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Case studies in wildlife immunocontraception: wild and feral equids
and white-tailed deer
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Abetract,  Mun-lethal Taagemenl meshods ore required fer wild eOWE thal are procecrsd Ly
v arel for deer inhehifing dress where leckal conireds e por legal ar safe, Siogle o rnzilfiple
SMaclisieas of porcas »ong pellicids (PP wierine hove been deliversd wowild horses il dees
by Tocans: of dierls, Coniracepiive elliccy dn horses after b inocalsbioos rnged From 90
005, and after 2 single ‘inoculation GNZCE Irum 195 o 25% . Mares gheen a Sonimolled-relzps:
ol the vaccing hed fonling rates FINEEE o TR o 0% defeciahle chacies o e
CTEAIZALSn Or heRnviours drang ficited Damses: cocurmed, Conlraioepiive ¢Muers wese reversible
alter 4 cmssulive yoars of Whaimenl e 3-7 vears of facasment resulied in ovulation failure
il dleviciaed weinary CLEMECN concentrabions. AN derr, b inoculitions wlrs T= ] 00
effeclive o) preventiog fases, b une inocalafion vielded srceplive efficaoy of <20%, with
PIECNBNELCE weeurrmg late in | breeding senson: o single nnnual hoosier moculnion reccgsg
Mectility 1o 200 (o the sacomud rear. Bogrgy costs of espondsd breshing sensoms were Jess than
thoae resultiioe oo Preguancy. Aller fwo. venrs of fregiment, ovarias appeared nomral. Theza
stadics suggest (har |98 TN IR egtion s b succussilly aaplizd e cermain free-faarning
Fopuiations ol wild liores g desy

Introdoction equids and white-tailed dees and discusses implicasons
; , . ; - o R TR A SR
A unigue applicagon of Porcme zong pellucida (P2p) 9 this research for the directions of fun e reRcarh.
vicciies B contieption  of certain wildlife  species, ) . :
wheie legsl peswictions or saciy! ehjections 1o lerhal Wild and feral equids
coRt hove elimingled other oplions {Kirkparrick -z The fiest apphication of Hnunoecontracelion M [

lumnet 1985, 1991), Theee spodies for which there s roaming wildlife occurred in wild horses, A s
# need lor non-lethal, humane Peblicly sccepable PZP vaccine Wit successfully  administered o,  and
population control are the Nocth Armerican wild korse proved highly effective in. wild horses on Assiteage
CRigtins cabaliny), the feral burm (Eguas arivayy and Islam] Mational Seashore [ASIS) nnd in zeweral areas
the white-tiled deer (fidocoilong Virgitiaroes). The fist  of Nevada, The vatine Wis prepared fiom pig ovarics
R0 species’ have wlmosd completc Tewal prolection en sceonding th the procedurs desciihed by Lio er ai
public Tands in the USA, vnder rhe Free-muming Wild (1953 and stored frozen untl tae, The most eflective
Horse and Busne Act, The witic-thiled deer 15 extremely  vaceine prodocol consisted of an dnitial inocolaton of
scdaprable s hps successfully inkabited suburks, uyrhan 65 pgof AP {in 05 mL ol Phosphare buffer solution)
parks, sovenmment cimpases; and militasy reservations,  enwlsified with 0 Sml ol Freund's. complete adjuvant
where ledhal controls ame no loRger legal;, wise oF safe  fFCAY lollowed by & second incculaiog with o misture
[Crramdy 194933, 7] hi= repior] CREINNE PIOZess 1o date with G5 e PZP and Fregpd's incomjifele adjuvant (FIA)
FET immunocomimeepton in Pree-roaming wild und feral  weveral weeks luber. This profecal vields & CUniTaCEHive
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Efficacy =% (Kickparick o af, 1090, 19954}, Annual
benater inoculationg of 63 Ui FAPLFLA will mainuin
contraceptive ellests withoul abtering sovil oTgamizaLiun
and Dehaviowrs {Kirkpuirick et ol 19914, Treamment tor
up tn thres congesdlive years i% asgoiated with-a retarn
1w Terilivy, On ASIS, during 2 pine-year period, 4§ ool
of 0 mures seoeived their inibal FEE mocutanons daring
shie third (rimesier nf pregnancy and ull 30 delivered foals,
Three mares oxposed 10 anti-FEAP antihodies 14 e, in
YRR have Teacked malurity and have prociuced fouls
al their awn (Kitkpatrick «f af. jousky o 1994, FEF
conlrsceplio was jncorporated intn the ASIS manageiment
plan for will horses {Karkpatrick 19951, Aler only wwo
pears using FLP contcaception s the sole managerment
ol nn ASIS 4 significant popalston eftect has. been
demenstrated (Fig 1)

The administatien of PEZP saccioe 0 76 mares, by
mesns 0f datts, wis possible in the dense undersiorics
ol this marsles of AS1S. In contrass, the vasl spaces and
large numbers of humes of the Americaf wesk Tejuine
o dafferent strupegy.  In Wevidda, 1o Drevetnber 1952,
571 horses wors gathensd by helicupeer poundup and
|50 qulale mwiares wett hand-injected with PFP ue thaw
puzsed through chutes. [ruring The summer of 1394, thizy
were relocsied unil observed fisr e presence of fomls,
Cinrpenied mores [ = 632) produced 34 foals (53U,
sham-fmected manes {r =20 produced 11 [nais (55%:),
and mies Teceiving two innculations abaul ong: month
apart {n = &4} prodiced o [oals (b S5 (Turner «f af

10065, In o second Geld mal in Mevady, approsimately
g0 wilil horses wene captured in Jumuary 1996 and
imeatod ws described pleve, Adult mares in = 19ET wewnd
given the sfandurd ren-inocatation PER (63 pg teanment
and resulis will be emilabie o Seplember 1997,

Recouse conbmsccplive eflivacy may differ betworn
seusonal and year-round  bresders, 2 sinely ol foee-
ruaniing el buvas, which hreed throughout the yearn,
wie underaken, Bernd donkeys [ Equur azinuil ln = 14

i immunized by dare with PEE, in Virgin Tslands
Mational Park. Each aduir feanale regeived 65 g 0f FLP
fallowed by & second inculatinn thres wesks lale? anil
& bewrter voealation 1012 miiths fater. Data wieie nal
anliected wntil 13 months atier the initial inoculabion o
allow for completion of any pregnancics in progress ol
tae Hme of incoulations. Omly a single inepied female
(620} produced a Boul or was pregnant, whils b of
[1 (54-5%) conirl donkeys prodoced foals or wen
prewpant [Tarner e af, 149596:0)

To- ensume the safety of the PEP ypecing, 15y o-
chermigtry of cquiie suwratc 11880Cs expased to anti-PET
amlibndies was camisd out, Weslern blat unalysis of
lycoprolgin honaones Was performed and 1o AR TTRL AN N
rchemical cross-reactivity ssing borse wnti-PZP nr Tabhit
anti-PZP wos detecied with heat, kidney, lung, liver,
e sornatic poctus of ovary and testes,  Forthenmore,
rahbil anti-PZP did nol cross-react with equine lecinis
ing hnrmune, folTicle-stimulating - hormose, or chorionmc
ponadatropin i Fayrer-Hosken er al. L9ut),



s stualics in i k| Life lnsuncerstiscepnm

The levels nf gireulating antibodics in FEP-trealed infar-
Eale Thares vary siEmificintly {F e 0:03) (Foyrer-Hosken,
unpublished  ohservation: Kirkpatrick, unpublished b
srvalion),  An importnt juestion iz wheher there
ane substuntisl differences in the fimmune systems af
the vaccineted horses thar selube tn (hese dilfering an-
ubody titres.  Preliminary duts g MAres, Comparing
compleie and  differeniial hloogd counls, aml levels of
errcuiating antibosdics show . mo relationship W conpen-
tations of #nli-FZP anrihodies, Thus, the response
of an individual aninial 4o § PP ¥awcine iz prohghly
reloted 1o the dose. adjuvint, and route of aclministalicn
rather than the individua competence. of s immone
Eyalermn.

During the course of vur studies we hivee found thaj
Lhe sezonal tiening of 1 single PZP moculation with wild
horses t important. In fhe porhem hemisphere, wild
mares treed between April and Tuly. A single inceulatinn
of TZPLFCA wmas. given 1o 20 murcs i Mevada, in
Lecember 1997, approsimately four months before (he
onset of the: breeding scason, In (994, |4 of thess 20
ares were lociled and 4 wares (28.86%) had foials at
their sides compared with 35% of combrol nrares  Turer
el ol 199651, In o second test of 3 one-inoculation PEL
trizl, 4 single 63 ug PZP inoculition Wik given o 42
vl ASIS marcs in March [994 immedintaly. before
e onset of the breeding season. This reatmenr iesulied
o & fouds (9%, a2 fentility mate which was sighificuntly
loower (P <2 0005} than the norma foaling rite (45550,
Rirkpaliek. unpubiished Oiservation ),

Cervidae

Eopulations of white-tailay deer iChdoatiens virgini-
vy have increpsed drumatically in the USA, becanse
of the adapability of his speeies to Muman actvity. The
ideit of nying PEP Hmenocontacepion on this Aperies
was bused o the success of PFP COREECEpLion of capdive
Lervids in oo collectione. The vaceine has already been
administerad to =7 species of wog aninmals and has heen
shown o inhibie repraduction in sika deer (Cereuy in-
PR REDuannE), sambar (leer iCernue wmicolo), i 1
dezr  Mandioegs reeverd), nxis deer (e exres, Al
Bovscvelt's elk {Cerpns elephins moserein) (Kirkpuirick
etal 19920, 1993 |906), Successiub PZT CONEECEpLian
ef white-liled deer; UEINg Pwor ihoculatinns of h5-pg
doses, wias hirst demonsinuied with capiive anmals ¢ Turner
#t i, 1993 19960, 19966 g portioms of these siudies,
ubifizing &7 does, speciically examined the. effecrs of
(7} vne- and ewo-inoculation protocaly (2 antthody Here
Teapuonszs to PEP treatment; and (3] reversibilily of con-
traceplive. effects. Results indicated thar 1w ingculations
of AP vadeine produced highly elevated and sustained
anti-BZE. antibody titres: and were =00% effective ip

Loy

intibiting fertlity, Alsn, one or twn consceiive YETS
of contraception were associated with Tt b noraol
fenility the next yeur

The first fiefd st with fres runging white-tuiled diser
Wity cartied out al the Bmithsondan Inatituie’s Conservatinn
and Reseurch Center i Virginia. Does: (e= 301 were
live-drapped, weighed, car-tagged, separarl inm hrep
treatment groisps and then rebeased. [Does in Group A
= 10] received a zingle injecton of 63 g FZP a1 the
time ol capture and & month later, in Cotober 1992 the
unimals received a second inoculation with b5 g PEE
remntely, by means of darts. Does in Giroup B (1 = 1)
reveived g single inoewlation of PZR and doses in Group
C {n = ) received 4 single inoculatinn of saling pliss
adjuvant. A vear later, 0% TR, und B2% of doss fi
Group &, Group B, wnd Group C, respectively, produced
fawms. Al breeding ictivity ceased in eonbrol animals
(Group ) by December, Bt broeding activity continued
imo February for animals in Grovp A and Group B,
indicating thal their breeding season was extended by
ont ar bro months when pregnancy did not oceur caclier
This phenomenun had also been obseived in slodics with
taptive deer Parturition dates for fawns haen fx anirmaly
in Groop B were focussed in Augost, indicaling thai
Lanception cecurred during the extended portron of the
bresding season, Presumably when anubady concentrations
decressed helow contreeptive levals, Nine of the tocs
in Group B were givin 4 singhe booster inoculation in
1993 and. in 1994, only iwo does (22-29) procuced
fawns. This latter expeniment was significant because
it sugpested that a single PZP oculation can provide
antigan rocognition which, despite [imited contraceptive
efficacy in Year |, vields fuli CONLGACCIRIvE [CEpumse o
a sitgle booster inoculation in Yenr 2 angd - therenfter
Lrvaries from deer in a)| three groups showed oo evidence
o auleimmune disense and (here were nu differences
betwieen provps (MoShea er al. 1956,

A second important leature of the present sludy was the
detenminiution that the extension nf the hresding sewson
amotg does thul were inoculated with g SoniTaceptive
duse of PZP did nat impart 4 harmful encigy toat. The
desr in ihis Fudy werd captured a vesir affer treatinen)
and the weights of dees thar received g Chairaneptive
doge of PP amd extended their brecding scasons were
signiticantly higher than (hose hat did not recejee PP
and became pregiant. In other words, the EACIEY Coais
OF pregmancy and luctation are far greater than lhess of
an estended breeding scasom,

A secand, lorger-scale fisld. il with frec-rouming
deer ds correntdly wnderway on Fire Tsland Mational
Seashore in Mew York, These desr are ncclimanzed
lo. humen presence, illovwing delivery of the vacuine
in Prcu-Darrs (Williaamsport, PA, USA} fired from &
Blowaun. T Year | (1993, T4 doct were given
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either 1 inuculation (r =81 o 2 inoeulations of 05 g
B remotely, OF these 74 does, b2 wert adulis in 19492
ared 0% of these prduced fawns in May-June of the
veur Defore freatment. A yoar larer, only 3% 2% of thew
deer produced fawns. This was a sigisificant reducticon
over fawning rates eheerved e yeur before treaiment, bt
u surprisingly low contracepive elfestiveness compired
with our results with captive deer. We believed  (hat
the primary cause for This relagively low conffaccplive
effectivencss wis incomplete jection by Some of the
daris. 1 15994, of these 73 does, 40 wen: given 4 singls
hanster inocaluticn and another TA previously unfreated
does wire given o innculafions using an ooyt
dare I 1995, of the tolal deer jreated n both years ol
e study, only 2% prodsced Tuwns, Mg the does
oiven hooster  mocdlations. 15%: produced fawns - and
atnong the 76 does receiving the initial two inccolations
i 1904, anly 285 produced fuwns iBig. 2). These
results are encouraging und have led to Lhe imitiatinn of
additionzl PEP confraceptive triaks with frene-roarming deer
ot the Matbomal Instimte of Quandundd and Technology, i
Caitliersbure, Muryland, und in o oty purk m Columbas,
Cibin
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Fig. 2. {rmiagepive cliency ol white-gniled desr conlsaeegion
an: Bite lsland Rationul Seashoo. Group 1 illustrares the Faremang
rane before trestmend fop 1993 and che [awnimy ranes fog 100 and
VOR5 ifper ame wear urad fwn years of Tsme peapentisely, Cenoup
3 iljorares il froming faee bedone Lypijinemnd for 1984 aml e
Froamifie rafe Loe 1995 alier ong WiRs of wemmenl. Sirrap 3 indiceia
rhe fawning mals befiry weatment fri doar treabid e the Airsk Like
in 1095 The numbers af the s oof ewdi b ppdlonie e nuEibGs
of Enimmils Teceiving beg innculatiens he first pear o of e Al
dear eped in that grodd.
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Current and fulure research

‘There ars (wn impartant dimenasions to the jmmune
soniraception of wildhfe thal supercede ther cuncns.
The first s its practicalicy, whish o a lorge extenl Minges
on the aveilsbility of a one-moculation o of e
vaccine, particulary o fhat canawl as o contmosplivg
fsr =1 yeur. A possible methed for enabling the use of &
ane-ineculption PZP vaccine 0 2 two-injection prafocn]
is 1o incorporate the second dese of antizen—idjuvanl into
non-laxic, biodearadihle luctide—glycntide mriciesnens
which, nn contget with tssee fuids erode  (esliing
sither in @ show conlinuous selease 0f aagen of i
pulsed relesses of aniigen (Lldridps et ol 1980L The
lactide -ghvealide is metbolized o factic acid und carboen
dioxide. The pavern of release is importon boeause &
o enntineons relense of anligen his the potential o
canse immunuinterme instenl of pixng amithody Ges
i conifaceptive lovels,

In an initil (rial to determrine if coniinuoys release 0f
FZP would vield contraceptive antibody ConcEnITaLIns,
ag oppescd Lo nlerance, white-railed dnes {po=3) wail
wiven an initial inoculation ol &5 g of native PZP and,
. the sarne diy, an cemotic smoni-pump comiatning 65 g
af PEP was implanied subcuraneously in the neck of
pach animal  The pump wis desipned o release PEFR
gontinpously for 28 days ot g Tale of approdimalzly
3.5 up day~' . Anti-PEP antibody titres were 7635 of
positive reference SCCUm seversl weeks after placement
of the pumps and T-10 monils later were 69 -5%,
indicating thot continuouws reiease ol PZP wall elevals
iies to enntraceptive Jevels (Turer e al. 15964}

Tt o sulsequent experiment, domestic mares (i
were inoclated . intrmmuscotorly with an iparial dose of
65 ju PP wgerher with 63 g PZP cnntgined in 51-pim
micraspheres designed o relesase the antigen over @ Six-
week perind.  Antibody conuentrations Wers comypared
in domestic mues (1 = 3) inoculated with Fwe dosies
ol 65 e of PZP given thres weeks apar.  Over 31
weeks, aniindy oncentrations did nol differ stgnificuntly
hetween (he twy treament groups: 2l Weeks 3, 14 and
11, bl were significantly hagher in the - iyl ation
eroup oi Week 5 and Week ® than in the one-inocalation
aronp (Kirkpatick e el 19963,

By Decerpter 19692, adull wild mares n = 20 e
captuped in Nevada and hand-injected with o single
iaocuttion comprising 65 pg of PAP ermulsified 1 FCA
topether with 63 g PEF peorporated inie microspheres.
o 19, 14 of those 34 mares Wons relocaled mmed. 4
{28 6%} had fouls at thear sides cormpared with =300 of
ol mures with foals, Tn 1992, a sunilar prpiTation
wos remoltely adminigterad o wild ANIS mares (1 = 14
by mizans of darts,  One dot failed - w inject.  Thik
mare, plus ong other marc peoduved  toals foal loawing
ireatment.  The differences i fertility were spanificant

= 5]
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LF = (.05) campiing either 2 foals/ 14 wmares ne | fosld]
ares with foaling rates for untreater mares (Kirkpatingk
el al. |95y In lanugry  F996, adult mares in = [}
Were captured and  piven a second  peneration of g
pidential ong-acting form of (he ¥aceine.  The long-
aching form of the vaccine enrmprised 63 pg oof nutive
PZP in phosphite-teffenss saline, cmulsificd with A
Wgeher with lactide -glventide micrsphercs confidning
03 g of PZP and (he adjuvant Cuthopal. Resuli froum)
this trial will not be vailahle uncil 1547,

The second issoe is thar of losmg-torm effecls in general,
arsd reversibilie of colmeeplive effeces in partdentas
The public’s concern over certaim free roammg wildlifa
species, and the conzervation value of 1a e und endasngercd
ELINIC Species-in capliviy make the fssge of reversability
of PP HIEUBOCON e ftion VLY Importond, ut heast in
RO Snecies. Fop example, the issue of reversihiliy |
paramaunt i wild horses in the USA, and certainly in
'Hre eROUC specics in caplivily in suos. but it 5. loas
of an lwsug in white-tailsd deer, Thus fas, i wildiife,
meverzibiliey has been decumented in adday ibix, and
muntjac dees, wnd among white-tailed desr and demestio
Al wild horses, but most spedios hove involverd anby the
effects of short-term treatmen) (1-3 vearz). Omly in wild
hosse have reverschility siudies heon lomgr, op Lo spven
fears ol realment Reversibilily has been documentad i
foares freated for 1, 20 3 apd 4 vears (Kirkpatrick or of
LRO2E, 19959, Chvalation THIES for mares treated from |,
¥ and 7 consecnutive years-dechned from 71,35 (117151
e 33 5% {34 and 1025 (LA respecltively, Ome mare
treated for 5 consecutive reears ovulated during Yedar & and
Year 7 bue has not vetconceived. During the htceding
SHEONL, WTINATY Deslmgen vomcentrations declined during
fevel ¥eurs of PEP ireatment The Porcentame of ey
with notmal whnany PSIIen concenmalions (| 00—3%5
Bz g~ ereatinineg decreased 1o A6, 33%, 0%, und (5
after 2, 3,6, and 7 vears of treatment mespoctively, Sevcial
tmares with depressed wrinary LESIANEN. cuncentraliong
continued 10 demonstisge eyelic peaks and nadirs in
LESHTEED  conceniration, sUggesting dontinved follioolar
wctivily (Kirkpatick e af, 19954 Thiz sty indicases
ar long-term PZF treatment s assnciated with a deofine
0 PN cestropen production and DvuiEon  rakes
However. reversibility of (fe emmditions of low ogstropen
production dnd ovulaton Yaiture,  an infertility, arc
tmkncawn and will require 5-7 athlitional years to zessss.

Conelosiong
FEF  mmninocontmeeprion appears 10 have  arew
Pelential in cerfin populations of wildlife, becanss-
{4) it has . a sontacepdive eificacy =®%: 12 it can
e delivensd remotely, via durts; 73 i effccly  ane
reversble afler short-rem use: (<) it is effective werozs
TNy specns; (55 it lacks dehilitating side effocts o

e

healih, cven after long-term (rearisent: (it huss misnimal
elfecis.on kodind bebaviours; ynd i) the vaccine und ihe
antibnilies induccd iy FEpOnsE 10 1l cannat be passed
through food chalns,
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