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Introduction

wildlife, frec-ranging and captive. poses and causes serious population
problema not unlike those encountered with human pwierpopularion.
Traditional lethal control programs, however, are nod always legal, wise,
safe, ‘or publicly acceptable; thus, aliernative approaches ane mecessary.
Lmrmgnocontraception of frec-ranging wildiife has reached 1he manage-
et bewvel, with success across a large varbery of specics. Thus far, the
fmmnocontraceptive research and management applications cmphasis
ftave been centered on porcine wona pelludda and gonadotropine releas-
ing hormene vaccines. Contraceptive sucoess has been achieved in mete
than B% different wildlife species, a1 the level of both the Individual ani-
mal and the population. At the pepulation management level with frees
ranging species, the primary focus has been on wild hoeses, urban deer,
bison, and African elephants, The challenges in the development and
application of waccisic-based wikilife conmaceptives are dlverse and
include dilferences in efficacy across species, safety of vaecines during
pregnancy, e development of novel delivery systems for wild and
wiry free-rangng animals, and the constraings of cemain aon-contracegk
Hve ellects. such as effects on behavior, Aeyond the comstraings fmposed
by the puiic and a hast of regulatory concerns, these exisss a real litnt-
tation for funding of well-designed programs Lhat apply this type of fer-
tiliry comtrel.

seen with either hwman contesception or domestic
SERECTEN,

While elective contraception of donsestlc animats can
be traced back hundreds of years, more neceil oin-
traceptive research has been almost universally asso-
clated with human apphications. However, in the
past 40 years a new application has arisen, insvolving
cerain species of both domestic animals” and wild-
fife. In the past decade, increased puldic concern
over unrestrained dog and car reproduction  has
stimulated a great deal of sesearch in this area, and
fwues such as the prevention of pregoancies in feed-
a1 catile have cven brought the commercial agrioul-
jural community into the world of eoniraceptive
rescarch, A few of these activitles, however, provide
methods that ave ditectly appileable to non-domest-
cated animals. Not surprisingly, wildlife coniracep-
ton invelves @ number of diverse challenges mot

A

with regand 1o wildlife comtracepton, four cone-
monly referenced case studies include wild horses
|Fguus caboifur), urhan and park cervids such as
whire-tailed dect (Odorodimes virgbuanes) and wapid
(Cervis elphuy, African elephants {(Lovadomia dfvioinal
in game patks, and more recently bison (R bigan).
Thete are other exatmples but thes stand our with
regard to free-ranging wildfife. & growing rrurnber of
pon-domestic species housed in oos and wild sni-
mal parks could also be inchuded. With rare excep-
fion, all are mediom to.large mammals.

Efforts at contralling wildlife overpopalation by
means of conraception began as carfy as the 19505
and most research involved natural amd syothetic
steroids; ur & varlety of non-sersidal compounds
Virmally all of these carly amempis  wiile
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COMTRACEPTIVE VACCINES FOR - WILDLIFE

pharmacelogically successful, ended in failure, for 3
vardety of reasons Inchuding woxicity, passage through
the food chatn, adverse effects on sl belaviors,
ligh cost of application, difficalty ln delivering the
compounds emotely, bealth fsks in pregoant ani-
mials; and a leost of regulatory isads: OF course, e
mmstraints  within these ecarly approaches  varied
depending on the species. Bor example, retole
delivery was not a requlrement for captive exotic
speces, and hehavioral changes were of less impor-
tance in urksn deer. which wese whewed as "pesls” 1
sexmie - quarters, Conversely, remote delivery is a wir-
mal reguirerment for free-ranging  wildlife, and
hehavicral changes would not be tolerated N social
animals such a¢ wild horses and african elephant.
Thus, cach species and serting brings with Lt specific
fecds and Hensfadons. The cumulative effect of all
these lasues vesulied in the realzation (hat contra-
ception with stereid hormones, the method of choice
for hunans and dogs, was ot acceptable across the
hroader spectrum of wildlife, Steroids remain nseful
i some captive wildfife contraception effors but
lave been abandoned for use in Tree-tanging wild-
life.

It was only with the advent of practical immasne-
contracepton that signiflcant progress i free-rang-
tng wikilie conmraceprion oveurred. Immaunelogicsl
appreaciies were consikbered for nse in wildlife as
carly as 1987 and the earliest recorded attemyus il
wildiife Immunocomsiraception ncuded o gonadotro-
pin-teleasing hormone (GoRH| vacdoe feded in
wild horses on Cusnbetland 1sland Natkinal Seashore
in 19865 Shorly thereafter, o porcine pona peilucida
{PEP} vacane was tested i domestic and captve
wild horses.” The results of the GoRHE wlal were nod
promising. while the PP trial provided clear cvi-
denge that an fmmunoconeraceptive coald sucoess-
fully inhibit fenility in eqaiicls. In relatively raphd
successon, trals with PZT were. sicoesstul in caprlve
white-tailed deer™ ' and a variery of zoo animals,
including Prrewalskl’s horse | Equns preeusalvkil) and
Bantens (B jewerimsi' | Foomoan sika deer (Cervad
pippon fainudpus), axis deer (Cervur axiv), Tlimalayan
tahr {Hesitrages Jemiahions), Romevelr elk (Crnmy el
phes pooeevelnh, mumtjac deer (Mantinme resvest), and
samvbar deer (Cervid andeadort'? and Alvican elephants
(Lexvodmnd afeivangl |1, T Kirkparrck, omypubtished
data),

Identilying an effective vaodine was only the Ing-
thal step in developing a populafios management for
wildlife. Very carly it was recognized that the naajor
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challenges  in wildlife  comtraception Inctoded (i)
Ldentifving successful comtraceplive agents in capiive
anirmaly, (1) docwrmenting safery assoriated with suc-
cesshul agenis; (i) developing a means of delivering
these agents 1o free-ranging wildlife, and iv)-acra-
ally abtering populatons, With the success of PEP-
induced fertility control n capeive animals, which
aifressed the first of the fir challenges, the oex
and more challenging siep was the inplementation
of actual feld trlals with free-ranging animals, While
the strategy remmained the samc, this represented a
psajor change fn tactics and one that & sdll under:
appreciated. Formumately, one of e major advanta-
ges of Immunocontreception became ohvious dunng
captive anirmal trials, which was the ability to delber
gontraceprive doses in very smail wolumes, which
conld be delivesed remotely, This s now cecognized
a5 0 ke requirement for practical wildlife contracep-
ches.

The Erar feld tdal of wildkife FEP mmunoconira-
ceprion ocourred on Assarcague Tsland National Sea-
shore, a barrler island off the coast of Maryland
23 years agn, This wial proved spcressful in fnhilit-
ing fertiliny in wild horsest? Aglde from demonstrar-
Ing a high degree of contraceptive efficacy, this
imitial study proved bevorsd a doubt that the wacdne
could be delivered remotely, withoor any bandling
nb animals, 1t alss demonstrated the safety of the
vaceime in pregnant animals’® and that fertiling inhi-
bidems could be maintained with -arnual  booster
ineulatines e

Tlie first feld trial with whire-tailed deer aooarned
at the Smitsonlan Institute’s Comseovation  and
Resarch Center at Promt Royal VA" Deer were
caprured, tapggeck. and given a primer dose of PEP
and then released, Subsequent booster inoculations
weere glven remately via small 10 oo dars. As with
carier captive irals, the wvaccine proved cfficacious
[E5%) and remote delivery proved successful. 1o the
cage of both the wild horse and <eer Gcld toials, ani-
inals received a 65- 1o 100-pn primer dose emulsifcd
with Freand's complete adjuvant (FCA) and a boos-
ter imoculaton of 1080-pg PEP cmulsifivd with Pre-
und's mermplete, adjuvant {FIAY, The Orst feld eial
with  Iree-ranglep African  elephanss  ocourred- i
1996, In the Eruger Park, in Soath Africa. Animals
were fmnohilized from a belicoprer, given ulira-
sound examinations o derermine pregnancy stagos,
collared and hand injected with a e00-pg priomes
dpse of PZP + a component of Ribi™ adjuvant'” Sub
sequent  boosier inoculations ocourred by remote
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freatment. Kesulfs owere posiiive bt cficacy  was
lower (T3% ) than with horses and deer. A change of
adjuvants, o Freumd's modifled acjuvant. (EMUA),
ncreased efiicacy o L00%. 52" Sinoe the comple-
tion ol these tials, management level application of
the PrP vaccne has been successiul o altering entine
peyrelations, stopping population prowth and ever
decreasing  pogpulations, of wild homes™  wrban
deer, ™ wapith® and Aldcan clephants."™"

safety

At this point, amentlon fumed o safery isues. The
questions ai hamd were (1} did PPP alier ovaran
funcdon. [ were the comtraceplive offects Tevers-
ible, (iily were there adverse behavioral effecs of
PPP [mmunocontraception, and {iv) were there any
short- o7 lmg-term adverse physical slde effeces?

A major advantage of zofa proteins as DOELDO-
gens 15 the absolute lack of cross-reactiviry wilh
other tssucs and protein hosmones,” ™" Addidon-
ally, the site and mechanism of actlon (see Clark
and Dell® for an elsguent discussion of the mecha-
mism of aclion supporting wone vaccdnes) is as far
‘hownstream’ for must of the reproductive processes
as possible, such thag the secpuelae of reproductive
eventy that are disrupted ane Inconsequential. This is
eeseniial for wikllile apoces ot may be considered a
disadvaniage if the targel animals are domestle spe-
cles, such as dogs and cats, where exiinguishing
pndestrahle betaviors 13 as mueh a goal & cantra-
cepition,

The safery of FIP inumunocontracepdion. was oon-
firmed for horses, deer, and elephanes through o ser-
ies ol follow-up investigations, Chrarian endocrine
function was monitored in teeared wild mares via
nrimary steroid mesabolites,™ and 1t was shown thag
there were no permancnt or sigoificant changes in
pvarian endacrine parameters and estrous cyclichty
even after long-tenm treatment ™ This is consks-
tent with the accepted theory of the mechanism . of
actbom of xoma _|'_|'|_|:||:|:'|_1:.5.'"1 Later siudics inowild horses
conhicimed the safety «of FEF use in pregrant
pates ™M amel reversibiliny of conreceptive action.
at deast through Ave comsecutlve years of thea-
ment.”* demonstrated  meneased  bady  condition™
and Increased ongeviry &nomares freated  chroei-
cally,™ and ne significant changes in fumtdamenral
social organization oe behaviors.”” Two more recent
studies Tound that PP treamment resubied i less
band Bdelity among treated mares outside e breed-
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fng season™ and minor changes in time budgers
among treated mares ™ However, the former study
was nal contrelled for pregnant animals or manes
that had foals removed annually. The later soudy
lerisiied rhat most behavieral changes wete associatéd
with chamnges In body comdidon or the gresemes o
{pals, Comsidering thar untreated mares have mose
foals than teated mares, and thar treated mares
develop better by condition than nniseared mares,
small rhanges o dme bodgees would: be expected.
Ubtrasetd cxaminations of ovaries and uierd from
pPrr-treated elephants also revealed a lack of newa-
tive effecs. '™

while no long-term negative health cffeas wen:
derected in PEP-mrcated wild borses, thete was somc
CONCEIT OYCT injertion site reactons. Tecause of the
homolopy. of the zona glycopmtcins . acroess many
mammatian wxon groups, PEP is & poos imanimna-
pert. Thos, a powerlul adjuvant @5 neccssary and
between 1988 and 1998, FOA was the adjsvant of
choice for mital inoculadens, Tollowwsd by booster
inoeniafions of PER + FIA. In reality. as long as inoc-
ulstinns were given in the rump or hip, ifecthon site
reactions were uncommen; hawewver, there wal oon-
ceri over ceusing  false  fubercolosis-positive fests
amomg some species of mmimals meated with FLA
ithere 5 0o TB test for equbds; thus, this was nof.a
problem in these spediesh, As a resalt, for initial
inoculations, a new adjuvant was wtilized with FZP
in wild herses, and later anwng other spedes: as
well, FMA, which wolizes the fractionased cell walls
from M. butyrimm, a comiman soil bacterfum with no
known pathologies assocated with it was tested and
proved to he a5 efficacions as FCA™ Thus, this i the
adjivamn of choice sinpe 1994, Ramne |njecion site
reactions il occor afier inoculatlon, even with
PR4A saF FLA, but seldom exceed (%, e !.1'|.1|:1].I"II
demonstrated a higher incidence of mjection [ite
reacdons i horses treated remodely. wiil dars. thin
those (ceated by hand-injecthon. This suggess that
tpection ste reactions may be as much a function of
delivery as the acrual vaccing. Delivery by dart must
mesult I surface hacteriz and debris being pushed
into the imjection site, [0 the abserce of either shor-
term or long-tenm health s, PEP contraception 15
now common i free-ranging and sancudary  wild
horses. urban deer, oo animals, and African ele-
pluaris, Other safety issues have been reviewed in
more detail elsewhere. ™

Other immunasens have boeen used in horses bt
thus far none have been applied o free-ranging wild
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COMNTRACEPTIVE VACCINES FOR WILDLIFE

horses except n small-scale research toaks. Several
approaches targeted the stallion, GaRH vaocines
have demonstrated that testicular function can bhe
suppressed 0 the  stallon ™ Howewer,  the
application of these vacones o wild horses Is contra-
indicated because of the suppression of festostesnne-
mediated  reproductdve behaviee,  which  are
necessary for holding breeding bands together In the
face of competition from other stallions. The engire
socinl structure of wilkd hoeses 5 disrupeed §f the
dominamt stallion i chemically castrated. Purthes,
ctudies have shown thar contel of dominant makes,
by means of vasectomy, In wild horses i non effec-
tive because this increases the reproducive sucoess
of bachelor stallions,'” A second problem asociated
with targeting the male of the species, 15 thar, it is
nod a harern-based  social siruciure, neasly every
male in the population will need to be oeaied. and
this i probably mot logistically possible, Thirdly, e
senoval of functioning makes from the meeding pop-
ulation may have far more serlous genefic oodis-
quences  that  treating - females™"" and - certainly
provides less management Hexibilicy

Thive commendal GnREH vaccnes have: shown
surresk i Suppressing reproduction in mares. Both
Equity® (PAzer Animal Health, Sandwon, South
Africa) and Improvac™ (CSL, West Ryde, NSW, Aus-
wralia) suppressed cyclic acivity in mares. ™ Gona-
con™, & GoRH waccine developed by DEDA
primarity for nse in deer, was tested in caprive wikd
mares and also was succesaful i Dlocking cyclic
activity and evulation.™ A founh commerclal GnRE
vaceine, Repro-BLOCT (Amplicon Vacdne, Pullman,
WA, USA} has been developed as an alwernative (o
costration o carthe. This lageer vagcine utilizes a ser-
icg of GnEH penes. which were cloned Into an oval-
buneirt carder wla am  Facleeichin  ooli  expressbon
wector, Asice Troen irials dn cande, EL'|=T|J-ET.LE4 has
been used to supjires. cairus incaptive Asisn cle-
phants and proposed as a contraceptive for this spe-
clew:™  howewver, hive sciial imoculations wacere
reguired fo achieve adequate  anli-GnREH  Oiers
Despite  ¢omtraceptive success. and clear potential
applicatinns to several other specles, the application
il GnHH vacdnes o wild horses brings 10 the fore
fssyes thal wsually are pot consldered with humas
conmraceprion. The complex evolutienary soclal orga-
nteationt of homses and ader equids & driven W a
large degree by reproductive sferoids In the case of
OnRH vaccines the result s, although temporary, 4
mon-surabcal castration. Public opinics, which direces
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so many aspect of contraception. human, or wild-
life; pequires in the case of wild borses an Intact st
of social behaviors, The same i true for ekephants
and most caplive sxokic specles In roos.

irther potential safery lssues regarding GokRH wace
cnes remain. Safety for use in pregnant animals
remains o species-speciflc isoe. Tn those spoces. thas
reby oa pituiary Lagelnizing hormone (LIT) 1o main-
taln the corpus utewimn of pregoancy threughowt the
entire gestaton perind, GuRH will cause abwrtion
Thiks {5 not an isose 0 speces such as the homse,
where placental hormones take vier the task of sup-
purting pregoancy, but use in bovids, for example,
such as the bison, o during the fist half of preg:
nancy in the gost family woukd nterfere with prog-
pances in progress. Maore Toubling, however, are 2
varety of miber lssues assxdiated with any vacdng
thar blocks GnRH, T has now been demonsizated
that GnRH recoptors exist in & varbery of tissuces
throughont the mammnealian body, including the ces-
ehellum, ™ bladder, ™ and cerebrospinal fuid ™ Now
reopgmized as o fonn of nearofranemitter, GoRH has
physinkogical cffects throughout the central nesvisus
syster GnRHE activity in the hippocampus has been
implicated  in  Alzheimers-like  syndrome. GnRI
activity cam alrer olfactory funegion, which 15, of
course, vital in the reproductive process for s many
wildlife species, Tn the cerchal corex, GnRH cano
cause depressed  activiry, and o the cerebelium
GORH has a coreelative ok so o geoetcally hased
disordeis, Incduding Gordos-Holmes Syndrome and
Batcher—Neuhawser Syodrome. In the pemuieary, it
has alsn been demonstrated 1thar GoRH affects muore
than just gonadotropie celie™ The action of GniEH
in carfiac tssue,. which & exceptionally mich in
GuRH receptors, may alss be an important sabery
lssue. At least two stedles have demonstraicd a ser
ous and negative effect on cardiac function and in
men, blocking GnkH can place the padent at grealer
risk for coronary infarction.”®® Whether of o
these partdcular safery fssues have any climical rele-
vante o free-roaming o captive wildlife remains 1o
e seen. However, it beoomes imfuitive thal vaccines
that exers thekr influence fimber "wpsream’ o the
repeaductive process and which have interaclions
with nome reprisductive tssoes will be more problem-
atic than those with targer dasue specificiey and that
exert Uiy ciects furfher “doanstredm’ o the nepri-
dluctive process,

In white-tafled deer, safety Bssies reladng to PZP
largely paralleled those of wild horses, bul with
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same  excepdons, Rewendbility of  contraceptive
avtinn poourred alier 1-3 years inocaptive PEP-tred-
ted deer’’ and ahier 1-4 years in anather smady with
caplive deer.'® An earlier siudy demonstrased that
there were two chanpes in ovarian hismology, bat that
the breeding  sesaon  was  externded by oone o
2 months In PZPtreated deer'” Inoome study, this
tesulied in a pubse.of tate births the descoyear, but e
sulsequent years, the lae births did oo R P
Treated deer were mhore active ihan untreated. deer
hut did nor spend more time feeding. Despite the
increased activity, treated deer gained signifleantly
more weight by the sammer following treatmeil
ran unipeated deer, peesumably heeause of avoid-
ance of Tactatton, but by the Following a1l all weight
diffcrences disapguearncd. ™

Poiential changes in ovarian histology were & coil-
certt, Prior 1o application of FEP vaccines o wildife,
somye femporal changes in owvardan [foncrion were
shown 1o occur in PEP-treated nomelwman  prd-
mates™! and mice.®™ but long-term cffecrs did oot
ey, Early studies with PEP-treated dogs revealed
sbpnificant changes (o ovarian higtalegy.*  Another
stify™ demonstrated similar cffectsin PEP-treated
rabhits, along with & depletion of primardial folliches,
Amorg PEP-treated sheep, signiflcant changes in the
ovarian histology were found."™ The dog smudy was
probably comepromyised by a rather impare PAP, arnd
the rabbir and sheep studics revealed species. differ-
ences in cespomse too the PZF. Collectively, this
rescarch raised om e of concern as wildlife con-
traception moved forward apd e the realm ol
MANAZENECIEL

in the fira trlal with B2P and horses,” no changes
i1 ovartan histology wene found, and other investiga-
tors had demonstated evarian weights and histology
were unchanged after PZP weamment of white-tailed
deer,'” In another study™ ovatian eosinophilic coph.
arios was Found i alx of elght ireated dees, but chis
rate was not sipnificanily differen: from coaerals, This
same study revealed that this conditinn b common in
ptreated deer at the time of avalaton, Despite the
ahsence of any significant chanpes i uvarian kistol-
ogy in wildlife stadied thus far, it b vimal that each
specics be evaluated for potential changes. Eblisoud
chemistry  studies i treated  whine-raibed  deer
jevealed onby o few significant changes afier PER
trentment. bt nome was asseciated with any physio-
loggical abnormalities.™*" Ongoing studies with Dall
cheep (Chae dallih) and domestic guats (Cepra firms)
reveal thie same lack of blood chemisiry changes in

these tw - specles,* Injectin site abioesses were
found in onby 2 of 353 deer (0.5% 1 and 100% of
PiP-rreated deer revealed granuloma formation st
the injection soe™ hot witlwsit any complicalinns.

Efficacy

A major challenge in the developmest ol hiuman im-
mureoniracepiives is the vagdability in immune
responses by individusls, similar e that which is eyi-
dent in 5o many prophylactic vacdnes, sach as influ-
iz, 00 48 unlikety  thar homans Wil ouse
cotitraceptives with efficacy as bow as even #3%.
There are mdividaal sifferences wathin a species o
fEactions Hy conlracepiive immundsgens. For exa-
ple. examining the anti-FZF antibody srers o sov-
eral groups of horses, ™ wapiti™, fallow deer (G
dama),” and whitc-wsiled deer’! meated with PP
reveals o significant difference o sesponse foe the
same pmmumogen, the same dose, and  the saiec
adjurant. However, for wildlife populitdons, a van
ety of modeling™ and resulls from field irials™ have
demonsirated that contracepiive vacdines with Iess
than 100% effoctiveness will sufifce.

Clearly there are species differences as well, For
wild homses teeated with native TPEF efficacy s
approximancly 95% over 23 ]ﬂ:ans.” In the case of
white-tailed deer, there I5 more variabibing, '™ with
an ellicacy of approximately 75%. Among FEP-IECE-
ted wrapifi, efflcacy ranged from a low of 84% to a
figh of #0%.* Africen elephants in one population
have responded with:a LO0% efficacy over 10 years
of management.?? Among captive exotic spedies, effi-
cacles ranged from lovien of 70% in Sambar deer |Cer-
vis prcelory oo highs of 100%. In addax (Addar
wagetteacilivms], gereruk {Tdtreermnius wallard) markhor
(aprg  Jaleomers) blighorn sheep (W caRadrasis),
olitaln goats [Orecwess ererianny), acd several
other ungulates.”™ Thus, a major challenge to the
development of widlife immunoroniraceives 15 the
alility 1o Inhibit femility acrnss diverse species, Gone-
aCon-B® and Spayvac™ have both been assoclated
with efficacics in the raoges of A%—64% aml 27-
AB%, respectively, in wild horses™ while Spayvac®
was mssochaed with 100% efficacy n fallow deer
over 3 ears.”® The GoRH vaccine Improvac®, when
given (o domestic mares in Two inocufations. aver
35 days provided 100% cfficecy with cycling and
ervulation as the endpoinis. ™

This lacter issue relleces both a streagil and weak-
ness of PEP immunoconoeption, and for that matter
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CONTRACEBTIVE YACCIMNES FOR WILDLIFE

any Ummuneconiraceptive Targeting sone feprodie-
pive fisse {ovum, sperm or piteliary cell) of protein
hormone  (GonREH). Unlike reproductive  steriids,
which kave absclute homaology. across: species, pro-
wein hormones reveal amine acid differences aooos
species. In the case of PEP, there must be an inunune
nespnse 1o an epitope of either or bath the FEP-1
and the P7P-3 glpha plycoprotein for & succestul
antibody response and effective contracepdingn. In the
case of white-tailed deer, anti-pordne ZF amiibaodies
reqognized several epitopes of both the ZP-1 and 2P-
3 glycoproteina’ " but in domestic cas, the game
antihidics do mot recognize any sepmment of the zona
ghycoproteing. ™™ While a species-by-specics analysis
of cross-reactlvity with PZP-induced amibodies has
pial securred, Bt ois elear that species-spectic cpiioges
vary across texonomic lines and will atfea the oon-
tracepiive efficacy of the immunogen. Thus far, TZP-
induced contraceprtion has not failed in amy of 64
membets of Unsulata in which 8 has been
anempted, whether members of Perissodacvia or
.ﬂ.ﬂi.-mi-au'[}rlu,"‘l or e ar ]:dnni[lmh.”'"” This
{mplies some evelotionary relationships among the
epitogees of the pona spenm receptor. Although not
directhy telated to contracepiive riscarch, the apglica-
tinn of rona proteins from, and directed toward, &
variety of species. across broad taxonomic loes will
surely reveal imteresting evolardonary . pathoways 0
the developoent of the sperm reciplor.

Duration of contraceptive actlon

Varcines gencally, bul not universally, ermploy
killed or atenuated vielent organbans and the
immune regeense by humans and domestle animals
is very powerful, with lasting effeces even alicr a sin-
gle inoculation. In contrast, contraceptive vaccines
generally carget reproductve  horrnostes o Lssac
recepliors, and the ability to cause long-lasting eleva-
tiems oo antihodies, Iedivideal differences noceih-
standing, 5 lar more challenging, becanse of the
relative  homology of these protein  molecules
herween species. T & intuitive that a dagle inocuba-
tigm, long-lagting contraceptive vaccine s valuable
and a worthy goal for Tree-ranging wilddibe.

The current major shorteoming of the most widely
wved wildlife comtraceprive, PEP: b that conteaceptive
duration s short-lived, at beas during the frst tew
years of treamment, An initial moculation loliowed
by a booster inoculatlon 2-6 weeks Llaer generally
provides o year of contraception, But then, an

ariafeoe el of Resmrhieren e Ui gy ol [F001) 40-41
= 30T inhs Wi & So0d AT

aiinual boosier 5 required for & secomd year of con-
tracepdion. Al leass for the fisst 2-3 years fthis is-a
requisement for sucoessiu] coriTaoepion. Following
3 years of treapment, the dumtion of high antibaxly
piters is-sufficient [or seccesshul conimaception  over
several vears and eliminates the need for annual
bacater inoculations, For example, in the wild mare,
3 years of treatmens, from age 2 through 4, resilt it
contracepiion that Jasts for a mean of 3.7 years
However, the range Is 1-8 years,™

This shorteonming of vatve F2E has stimulated a
sparch for more lasiing contraceive vaccines, Sev-
eral approaches to thiv challenge have ocourred, The
first approach has amempted o incorporate the PZP
phyroprotcin o biodegradalle, non-foxic malrdes,
which can be injecred and which then release the
ey mobecule slowly inoa spstsloed release e in
polsed releases. The mairix ssed thus far has Ineor-
potated varipus ratios of lactide-glycolide. either in
the form of microcepsaies™ of o the form of small
pellets that can be injected either by hand or by
dar, ™ Results thus [ar have been enoouraging
but not definitive, and & great deal of variability in
bath the manufacturing proocss and the resuits has
pesulied, Ancthicr difficulty with this approach s
that i1 has not been possible 10 Incorporate powerful
oll-based adjuvants in the microcrpales and pelbe:s.

A seeond approach hay incorporated o movel
‘packaging’ of the FZP. In the case of a proprefary
product, SpayVac™, native PEP bs incorperated 1o a
mulilamellar liposorae. This plathorin appears o priv-
vide o much longer duration of high antibody ters
and comtracepeion in seals.® fallow deer,™ white-
tailed deer®™* and horses.”' Contraceptive duratdon
appears to last for at least 3 years following a single
treatment. The primary drowbacks to this approach
appear 1o he the high viseosity of the preparation
arnd the imability 1o defiver it remotely, and possilile
side efferts on reproducive tssoes,™ at leas in
horses. The former 45 a techudcal problem and mnay
be overcome, and the latter requires substanciably
muore - safery testing belore this approsch frecoames
practical. Nevertheless, an kmportant point here is
that native PZP vaodne must oot be confosed with
nrore compéex vacoines eontalndng PEP,

A third approach that has shown promise B the
GuRH vaccine GonaCon®™. This vacocine targes the
GnREH modecule and blocks ovelation and estrus by
preventing cndogenoys GnRH from stimulating FaH
and LH produring cells of the pituitary. In mrm. the
lack of gonadinrophs imhibies ovarlan and testicular
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function and gamere production. As with PZP, there
are mroctural differences o the GoRH of warious
species, with varying degrees of homology. Thiis
mars that the vacdne will work in some spedes
hut not gs well or ot all in othess. GonaCon™ was
developed primarily for apglication o white- -tailed
deer, "2 bt alsn works i wapin,'! swine, 2 and
hiomses.™ In the case of GomaCon™ ihe longer lastng
duration of antibodies has been accomplished by the
addition of aromatic amino ackds 1o the struciure,
which enhances immunoegentclty bl without inter
fering with binding to pituiary receptors. Puzzling,
howewer, trials with free-ranging deer resulted in
signilicantly lower efficecy han those with captive
anlmals.

Alpernatiees o lomper actiing vaoones have exam-
inned delivery systems, As carly a5 1993, the idea was
put forward w engineer the genes for el
proteins imeo hacterial or viral vecors™ ™ Known
pollecively a5 geneticafly  modified  organisms
iGMO), the theory was thar o gene for an immumao-
genic molecile that cuses fendlity inhibition, such
4% PIP or GnRE, might be eogineesed inoa nome
pathogenic virus, which could then be used o infecy
the target species and express the gene. There are
multiphe oueestions associated with this cechnology,
Can the verior persist for a long enough time o
express the immunogen? Could the vector expres
the immunogen s sulflciently large quanies o eli-
or adecpente antdbodies? Will the veaor reach 2 Aul-
flvientdy latpe pomion of the populstion to aler
demsiy 7™ Rescarch followesd that examined a nui-
ber of posalbilities, Cloned genes for PH-20, LDH-C4,
and ZP3. all of which encode for gamete proteins
were proposed for incorporation info GMO wec-
1o7e, " bt nemie ever Teached the Aeld test stage.
significant ssucs of regulation were raised for 4 con-
traceptive method that, once released Into the envi-
reirmenl. could never e called hack.™ The isue of
fupathon rates in viruses, and the poential for e
wiectir 1 Infect non-target species, was i an ssue,
For example, a vector that conld successfully infect
and cause coptraception in nea-native foxes in Aus-
tralia would probably also bring about the same
result with domestic dogs. One stady conclwded that
the effort o assess risks of comtraceptve GMOs
woubd be geeater than the effort to develop e tech-
nology.™® Thess aid many other concems have led
to @ cessation of this line of nesearch for wibidlite im-
mutocontaceptives  and  have Isen  summarized
fh-fw:hm.lm_lﬂ:
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One exception w thls ceend s a rescarch eftory in
Mew Zealand "' Here, the vector is @ nematode
parasite Perasiromgeloides trichoserd 2nd the targen spe-
cies i% the Invasive broshiail possam (| Trichoseirss viil-
pecrida), The parasite I8 species-specific and mutation
intn. some form that might infecr other species |5
unlikely. If & gene lor a contraceptive protetn can be
englneered into this parasite, and can be expressed
elfectively, it may open the door o similar
approaches in other species. OF course, thers & no
guaranice that this particular parasite could ot find
its way to Ausralia-and infect nafve possoms.

(e Armal approach o the problem of long-term
immuneceniracepton of  wildlife  romains, Oral
delivery of a contracepeive vaccine would overcome
the peed for laborous delivery sydtems curmeotly
necomary [or sustained antibody tters in target ani-
mals, ' Currently, this approach is not & practical
reatity, bur the challenges kave been cleatly delin-
cated, Pirss, elther the confraceptive vactne isell
has o be spedes-specific o the oral delivery system
st b spevies-spectic. Approaches under cansicer-
ation include  transgenic plans'™ aml bacterial
ghosts,'™ hoth carrying genetic information for a
contraceptive Immunogen. The research challenges

Arenren bl ol fproascties mocdagy 84 071 4050
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are immense amil the regulatory boundles dauntiog,
an it i unlikely thar thid approach will bear fruit
for many years o come,

Conclusions

immunoconmacepdion for wildiife management has
hecome o reality since iis first apgdication o LY8E,
Today, animals treated annuslly nomber in the thao-
sands, and conmolled alterations in population size
are poourTing in various seflings al ever-increasing
trequency, The most widely used wililite conlracep-
tive s nathve porcine zona protein, Largely because of
{15 abilizy to inhiddt fevtblity in such a large hreadrh of
weicies, 15 tissue-specific action, and becanse of its
impressive safety recornd. Carrently six difterent free-
ranging wildlife species are beiiig managed by means
of PP immunaconmaception on 52 sites and 7% cap-
tlise exothe specles are Iwdng treated in 67 zoologival
gardens armund the world, Several GnRH vaccines
shiovw promilse, but widespread applicadon will have
to-wait for more extensive safery testing, Talde T suin-
matizes. and compares the major characerstics of
PIF and anti-GnRH vaccines. The extraordinary sua-
ress with acoual ficld applications of wildlile lmnmamno-
contraception over the past rwo decades has created a
new pamdigo. Only 23 years ago, e primary ques-
tion was whether or not we couwld economically deli-
ver, safely cecat, and effectively regulae wildife
populations with vaccine-hased coniraception, Today,
the mew question 8 how we can achieve this goal
easier, with less effort and cost and gain pahlic
approval at all levels The remalning challesges now
cerster of lmproving delivery systemn, modifications
of the vaccine comigrrscnis o enhance the duratlon
ol cfectiveness, aswuring  comprehensive  safery,
developing a sustainable funding base lor rescarch.
and achieving general acceplance,
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