?.

EHV-1 antigens for ELISA

EHV-1 strain AB4 was grown in Vero cells and purified
by potassium tartrate gradient (20-60%) centrifugation at
24,000 rpm (SW40Ti, Beckman USA) for two hours. The
purified antigen was re-suspended in PBS. The concen-
tration of viral antigen was determined by means of stan-
dard BioRad protein assay and optimised for ELISA.

ELISA

An indirect ELISA technique was developed based on
well-established principles and protocols of Bidwell ef al.
(1976), Voller et al. (1980), Clark and Barbara (1987) and
Azmi (1995) with some modifications. The test was car-
ried out with a working volume of 50 ul of each reagent.
The antigen was diluted in bicarbonate buffer to give a
concentration of 10 pug per ml antigen protein. Each well
of a 96-well plate (Dynateh. Immulon, USA) was coated
with 50 pl of the antigen solution, and incubated at 4°C
overnight. The plate was then washed three times with
phosphate-buffered saline Tween 20 (PBST) using an
automated microplate washer (Dynatech. MR 7000, USA).
To block non-specific binding, 50 pul of 2% BSA- Frac-
tion V (Sigma, UK) was added and the plate incubated at
45°C for two hours. The plate was washed three times as
above. For the detection of serum antibodies, two-fold (or
ten-fold) serial dilutions of test sera were added and the
plate was incubated at 37°C for one hour. The plate was
then washed three times. Fifty ul of pre-diluted goat anti-
mouse peroxidase conjugated immunogolobulin (Sigma,
UK) was added and allowed to react with antigen bound-
mouse antibodies, by incubating the plate again at 37°C
for one hour. Again the plate was washed three times. The
2,2-Azino-bis (3-ethylbenzthioline-6-sulfonic acid) (ABTS)
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substrate (Sigma, UK) diluted in citrate-phosphate buffer
(CPB) and supplemented with 0.01% of 30% H,O, was
added and the plate incubated for 30-40 minutes at room
temperature. Upon completion of the reaction, the plate
was read immediately in a spectrophotometer (Dynatech.
MR 7000, USA) at dual wavelength mode at absorbance
410-490 nm. Hyperimmune and pre-immune sera were
included in the plate as positive and negative controls
respectively.

Determination of ELISA Cut-off point

The end-point titration or cut-off point was determined by
plotting ELISA data obtained, serum dilution against opti-
cal density (O.D.), based on two-fold or ten-fold serial
dilutions of the individual test serum. This enabled the
value of log, dilution to be read from the curve, which
corresponded to an optical density value of the mean of
eight wells of preimmune sera plus three standard devi-
ations. On the basis of the optical density value for an
antigen with negative sera, the arbitrary optical density
limit of 0.15 (mean +s.d.; mean =0.095; s.d.=0.017) was
defined for negative sera diluted at 1: 100. Values above
this were considered to be positive with 99.97% proba-
bility (Meulemans and Halen, 1992).

Delayed-type hypersensitivity

DTH test as a mean for the measurement of cell-mediated
immune responses in mice was carried out by employing
the skin test as described by Nash ef al. (1980) and Azmi
and Field (1993). The purified virus was heat-inactivated
at 56°C for 30 min. The mice to be tested were lightly
anaesthetized with diethyl ether. Using a 50 pl-Hamilton
syringe fitted with a 27 gauge needle, 20 L of the antigen
(containing 10° pfu of heat-inactivated virus) was inocu-
lated into the left ear pinna of the immunized mice. A
similar quantity of an appropriate uninfected cell lysate
suspension was inoculated into the right ear pinna as con-
trol. Inoculations were carried out in triplicate. Ear skin
thickness was measured with the micrometer screw gauge
at 48 h after antigen inoculation. Results were expressed
as ear thickness increase (mmx 0.01). A control group of
mice mock-infected with cell-lysate suspension was
included in the experiment.

Virus isolation from tissues

Groups of four mice were killed at days 3 and 5 post-
inoculation (p.i.). Nasal turbinates and lungs were col-
lected individually in 1 ml ice-cold serum-free DMEM
medium containing 8% antibiotic-antimycotic solution
and 2% anti-PPLO agent in bijou bottles. The tissues
were minced thoroughly with scissors, homogenized with
an electric homogenizer (Thyristor Regler TR50, IKA-
WERK, Germany). The suspensions were subjected to
sonic vibration for 1-2 min in an ice-cold sonic water
bath. The suspensions were then transferred to an eppen-
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dorf tube and spun at 3,000 rpm for 10 min at 4°C in a
refrigerated centrifuge (Hettich, Germany) to remove the
cellular debris. The supernatants were kept at 70°C
before being titrated by means of plaque assays. In some
cases the whole undiluted supernatant was tested for the
virus.

Virus titration by plaque forming assay

A confluent monolayer of Vero cells was grown on 24-
well tissue culture plates (Tissue culture CLUSTER-Cos-
tar, USA). Ten-fold serial dilutions of the virus sample
were prepared in serum- free DMEM medium. One hun-
dred ul of each dilution was inoculated in duplicate onto
the confluent monolayers (two wells were inoculated with
DMEM medium only and acted as negative controls). The
virus was allowed to adsorb at 37°C for 45 min. Five hun-
dred ul of DMEM medium containing 2% FCS, 1.2%
CMC, 1% antibiotic-antimycotic and 1% anti-PPLO solu-
tions was added to each well, and the plate was incubated
at 37°C. The plate was periodically monitored over 48-72
hours p.i. After 3-4 days incubation, the overlay medium
was poured away and the monolayers were rinsed twice
with PBS. Following this, the cell monolayer was fixed
for 10 min with 70% methanol before being stained with
2.5% alcoholic crystal violet solution for 5-10 min. The
plate was rinsed gently in tap water until plaques were
clear for enumeration, dried at room temperature, and the
plaques counted using an inverted-light microscope (Olym-
pus CK2, Japan). The virus titer was calculated as the
mean number of plaques in the last dilution that showed
plague formation multiplied by the reciprocal of that dilu-
tion and expressed as log,, pfu per sample. The limit of
sensitivity was 10 pfu per sample.

Inoculation of mice

Several groups of 15 mice each were inoculated as shown
in Table 1. The mice were primarily inoculated 1.n. i.v. or
i.m. with uninactivated or UV-treated materials. The num-
ber of particles per inoculum was 10® for virions and and
10° for L-particles. The inoculation was carried out by i.v.

Table 1. Inoculation of mice with virions or L-particles of EHV-1
strain AB4p

Route of inoculation

Inoculum™
in. L. im. Control¥
UV-exposed L-particles A " " ND
Normal L-particles A A A ND
Live virions A n N ND
Inactivated virions " A " ND
Uninoculated (control) ND ND ND *

*inocula contained purified material.

‘control mice were uninoculated.

i.n.= intranasal, 1.v.= intravenous, i.m.=intramuscular
n=15.

“Inoculation done. ND not done.
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injection via the tail vein; and i.m. via the front or hind leg
muscles. The mice, which were, inoculated i.n. with puri-
fied live virions, showed mild clinical signs e.g., ruffled
hair and respiratory distress, but recovered by about one
week p.i. No mice in the other groups showed clinical
signs and none died. Four weeks later, all mice were
given a second inoculation with the same dose and route
as in the primary inoculation. Four weeks after the second
inoculation, three mice from each group were skin-tested
for DTH. The remaining mice were challenged i.n. with
6x10% p.fu. of EHV-1 strain AB4 (N.B. not AB4p).
Serum was collected from groups of four mice at various
time points beginning from the day of primary inoculation
until 14 days after the challenge inoculation, for subse-
quent analysis by means of ELISA. The clinical signs and
reduction in body weight were observed and the weight of
the spleen was measured individually.

Statistical analysis
The statistical significance of differences between groups
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Fig. 1. Serum IgG antibody response following i.m. inoculation with
EHV-1 virions or L-particles. Mice were inoculated twice at four week
intervals as follows: (a) UV-inactivated virions (Il ) UV-exposed L-
particles (7.); (b) live virions (ll) or normal L-particles (___). Control
mice were uninoculated (A ). Four weeks after the second inoculation,
mice were given a challenge inoculation with 6x10° p.f.u. of EHV-1.
Data points represent the antibody titre (geometric mean® s.d.; n=4).
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of data was determined using the two-tailed Students
unpaired t-test.

Results

Antibody responses following intramuscular inoculation
Following primary i.m. inoculation with any antigens pre-
pared, IgG antibody titers were low and remained at about
0.5 log,, (Fig. 1). There were no significant differences
detected among the groups. When mice were given the
second i.m. inoculation, the antibody response rapidly
increased and peaked at about 14 days p.i. The highest
antibody titer detected in mice inoculated with UV-inac-
tivated virions or UV-treated L-particles (approximately
3.5 log,, at day 42 p.i.) while the lowest titer (approxi-
mately 1.8 to 2.0 log,,) was noted in mice inoculated with
live virions. Inoculation with normal L-particles gave rise
to higher antibody titers (approximately 1 log,, higher at
day 42 p.i.). Generally, inoculation with antigens that had
been treated with UV light resulted higher antibody
response as compared to those inoculations with antigens
that had not been treated with UV light.

Following the peak, antibody titers declined except in
those mice inoculated with UV-treated L-particles. When
these mice were challenged with EHV-1at day 56 p.i.,
antibody titers rapidly increased and peaked by day 8 post
challenge. The highest antibody titer was again produced
in mice inoculated with L-particles that previously treated
with the uv light.

Antibody responses following intravenous inoculation
Following a primary i.v. inoculation with any immunizing
antigens, IgG ftiters remained low (between 0.4 to 0.8
log,,; Fig. 2). After the second i.v. inoculation, antibody
response was rapidly increased and peaked at about 8
days later. L-particles treated with the UV light again
induced higher antibody titers (approximately 3.8 log,).
The lowest antibody titers was observed in mice inocu-
lated with normal L-particles (approximately 2.5 log,,).
Following i.n. challenge inoculation at day 56 p.., 0.5
log,, reduction in antibody titers was noted at day 3 post
challenge and the titers rapidly increased from less than 3
log,, at day 59 p.i. to >3.8 log,, at day 64 p.i. (8 days after
the challenge inoculation). The highest antibody titers
were noted at day 64 p.i. (with the titer of approximately
4 log,,) in mice which had been previously inoculated
with live or UV-inactivated virions. Antibody titers
remained high until day 77 p.i. which was the last day of
observation.

Antibody Responses Following Intranasal Inoculation

Following primary in. inoculation with any prepared
materials, IgG antibody titers remained very low at
between 0.4 to 0.7 log,, (Fig. 3). When these mice were
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Fig. 2. Serum IgG antibody response following i.v. inoculation with
EHV-1 virions or L-particles. Mice were inoculated twice at four week
intervals as follows: (a) UV-inactivated virions (I ) UV-exposed L-
particles ((1); (b) live virions () or normal L-particles (). Control
mice were uninoculated (A ). Four weeks after the second inoculation,
mice were given a challenge inoculation with 6x10° pfu of EHV-I1.
Data points represent the antibody titre (geometric meant s.d.; n=4).

given a second i.n. inoculation, the antibody response
increased slightly, but was significantly lower (<1.5 log ;)
compared with the other two inoculation routes (= 2 log,,;
as described following i.v. inoculation). When challenged
at day 56 p.i., antibody titers did not significantly (P<0.05)
increase. In short, in any of the three cases, i.n. inocula-
tion raised very low antibody responses.

DTH responses to EHV-1 L-particles and virions prepara-
tions

Three mice from each experimental group were tested for
DTH response. Purified EHV-1 antigen, mentioned above,
was employed in the skin test. The result obtained are
shown in Table 2. In all cases the maximum responses
were obtained in mice that had been immunized with live
virions. Mice inoculated with normal L-particles showed
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Fig. 3. Serum IgG antibody response following i.n. inoculation with
EHV-1 virions or L-particles. Mice were inoculated twice at four week
intervals as follows: (a) UV-inactivated virions (ll) or UV-exposed L-
particles ([J); (b) live virions (M) or normal L-particles ( ). Control
mice were uninoculated (A ). Four weeks after the second inoculation,
mice were given a challenge inoculation with 6x10° pfu of EHV-1.
Data points represent the antibody titre (geometric mean= s.d.; n=4).

a higher magnitude of responses than inoculation with
UV-treated L-particles, and with the maximum in mice
inoculated i.n.

Clinical signs and virus replication following virus chal-
lenge
Following challenge inoculation of mice, clinical signs
observed were different among the groups. Body weight
was reduced from 1 day post challenge inoculation. In
severe cases, mice lost 20-25% of their normal body
weight. Less weight reduction was noted in mice inoc-
ulated with live virions i.v or i.n, or with normal L-par-
ticles in. One week after the challenge inoculation,
surviving mice regained their body weight to 5-10% less
than the uninoculated mice.

Virus titers in the respiratory tissues were determined at
days 3 and 5 post challenge inoculation. At days 3 and 5
post challenge, virus titers in turbinates and lungs of
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Table 2. DTH response in mice immunized with L-particles or virions
of EHV-1

Time after antigen inoculation
Route Inoculum* (hour)
24 48

263 2.1° 26.0+ 2.0

UV-exposed L-particles

Intraveno Normal L-particles 26729 31.0£ 1.7
t " Inactivated virions 32036 270146
Live virions 38.0+27 37.0+ 1.7

UV-exposed L-particles ~ 21.7£3.2 26.0x 1.7

Intramuscular Normal L-particles 273% 1.5 29.0£ 1.0
Inactivated virions 25.0%£20 28.0+3.0

Live virions 31.7+ 3.1 30.7+ 5.7

UV-exposed L-particles  31.7£ 1.2 26.0+ 3.6

Intranasal Normal L-particles 41.0£3.0 350t 44
ana Inactivated virions 27.0£36  260%3.0
Live virions 393+ 6.7 417+ 12

Control None 9.3+3.1 7.7+ 0.6

*mice were immunized with either one of four prepared antigens.
‘ear skin thickness increases; meant s.d.; n=3.
$uninoculated mice were tested for non-specific skin reaction.

unimmunized control mice reached approximately 10° pfu
and 10* pfu respectively (Figs 4, 5 and 6). The maximum
virus reduction (>2 log,, in turbinates and lungs) was
observed in mice inoculated i.n. with live virions or nor-
mal L-particles; the least virus reduction was demon-
strated in mice inoculated i.n. with UV-inactivated virions.
A partial virus reduction (21.5 log,, in the lungs only, but
not in the turbinates) was noted in all cases in which mice
were immunized with L-particles. Mice inoculated with
inactivated virions demonstrated less reduction in virus
titer.

Following challenge inoculation, the weight of the
spleen was measured individually. The weight of spleen
of uninfected mice was approximately 90-105 mg. The
maximum increase in spleen weight was observed in mice
inoculated with live virions i.n. (Fig. 7). The increase in
weight was also observed in mice inoculated i.n. with nor-
mal L-particles.

Discussion

Results obtained from the experimental immunization of
mice with EHV-1 L-particles or virions are summarized
as follow: (i} i.m. and i.v. inoculations gave higher anti-
body response, in contrast to i.n. inoculation which pro-
duced a very low response. (ii) Higher DTH response
were detected in mice inoculated with live virions or nor-
mal L-particles. (iii) Significant virus reductions were
observed in mice which had been inoculated with normal
L-particles or live virions.

In any case, serum antibody response was found to be
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Fig. 4. Virus replication following i.m. challenge inoculation with
EHV-1. Mice had been immunized twice (4 week interval) i.m. as fol-
lows: (a) inactivated L-particles ([]) or inactivated virions (), and (b)
uninactivated L-particles ((1) or live virions ([1). Control mice were
unimmunized (). Four weeks after the second inoculation, mice were
challenged with 6x10° pfu of EHV-1. Turbinates and lungs virus titres
were measured at days 3 and 5 p.i. Bars represent the virus titre (geo-
metric meanz s.d.; n=3).

very low following primary immunization. Following sec-
ondary inoculation, i.v.- and i.m.-inoculated mice showed
a significant boost in antibody response, however, titers
remained very low in i.n.-inoculated mice. This indicated
the antibody response was well suppressed upon active
EHV-1 replication in mice. The degree of suppression in
antibody response in mice inoculated with live virus (or
normal L-particles) was higher than in mice inoculated
with UV-treated virus (or UV-treated L-particles). In all
cases, when mice were challenged, antibody responses
increased significantly except in mice that were previ-
ously immunized via i.n. route. Generally, immunization
via i.n. route resulted very poor serum antibody responses
as compared to other routes of immunization. The pattern
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Fig. 5. Virus replication following i.v. challenge inoculation with EHV-
1. Mice had been immunized twice (4 week interval) i.v. as follows: (a)
UV-exposed L-particles (D or inactivated virions (_ ), and (b) normal
L-particles () or live virions (_1). Control mice were unimmunized
(M ). Four weeks after the second inoculation, mice were challenged
with 6x10° pfu of EHV-1. Turbinates and lungs virus titres were mea-
sured at days 3 and 5 p.i. Bars represent the virus tiire (geometric mean
=+ s.d.; n=3).

of antibody response is consistent with the previous find-
ings as reported by Azmi (1995).

In contrast, despite low antibody responses, the highest
DTH response was shown in mice inoculated with live
virus. Mice immunized via i.n. showed higher responses
than i.v. or i.m. route. Upon challenge infection, mice that
had been immunized i.n. with live virus (or with normal
L-particles) showed no clinical signs of infection. It was
also associated with a significant reduction in virus titers
from respiratory tissues. These results are consistent with
the process of recovery as indicated by an improvement in
body weight. Protection was also correlated with an
increase in the weight of the spleen. Heavier spleen weights
are probably related to active cell-mediated immune
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(a) Tnoculation with inactivated materials.
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Fig. 6. Virus replication following i.n. challenge inoculation with EHV-
1. Mice had been immunized twice (4 week interval) i.n. as follows: (a)
UV-exposed L-particles (CD) or inactivated virions (1), and (b) normal
L-particles (D) or live virions ({J). Control mice were unimmunized
(M ). Four weeks after the second inoculation, mice were challenged
with 6x10° pfu of EHV-1. Turbinates and lungs virus titres were mea-
sured at days 3 and 5 p.i. Bars represent the virus titre (geometric mean
*s.d.; n=3).

responses which are likely to be related with recruitment
of many immune cells against the infectious virus. In con-
clusion, immunization with L-particles or virions resulted
in a protective immunity which was mediated by the
immune cells. Immunization via i.n. route also resulted in
the strongest cell-mediated immune response as compared
with protection as induced by other means of immuniza-
tion. These results are highly consistent with previous
findings (Alber et al., 1995; Allen et al., 1995; Edens et
al., 1996; Siedek et al., 1999).

Protection studies with L-particles for immunization of
mice have been reported for HSV-1. However, in that
case the HSV-1 L-particle preparations failed to give evi-
dence of protection. This was probably due to the exist-
ence of certain virus transactivation factors (i.e. o-TIF and

Immune Response to EHV-1 Non-infectious L-particles 17

140

control intravenous intramuscular intranasal

Spleen weight (mg)

L Lp VRL LP VR LP VR
inLP inVR inLP inVR inLP inVR
Inoculation of antigen
Fig. 7. The weight of spleens following challenge inoculation of mice
previously immunized with EHV-1 virions or L-particles. The immuni-
zation was carried out as follows: UV-exposed L-particles (in LP); nor-
mal L-particles (LP); inactivated virions (inVR); or live virions (VR) via
i.v., im. or in. The control mice (CTRL) were uninoculated. The mean
weight of spleens (n=3) was determined at days 3 (Ml ) and 5 (CJ) p.i.

vhs) in HSV-1 L-particles (McLauchlan et al., 1992) that
may enhance virus infection. However, this phenomenon
could not occur in EHV-1 since its L-particles did not
appear to contain these factors, and therefore EHV-1 L-
particles are highly suitable for a vaccine preparation.
Protective immunity as observed following inoculation of
mice with live virus suggested that virus replication is
probably required to enhance cell-mediated immune
responses (CD4* and CD8" T cells). However, this may
suppress the antibody response during EHV-1 infection
(Azmi and Field, 1993). The mechanism of antibody sup-
pression, however, has yet to be defined. Consistent with
previous observations, immunizations via in. route with
inactivated preparations gave no protection to the mice.
However, with the same material preparation, immuniza-
tions via i.v. and i.m. routes conferred partial protection,
as indicated by a significant virus reduction in the lung
but not in the nasal turbinate. Such protection is likely to
be associated with high serum antibody responses, as
demonstrated in this study. The antibody is, however,
poorly neutralizing, therefore protection may have been
mediated by another mechanism, e.g. ADCC.

In general, envelope glycoproteins of most viruses are
important in inducing a desired immune response. Frac-
tions of EHV-1-envelope containing glycoproteins, when
used to immunize hamsters, gave protection from EHV-1
challenge infection (Papp-Vid and Derbyshire, 1978). The
non-infectious L-particles of EHV-1 are completed with
major glycoproteins that are normally present in mature
virions. Therefore, immunization with L-particles confers
a similar type of protection as described for individual
glycoproteins. Inasmuch, hamsters immunized with par-
ticular individual envelope glycoproteins (i.e. gB, gC and
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gD) were protected from EHV-1 infection (Guo, 1990,
Tewari et al., 1994; Tewari et al., 1995; Osterrieder et al.,
1995; Stokes et al., 1996). Particular envelope molecules
had been used for vaccine preparation e.g. immune-stim-
ulating complex (ISCOM) vaccine (Cook et al, 1990;
Ertuk et al., 1992). In many cases, the acquired protection
was mainly correlated with neutralizing antibody (Stokes
et al., 1989; Shimizu et al., 1989). Immunization with
EHV-1 gD was reported to confer protection in mice. In
that experiment a neutralizing antibody response was
observed, however, this was not thought to account for
protection (Tewari et al., 1994). Experiments with EHV-
1 L-particles gave further indication that antibodies are
not the main factor in protective immunity against EHV-
1 infection. Envelope glycoproteins presented on EHV-1
L-particles probably elicit strong cell-mediated immune
responses. In many cases, non-replicative materials (includ-
ing EHV-1 L-particles or synthetic peptides) may stimu-
late cell-mediated response of a particular type only.
Many may stimulate CD4" T cells rather than CD8* T
cells. Therefore, it is desirable to delineate the protective
immunodominant epitopes for the particular type of
immune response desired. Our study has shown that the
non-infectious L-particle of EHV-1 capable of inducing
protective immunity as mediated mainly by cell-mediated
immune components as well as antibody response, to a
certain degree. L-particles, therefore, are highly recom-
mended as a starting material for a suitable EHV-1 vac-
cine.
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