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Abstract

Objectives Phage—gonadotropin-releasing hormone (GnRH) constructs with potential contraceptive properties
were generated in our previous study via selection from a phage display library using neutralizing GnRH antibodies
as selection targets. In mice, these constructs invoked the production of antibodies against GnRH and suppressed
serum testosterone. The goal of this study was to evaluate this vaccine against GnRH for its potential to suppress
reproductive characteristics in cats.

Methods Sexually mature male cats were injected with a phage-GnRH vaccine using the following treatment
groups: (1) single phage-GnRH vaccine with adjuvant; (2) phage-GnRH vaccine without adjuvant and half-dose
booster 1 month later; or (3) phage-GnRH vaccine with adjuvant and two half-dose boosters with adjuvant 3 and
6 months later. Anti-GnRH antibodies and serum testosterone, testicular volume and sperm characteristics were
evaluated monthly for 7-9 months.

Results All cats developed anti-GnRH antibodies following immunization. Serum antibody titers increased
significantly after booster immunizations. In group 3, serum testosterone was suppressed 8 months after primary
immunization. Total testicular volume decreased in group 1 by 24-42% and in group 3 by 15-36% at 7 months
after immunization, indicating potential gonadal atrophy. Vacuolation of epididymides was observed histologically.
Although all cats produced sperm at the conclusion of the study, normal morphology was decreased as much
as 38%. Phage alone produced no local or systemic reactions. Immunization of phage with AdjuVac produced
unacceptable injection site reactions.

Conclusions and relevance Our phage-based vaccine against GnRH demonstrated a potential for fertility
impairment in cats. Future research is required to optimize vaccine regimens and identify animal age groups
most responsive to the vaccine. If permanent contraception (highly desirable in feral and shelter cats) cannot be
achieved, the vaccine has a potential use in zoo animals or pets where multiple administrations are more practical
and/or reversible infertility is desirable.
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Introduction

The domestic cat is an important target species for popu-
lation control as millions of free-roaming cats inhabit
rural and urban areas worldwide. This is a serious ani-
mal welfare problem and a growing concern for public
health as cats can serve as a reservoir for viruses and
parasites that cause zoonotic diseases. While surgical
sterilization remains the ‘gold standard” for permanent
sterilization, contraception of cats with anti-fertility vac-
cines is recognized as a promising tool for managing
their numbers.!

Gonadotropin-releasing hormone (GnRH) is an attrac-
tive target for animal contraception because the same
contraceptive product targeting GnRH might be effective
in multiple mammalian species, as well as in both sexes.
It is a hypothalamic peptide that specifically binds to the
GnRH receptor on gonadotrope cells in the pituitary
gland. Through binding to this receptor, GnRH regulates
synthesis and secretion of pituitary gonadotropins that
are essential for gametogenesis and synthesis of gonadal
steroids crucial for animal reproduction. GnRH vaccines
stimulate production of antibodies that inactivate endog-
enous GnRH causing reduced release of gonadotropic
hormones followed by gonadal atrophy. GnRH is a well-
studied target in animal immunocontraception with
continuing interest.>” Given that GnRH is a small (10
amino acids) ‘self’ protein, it requires conjugation to a
larger carrier protein for increased antigenicity. Most of
the GnRH-based vaccines are chemical conjugates of
multiple GnRH copies with carrier proteins such as teta-
nus toxoid,® diphtheria toxoid,” keyhole limpet hemo-
cyanin,!® Concholepas concholepas hemocyanin (blue
protein)* or ovalbumin.!

The vaccine used in this study utilizes filamentous
phage virions as a carrier. Phage virions are genetically
engineered to display GnRH-like peptides as fusions to
the phage coat proteins.!? Phages are highly immuno-
genic due to their particulate nature and nanoscale size.
Methods for engineering phage—peptide constructs are
well established and easy to reproduce. Distinct from
chemical conjugates, phage-based preparations possess
excellent batch-to-batch consistency. As phages are bac-
terial viruses, they are not pathogenic for animals.
Filamentous phages have been used for immunization of
mice, dogs, goats, sheep and pigs, with no local or sys-
temic adverse reactions.'>!% In addition to these charac-
teristics, low cost and phage stability in various
environmental conditions make phages an attractive
antigen delivery system for vaccine development,
including vaccines for suppression of fertility.'o1”

Recently, we have developed several phage-based vac-
cines against GnRH that were tested in male mice and
demonstrated promising contraceptive properties.!> These
proof of principle results in mice warranted the next logical
step in evaluating the vaccines in the target species, cats.
Consequently, the objectives of the study were focused on

evaluation of the vaccines for immune responses and
effects on reproductive parameters (testosterone, semen
production and quality, testicle size and histology) in cats.

Materials and methods
Animal inclusion criteria and description
The cats used in this study were obtained from and
maintained at a breeding colony at the Scott-Ritchey
Research Center, Auburn University College of Vet-
erinary Medicine. Fifteen intact male domestic cats made
up three experimental groups (five cats/group): (1) single
phage-GnRH vaccine with AdjuVac adjuvant; (2) phage-
GnRH vaccine without adjuvant and half-dose booster
1 month later; or (3) phage-GnRH vaccine with AdjuVac
adjuvant and two half-dose boosters with AdjuVac and
Thermogel adjuvants 3 and 6 months later, respectively.
All cats were post-pubertal prior to the start of the study.
In group 1, four cats were 9-10 months old and one cat
was 18 months old. In group 2, cats were 12-13 months
and in group 3 cats were 11-12 months old. Cats in
all groups served as self-controls. Post-immunization
parameters were compared with pre-immunization
parameters collected from the same cats. For histological
evaluation, testes of treated cats were compared with
two control cats (12 months old) from the same colony.
Cats were housed in small groups of males only in
indoor runs under artificial lights. All animal procedures
were approved by the Auburn University Institutional
Animal Care and Use Committee (IACUC). Prior to vac-
cination, cats were assessed for general health by a com-
plete physical examination, complete blood count and
serum chemistry. A second complete blood count and
serum chemistry was performed at the conclusion of the
study, at which time cats were neutered surgically and
adopted into private homes per IACUC guidelines.

Preparation of injections and immunization of cats

To obtain suitable quantities of phage for experiments in
cats, phage was amplified in bacteria and purified using
standard techniques.'® Phage concentration in virions
per milliliter was assessed by reading the absorbance at
269nm using a NanoDrop 2000 spectrophotometer
(ThermoFisher Scientific). Phage used in the study was
generated in our previous work!? to display EHPSYGLA
fusion peptide. (Note: the peptide sequence is presented
in single-letter amino acid code. Amino acid residues
that are identical to the GnRH sequence, EHWSYGLRPG
are underlined.) This phage-GnRH construct was
obtained via isolation from an 8-mer landscape phage
display library using neutralizing anti-GnRH antibody
as a selection target.

Cats were immunized with phage-adjuvant mixtures
(groups 1 and 3) or with phage alone (group 2). Injections
containing phage alone were prepared in phosphate
buffered saline (PBS). Injections containing AdjuVac
United States Department of Agriculture (USDA) were
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Figure 1 Study design. Group 1 received one-time immunization. A total phage dose of 8 X 102 vir was split into two equal
injections. The injections were given subcutaneously (SC) in the left and right shoulders. One of the injections contained
phage—-gonadotropin-releasing hormone (GnRH) in phosphate buffered saline (PBS) and the other had phage mixed with
AdjuVac. Group 2 received two immunizations, a prime immunization followed by a booster immunization 1 month later. The prime
immunization was a total phage dose of 4 X 103 vir split into two equal injections given SC in the left and right shoulders. The
booster immunization was 2 X 108 vir split between two shoulders. All injections contained phage in PBS (no adjuvant). Group 3
received three immunizations, a prime immunization followed by two boosters 3 months apart. The prime immunization was a total
phage dose of 8 X 102 vir split between two injections. The injections were given intramuscularly (IM) in the left and right rear legs
(semitendinosus muscle). The first booster was 4 X 102 vir combined with AdjuVac given IM on the site of ‘phage in PBS’ primary
immunization. The second booster was 4 X 10 vir combined with Thermogel (adjuvant) given IM in the left shoulder. Blood

was collected from each cat for three times prior to immunization to obtain negative control samples for GnRH antibody and to
establish baseline testosterone values. This was followed by monthly post-immunization blood collections for the rest of the study.
Testicular measurements and sperm collections were performed prior to immunization and then monthly post-immunization

prepared by mixing phage in PBS with AdjuVac at a 1:1
ratio. To prepare injections containing Thermogel (AK97;
Polyscitech), the polymer was first solubilized in PBS at
1:5w/v ratio and then mixed with phage in PBS. Group
1 cats received phage with AdjuVac subcutaneously (SC)
in the left scapular region and phage with PBS SC in the
right scapular region. Group 2 cats received both injec-
tions (phage in PBS only) SC in the left (initial vaccine)
and right (booster) scapular region. Group 3 cats received
three intramuscular injections. The initial vaccine was
administered into the semi-membranosus muscle of the
left hindlimb, the second vaccine was administered into
the triceps muscle and the third injection was adminis-
tered into the right semi-membranosus muscle. All injec-
tions were delivered in a volume of 0.5ml. The study
design (phage doses, adjuvants, route/location of immu-
nizations, time of boosters, duration of experiments, etc)
is detailed in Figure 1.

Detection of GnRH antibody and testosterone

in sera

Blood was collected weekly for 3 weeks before primary
immunization to allow determination of pre-vaccination
values, and then monthly post-immunization for the
remainder of the experimental period. To avoid testoster-
one fluctuations owing to circadian rhythm, blood was
collected at the same time of the day throughout the study.
GnRH antibodies were detected by ELISA using a syn-
thetic GnRH peptide (New England Peptide) bi 879814

otinylated at C terminus (NH,-EHWSYGLRPG-Lys-
biotin-CONH,) to serve as the detector molecule.!? Cat
serum was diluted 1:100 and then tested at two-fold
dilutions to endpoint titers. The endpoint titer was
defined as the highest dilution providing an optical
density twice that of the pre-immune sera. To measure
serum testosterone, a Mouse and Rat Testosterone
ELISA kit (ALPCO) was used as directed by the manu-
facturer. Two controls of known testosterone concen-
trations in rat serum (Rat Control Set; ALPCO) were
run with each assay and cat serum obtained from neu-
tered cats originating in the same colony was used as a
negative control.

Semen collection and evaluation

Semen was collected at least twice prior to vaccination
to obtain a baseline and then monthly for the duration
of the study by electroejaculation under general anes-
thesia as per the method of Johnson.!' Total sperm
number was determined using SP-100 Nucleocounter
(ChemoMetec). Motility characteristics of the spermato-
zoa were evaluated using computer-assisted sperm
analysis software (Canine SpermVision SAR; MOFA).
Morphologic analysis was performed using eosin—-nigrin
stain and counting 100 cells on X 100 oil immersion.

Testes size and histology
Testicular measurements were recorded using an ultra-
sound prior to immunization, then once monthly for the
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Figure 2 Gonadotropin-releasing hormone (GnRH) antibodies in cat sera following immunization with phage-GnRH. (a) Group
1; (b) group 2; (c) group 3. The immunization schedule is given in Figure 1. Samples were collected prior to immunization
followed by monthly post-immunization collections for 7 (groups 1 and 2) or 9 (group 3) months. The antibodies were detected
in sera by ELISA. All measurements were performed in duplicate. The data are presented as endpoint titers (defined as the
highest dilution providing an optical density twice that of the pre-immune sera). Each bar represents an individual cat. Lines
connecting monthly data points with symbols represent means of antibody titers = SD for each group

duration of the study period. The length (L), width (W)
and height (H) of each testicle were obtained indepen-
dently by a single investigator. Testicular volume (TV)
for each testicle was calculated using the formula:
TV=LXW XHX0.5233.20 The TV of the left and right
testicles was added together to obtain the total testicular
volume (TTV).

At the time of neuter, cat testes with attached
epididymis were surgically removed, fixed in modified
Davidson’s fluid,?! and processed for preparation of
hematoxylin and eosin-stained sections for histologic
evaluation. Testis and epididymis from two age-matched
untreated cats were also collected and evaluated. Soft
tissue nodules that appeared at immunization sites with
AdjuVac were biopsied at the time of neuter and evalu-
ated for neoplasia.

Statistical analysis

Data were analyzed using the general linear model for
repeated-measures ANOVA. For each group of cats each
time point post-immunization was compared with pre-
immunization month 0 using contrasts.

Results

GnRH antibody responses

Although the vaccine stimulated production of GnRH
antibodies in all immunized cats, their titer and duration
depended on the type of treatment, and also varied
between individual cats within the same treatment
group. All cats in group 1 developed antibodies against
GnRH; however, the antibody profiles were not uniform
across the immunized animals (Figure 2a). The differ-
ences included the antibody initial rise, duration and
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strength. One cat (1.3) developed detectable GnRH anti-
body as early as 2 weeks after immunization. This cat
also developed the highest level of antibodies for this
group, with an endpoint titer of 819,200 at month 4. Two
cats (1.1 and 1.5) developed detectable antibodies rela-
tively late, 4 months after immunization. One cat was
considered a short-term responder with an antibody
duration of 4 months. As a group, the antibodies gener-
ally peaked around months 3-5 (Figure 2a). Four of five
cats maintained the antibodies until the end of the study.

While the antibody titers varied significantly between
cats in group 2, reactions to immunization in all cats fol-
lowed the same pattern. The antibodies peaked around
1.5-2 months after primary immunization, then de-
creased and plateaued around 3-4 months, maintaining
approximately the same level until the end of the study
(Figure 2b). Cat 2.1 developed and maintained the high-
est antibody titer for this group, with a peak value of
409,600. Cat 2.5 developed the lowest antibody level,
with a peak value of 25,600. It was also considered a
short-term responder, with no detectable GnRH anti-
bodies after 4 months following primary immunization.

Similarly to groups 1 and 2, all cats in group 3 devel-
oped GnRH antibodies. The antibody response varied
significantly between the cats (Figure 2c). Each cat,
except cat 3.2, had a large increase in antibody titer after
the first booster immunization (month 3). Cats 3.1 and
3.4 also showed an increase in antibody titer after the
second booster immunization (month 6). Cat 3.5 had the
highest antibody titer of 6,553,600, which was reached at
month 6 and persisted through to the end of the study.
Cat 3.4 was the slowest to develop antibodies with no
detectable antibodies until 2 months after primary
immunization and had the lowest titer for group 3. The
mean GnRH titers from cats in group 3 were greater than
groups 1 and 2 (P <0.05) at most time points.

Testosterone, testicular and semen parameters

Throughout the study period post-immunization, there
was no significant change in mean testosterone concen-
trations in group 1 cats compared with baseline values
(Figure 3a). Baseline values in serum testosterone in
group 2 cats varied broadly. Four of the cats (cats 2.2-2.5)
ranged from 0.54 to 2.12 ng/ml, while cat 2.1 measured
9.08 ng/ml. Also, cat 2.1 had much higher serum testos-
terone levels post-immunization than other cats in group
2, reaching 50 ng/ml at months 6 and 7. Therefore, testos-
terone for group 2 cats was analyzed both with and with-
out cat 2.1 (Figure 3b). Using either approach, there was
no statistically significant difference in serum testoster-
one for group 2 cats throughout the study period.
Similarly to group 2, baseline values in serum testoster-
one in group 3 cats ranged broadly. Four of the cats (cats
3.2-3.5) ranged from 2.43 to 7.55ng/ml, while cat 3.1
measured significantly higher at 27.95ng/ml. Also, cat
3.1 had much higher post-immunization testosterone

levels (>50ng/ml) than any of the other cats in group 3.
Therefore, testosterone for group 3 cats was evaluated
with and without cat 3.1 (Figure 3c). When analyzed as a
group of four cats, the mean testosterone was signifi-
cantly reduced at month 8 after primary immunization
compared with pre-immunization value (P <0.05).

The TTV was decreased in 4/5 cats in group 1 from the
start to the end of the study. At the time of neuter, the
maximum TTV decrease of 42.4% was observed in cat 1.1
and the minimum decrease of 24.5% in cat 1.4. One cat in
this group showed an increased TTV of 19.4%. Thus,
when evaluated as a group, the differences between post-
and pre-immunization TTV values were not statistically
significant (Figure 4). In group 2 cats, there were no sig-
nificant changes of mean TTV values, except at two sepa-
rate post-immunization time points (months 3 and 6),
when the TV increased. These changes were sporadic
and did not constitute a trend. TTV declined in all five
cats in group 3. These TTV changes were significant at
multiple time points, including months 2, 3, 4, 5, 6 and 8
(Figure 4). The overall trend in testicular size in this
group was downward.

In addition, testes and epididymides of all five cats in
group 3 were evaluated histologically. There were no
vaccine-related changes detectable by light microscopy
in the testes. All immunized cats had mild vacuolation
in the epididymis of the corpus (Figure 5), which was
not present in samples from untreated cats. Vacuolation
was characterized by macrovesicles with proteinaceous
material within the epithelial lining. Occasionally, these
vacuoles had a rim of epithelial cells, compatible with
the pseudoglandular appearance of cribriform change.
Many vacuoles had no epithelial lining and were inter-
preted to be intracytoplasmic vacuoles.

The total sperm number for each cat in all cat groups
varied throughout the study. No consistent changes in
sperm production were observed. All cats continued to
produce sperm at the end of the experiments. Progres-
sive sperm motility did not change significantly in all
groups (not shown).

There was a statistically significant decrease in the
relative number of morphologically normal sperm in
groups 1 (at 5, 6 and 7 months post-immunization) and
2 (at post-immunization months 2-7), but there was no
such effect in group 3. The mean sperm morphology
data for each group at each collection are shown in
Figure 6. The sperm abnormalities most commonly
observed were abnormal heads, abnormal midpieces
and tightly coiled tails, all indicating testicular insult.

Injection site reaction

Group 1 cats developed variably sized firm nodules at
the site of the adjuvant-phage injections approximately
2 weeks after immunization. There was no reaction
using phage only. The nodules were firm, non-painful
and located under the skin in the subcutaneous space
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Figure 3 Testosterone in cat sera following immunization with phage—gonadotropin-releasing hormone. Serum samples were
collected prior to immunization followed by post-immunization collections performed monthly. All samples were evaluated in
duplicate using ELISA. Data are presented as group means = SD. (a) Group 1. Data analysis was performed for five cats.

(b) Group 2. Black line is data analysis for five cats. Red line is data analysis for four cats, excluding cat 2.1 with abnormally
high testosterone. (c) Group 3. Black line is data analysis for five cats. Red line is data analysis for four cats, excluding cat
3.1 with abnormally high testosterone. P <0.05 is noted with an asterisk. P value refers to post-treatment vs pretreatment

(Figure 7a). The nodules increased in size initially, then
slowly decreased in size over the later months of the
study. By 8 months after initial immunization, only two
cats still had palpable nodules. Nodules were biopsied
at the time of neuter and confirmed to be inflammatory
with no evidence of neoplasia (Figure 7b).

Group 2 cats received phage immunizations in saline.
No reactions were palpable at the site of either immuni-
zation throughout the study.

Four cats in group 3 developed palpable nodules
within 3 weeks of the initial injection and all five cats
developed nodules following the 3-month booster. The
nodules increased in size initially and ranged from 1 to
7 cm before gradually decreasing in size. They remained

firm and non-painful. Three of five cats still had easily
palpable nodules at the conclusion of the study. One cat
(3.1) developed a sterile abscess at the initial injection
site 7 months after immunization (Figure 7c,d). There
were no reactions to phage or phage mixed with
Thermogel.

Future studies using phage vaccines will test alterna-
tive delivery methods that do not include AdjuVac owing
to the observed reactions. Clinically, because of the risk of
neoplasia associated with vaccines in the cat, the current
recommendation is to place all vaccinations in a distal
location to provide options for easier treatment (amputa-
tion) should a vaccine reaction become untreatable or
neoplastic.
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Figure 4 Total testicular volume in cats immunized with
phage—gonadotropin-releasing hormone. Testicular size was
measured via scrotal ultrasound prior to immunization and
then monthly post-immunization for the rest of the experiment.
The procedure was carried out by placing an ultrasound
probe on the external surface of scrotum and measuring
length (L), width (W) and height (H) of each testicle. Testicular
volume was calculated by the formula L X W X H X 0.5233,
and the total testicular volume for each cat was found by
adding the volume of both testicles. All measurements of L,
W and H were performed in duplicate. Data are presented as
group means = SD. P <0.05 is noted with an asterisk. P value
refers to post-treatment vs pretreatment

Discussion

In our recent study,'? phages displaying GnRH-like pep-
tides were identified via selection from a phage display
library using anti-GnRH antibodies as a selection target.
Such phages were shown to trigger the production of
GnRH antibodies and to suppress testosterone when
injected in mice. Here, phages displaying GnRH-like
peptides were evaluated in one of the target species, the
cat. Cats were immunized with either phage alone or
in combination with one of the adjuvants: (1) AdjuVac
shown to stimulate high GnRH antibody titers in cats
with moderate injection site reactions;?>? or (2) Ther-
mogel, shown to elevate GnRH responses with no injec-
tion site reactions in mice.'?

The vaccine stimulated the production of GnRH anti-
bodies in all immunized cats. The titer and duration of
antibody production was variable with respect to the
type of treatment, and also varied between individual
cats within the same treatment group. These fluctuations
in antibody responses might occur as a result of a vary-
ing rate and pattern of phage release from phage-
adjuvant depots formed at injection sites in individual
animals. A broad range of inter-individual responses in
cats to another GnRH-based vaccine, GonaCon, was
reported by others.?>?* GonaCon was also described to
produce wide interspecies variability in GnRH antibody
production.1024-26

Phage-GnRH immunizations triggered significant
changes in several reproductive parameters. In groups
1 and 2, the group mean of morphologically normal
sperm declined at multiple post-immunization time

Figure 5 Histologic evaluation of cat epididymis (representative images). (a) Corpus of epididymis of a treated cat in group 3.
Note the vacuolation shown by the arrows. (b) Corpus of epididymis of an age-matched cat from the same cat colony housed
under identical conditions (not treated). Hematoxylin and eosin staining, magnification X 10
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Figure 6 Relative quantity of morphologically normal sperm cells in cats immunized with phage—gonadotropin-releasing

hormone. Semen collection was accomplished by electroejaculation under general anesthesia. The morphologic analysis
was performed using eosin—nigrin stain evaluating 100 cells/sample for defects. Relative numbers (%) of normal cells for
individual cats prior to and post-immunization (monthly) are shown. Data are presented as group means +SD. P <0.05 is
noted with an asterisk. P value refers to post-treatment vs pretreatment. (a) Group 1; (b) Group 2; (c) Group 3

points. Such decline might indicate the initiation of dis-
ruption of spermatogenesis and/or maturation of sperm
in the epididymis. This decline in normal sperm is espe-
cially significant in the light of the fact that when young,
sexually mature cats are collected regularly (as in the pre-
sentstudy), their sperm characteristics generally improve.

Phage-GnRH also led to decreased TV. Any decrease
in volume is biologically significant, as in young matur-
ing male cats that are continuing to grow, the TV is
expected to increase over time, not decrease. In this
study, the TTV decreased as a trend (group 1) or demon-
strated a statistically significant drop (group 3) in cats
immunized with phage-AdjuVac, pointing to possible
initiation of processes leading to gonadal atrophy.
However, strong correlations between the testicular
parameters and GnRH antibody titers were not estab-
lished. Partially, as stated earlier, this could occur as a
result of fluctuations in the release of the phage antigen

from phage-AdjuVac depots formed at injection sites.
Also, this might be a result of high variability of immu-
nologic responses in individual cats common for this
species in general, as well as owing to specific antibody
responses to the GnRH antigen. Even though GnRH-like
peptides displayed on phage are short, they might con-
tain not one, but several, antigenic epitopes stimulating
the production of polyclonal antibodies, some of which
were neutralizing, causing testicular changes, while the
others were not. The ratio of neutralizing to non-neutral-
izing antibodies could vary in individual cats, resulting
in no strong correlations between the total GnRH anti-
body responses (as measured by ELISA) and quantita-
tive testicular characteristics.

Phage-GnRH was associated with vacuolation/
cribriform changes of the corpus epithelium of the
epididymides, indicating potential gonadal atrophy
related to the treatment as well. The histologic changes
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Figure 7 Injection site reaction in cats immunized with phage—gonadotropin-releasing hormone combined with AdjuVac.

(a) Physical appearance of an injection site in cat 1.3, representative of the nodules that developed in group 1 cats
(subcutaneous immunization). (b) Representative histologic image of soft tissue nodules in cat 1.3 (group 1) biopsied from
the injection site. (c) Physical appearance of an injection site in cat 3.1 (group 3, intramuscular immunization). The reaction
appeared at the site of the initial vaccination 7 months after injection. The sterile abscess was observed. (d) Ultrasound image
of the injection site nodule in cat 3.1. The reaction is characterized by hyperechogenicity (area between two crosses)

demonstrated in the epididymis of immunized cats might
disrupt sperm maturation. Similar types of changes in
the epididymis were documented previously.?” Intra-
cytoplasmic vacuolation was reported as an effect of
toxic compounds targeting the epididymis.?

Usually, higher antigen doses lead to higher levels of
antigen-specific antibodies and, as a consequence, to
improved biologic effects. The present study was the
first to inject a phage-based vaccine into cats. The lack of
knowledge on the local or systemic reactions to phage
inoculations in this species was a barrier for the use of
high phage doses. To achieve the goal of contraception,
much higher phage doses will be explored in cats in
future studies. Increasing phage doses were shown
to improve antibody responses in other studies.!2?
Importantly, high phage doses were shown to be safe in

multiple species, including sheep, goats, pigs and rhesus
macaques (the highest reported phage dose of 2 X 10
virions per animal).13-15

The primary problem in developing vaccines for cats
is identifying an adjuvant that renders the vaccine effec-
tive without generating unacceptable side effects, such as
injection site reaction. The nodules observed following
injections with AdjuVac adjuvant were inflammatory
and not neoplastic, decreasing over time in the majority
of cats. Similar reactions to an AdjuVac-containing vac-
cine GonaCon were reported by others.! As one cat in this
study developed an abscess at the injection site, and sev-
eral cats had large nodules (>7cm), we concluded that
combination of phage with AdjuVac is not acceptable for
the use in cats. There are examples of other adjuvants that
have been shown to be effective and safe by others.3
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Conclusions

This study demonstrated that phage-GnRH vaccination
stimulates the production of GnRH antibodies that
affect reproductive parameters in cats (decreased TV,
vacuolation of the epididymis, increased percentage of
sperm with abnormal morphology). The immunization
regimen specific for each treatment group seems to be
important. Ultimately, the regimen has to be optimized
and the study group size increased to achieve a consist-
ent and predictable reaction to phage-GnRH immuniza-
tion in individual cats. It is also important to study
the vaccine in cats of different ages as it might be more
effective in young (pre-pubertal) animals. As GnRH
peptide is conserved in all mammals, contraceptive vac-
cines against GnRH might be effective in multiple ani-
mal species and in both sexes. If permanent contraception
cannot be achieved, the vaccine has a potential to be
used in zoos, where the majority of animals require tem-
porary, reversible contraception. Also, such contracep-
tive products could be used for pets where multiple
administrations are practical and/or reversible infertil-
ity is desirable.
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