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INTRODUCTION

The vse of poectne @ona pellucids (PAPY mmunecontieption i saos his
increased tooinclude. |12 distinet species tn 100 zes sinee 11 wis [resl reported o the
Amensan Association of Zod Yeterinarins i 1992, There are 28 distincl species Tor
wltich fve or more animals are on s PEP Geniment pretocol and complete data Gave
been retmeved frion parlicipalmng st hons, In this studv, date from three Muolayan
sun Bears {Heforengy mofpaeny and wo Asaan biack beirs (Selengrorar siibetanie)
ware potbel with thit Trom 12 bfown bears {Urss arores), snd eighl North
Amensen black bears (Urewy ameriomns), wnd data from 14 Grevy's #ebra
(g mrevidl, eiehl Burcheli's sebra (Eguws Svckell) aad chree Mountain
mebra (Eguus zebral were alse pocled. Ungotates foron the Jargest single tagon
arcup and kiave provided the largest body of information regarding effectivencss and
safety of PAP treatmment [Kirkpacrick oo al, 19950, 19940 Frishic and Kirkpateick,
1988: Frunk and Kirkporick 20020 Deiperr ot al, 2003 Previouws reacarch copaorts
estublisked vhe elficacy of PEP unmunceentraceptlion in certuin primates. iccluding
humans [Sueco. 1977 Eovema el ul, 1992] cynomolgus monkeys {(Maceca
Jawciowlaris) [Galyas el eh, 19850 Murtmez ¢f al., 1996, thesus monkeys (Macaca
midattal, mirmosels (Cadfiodx daochus) [OGrootenhuss et ozl 1996) baboons
(Fapri anuins] [ Dunbar et al. (9E9] bonnet monkeys | Waeaes radions) [Kollun
etoal, 1993, and squirrel monkeys f&Faimir foirewd) [Sacon ot al., 1983, [9ET. 1984,
14991].

The application of PEZP immunocontrucepdon 1o captive zoe specics grow out
of previous seccess1n its upplication to wild horses { Eguas cabaies) [Kirkpatrick
ctoal, 1900, 79u], 1992, FESh Kirkparnick and Turner 2002, 2002 Taraer and
EBoirkpatrick, 2002], and whitc-taited decr (Adocmdlar viipinrodes] [Turner & al.,
a2, 1996 MeShen ef ol 1997, Nauele ef o, 20022 Kuibere ei al | 2004] m wioch
tao jnitial imoowlatons and a single anneal Bocster moculation could cavse and
marin - conlteacepiive anbibody titess and sabsequeni mlerolity, For example, in
hrsest, doses of 65 100 pe ol PAP provided effactive {=50%0 contraeeption. The
first hooster inoculation was required shout 3 wecks after che first exposare e the
vaceinie, and annwal bonster inoculations susrained sontraceptive effecis thereafier,
Ereer aml borses wrs hitl;hl'_-.' semasomisl with respac] o 1|.'_|_1r|||.|u|.:li||r| and (his bas a
branog on the coniruceplive eflecliveness of this protocal,

A confraceptive daty have been sooumulated lor Gipave coo species, ol s
become clear (hei there ore some simlanizes belwesn resulis obamed Tor horses anl
deer-and other captive species with repard 1o the slectiveness of the AP vacine,
The santie 65100 py PEP dose azems to he effective in the vast majority of captive
species and particulocly Che ungufie [Rukpatnck efal, 1995, 1994; Frishiz aml
Kirkpatrick 199%; Frank and Kirkpainck 2002; Deigerl el al, 20023 This 15 nol
surpassing  aoisidering  the ovelotinnary conscrvation of the mammalian zona
pellucida speon weeptar site and s malecular homogencity [Saceo o al., 1941)
Larger doses of PED (G0 pgk have been wsed anly in African elephants (Lovodssrg
africone] [Fayoer-Hosken et oal., 20000, hut experiments o Scuch Africa have
demonstruted Ll si_gmth:il_[|||l.- srniiller dises alao work [ﬁuhil'lk gl al.. 202 Tna
nutnber n;ﬁl:'ca,pti'!.-'{: cxoilc speriey, less sl I'ITl,.‘t_'!II“-'IH patlierns seem o result in the
nead S mare L']'l:qu-;ul bocsler mocoianoms,  wheress  differences in immune
responscs Insome spectes may leed o contrsceptive eMects that are longer in
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duration than m other :species and  therefnre eequive less: Treguent  boosier
neculetiony.

This stady examines the biclogical cfficacy of PZP immunacontraception for
301 individuul capove anitals goros 29-spocies for animals treated between | 992
unct a2 {For which complicte data has beon recoversd from participating #0081, the
iechnicul problems associated with non-biclogical failures for an additional 20
unimiaks, and speciie reeomuendations for the timing of Boosler mocubalions moeach
SpeCics:

MATERIALS AND METHODS
PZP Yaccine Preparation

The native PEP antigen vsed in these stedics: was prepared from porcine
oocvics By the modified method of Dunbar ev al. [L980], and was stored and tested
for purity and pathogens as describéd by Dheigert ot al, [2003]. The antigen was
stippesl 10 zoos on adry e and stered frozen until the time of use, under the
dtthority of The Focd andd Drog Adminisiraion Investigutonil Bew Animal Drug
Exemprion (Mo, 8R40-GO03-004) For PET contraception of w0 animals

Selection of Animals

Acwrnads treated o the course of tos atudy were setecied By mdresdenl zoo
managers on the basis of populstion maaagement, gensiie management, or haalth
problems thot conlruindicated pregnancy; The gnimals wsed o this siwdy were
picked from a Jarger pool of treated arimals und selectad o the basgis of conplete
dalu shests returned by the zoos. Adl date reported o this stody come from animals
of proven  Terdlity that wese pared  wath proven male bresders. ™o Othet
conteacepiives were given to the stndy animals during the eourse of this sudy

Dose and Adjuvant Protocols

All snimals wers mven miramuscelar imoculations of 63100 pr of P2AP (i
PBRS} o Lhe lnp-or gluteal reazons; either by hand imjection or remotely by 1.0 co dare
Fhe tolwl volume of the inocoluton wss L4 o ownd incloded O.5cc of PEP
pnbgen + 0.5 co ol adjuvant, Adjuvants used include Freand's Complets Adjuvant
(FCAL Freend's Incomplele Adpovanl (FLAY, (Stema, St Lowss, MOV and Freumd’™s
Blich Bed Adhiovant {FM A; Calbaccher, La Jobla, ©AL The antigen wies emulbalie
with the adjovant imimediately before immumizarion as deseribed by Birk patiick
atal, T199n;

Foar different adjuvane pramsends bave been vaed over the 10 yvears reflecied in
this dara review, Tn aquids, species Tor which no reliable tobencalodss et exiss, the
adjavant protessl of choice was an mitat inocolation with PZT -+ FCA Followed by
nne o Dwo subzeqeent incculitions with PP — FIA over & weeka Tnoall arher
ungolates the protocols incleded three moculations over /o weeks with only
PEP 4 FTA: an initial moculation with FMA, followed by one or tao subscgaent
inoculations with PP — FIAS oran injdal inocalation with PP+ FhLA fobllpwed by
g geeond incoulation of PAP-FMA_ The FMA does not lead o fulse positive TH
tests, A complore frestmeont was defined as an bndtenl series of two or thres
innculaticng or the completed annngl booster mecwlation at the specified time (6-12
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menihsi di:pcudi_ug o1 Lhe !lir_IL"-C:ir_'H. In thiss ﬁ[n.'p:i-..':i for wluch 20 o0 more animals
were mncluded (bewr, collectvely, gialle [Girdn corelomardalis], Thex [Capra thex],
and zebra, collectvely) dilferences in elficacy between the three protocals were tesoed
for significance by Pisher™s exact test for conlingensy tables [Motulsky etal, 20005

Dafinition of Contraceptive Interval

A contrncepuve mterval 1O 5 detined s the period ol time between a
completed inttal ireatment seres unlil the oexl scheduled bonsier reatient, or e
time hetween zcheduled anounl bovsier mocalations. For example, for specad in
which annuel booster moculations wens piven, a O would e (he fme span betwesn
the completion of Ure indial seres of toculatons aml the e ol (he aonoal bonste
imocutation, Lo, 12 months,

Mon-Blologlcal Causes for Contraceptive. Failure

A ..;l_:-nl_-n;'-l_ml_hng |_'_||'-:'\-|'_|]|;'1|1 that afTects aceusile evaluabon of the hi-.‘:lh’lEiCHJ
{:ml_'an:._'r r;-[' Ihi:' P_:E,["' 1.-:_1|.,:|;:in|;-.'s ¢|,‘;-||'.I‘.,'i|._‘:-e*:5_:-|i'.-£ e.FI'.:.:u WeaE ik mierber -:1|' rechimical
probizms involving the emdhng ol the vaceme or ats delvery, or the g of its
delivery, any ol which may interfere with contraception, These wchnical peoblems
wete idetttified and docwmented in oan additional 20 apiimaiz.

RESULTS

Table | compares the biologicul contraceptive efficacy for 29 species {four
spocies of bear and four of zebra given collectivelvl, and the tme of booster
incoulations for cach species. Contraceptive efficucy ranged Irom o low of 80% o
highs of 1% across the 30 species. Based on g total ol 317 contseeplive intervals
in 300 individual animals of 30 spedes, mean contraceptive efficicy wis 93.8% "Lhe
recommended tane of booster moculutions wes determined by rial and ervor er by
evaluation of antibody Glers [Kirkpatrick etal ., 1996]

Mon-hiolomical techmiwal probleen:  were adentifed snd docementesd o 20
additional anmmaiz- and mcleded: metaton of ceccinution oo aleeadv-pregnunt
animals, failare. to complete the initial inoculaton series. fafure o give booster
mceulations at the specificd time, placing tregted females with males too soon (=2
wieekad after the end of the mitial series of inoowations. and the use of mapproprils
defivery equipmeat, “such as dart necdles that are too short for an miramuosoular
injoction in the particular species |Frank und Kirkpainck, 2002) To establish e
hintogical -efficacy of the PEF vaccine, cootraceptive fufures resulting from
confirmed fechnical problems have not been included in the dete provided below
Ifl T..=||'||-=" |.

Adneng gieaffc for which cornplete dara have been recovered, there wepe |3
Failupes duting the fivat year of teeatment and one during the sseond vearoand wll
were attributed to confirmed procedural Galures, OF these 13 Golures, st anmaals
were wlready pregrunl vl the time of Orsl frealment, two asoials did nol bave the
thres imocubibion seres -:_'n:_:-mp-]rl.-e:ﬂ. vme bl o 'rl.:itil,:qu:ﬂ-ﬁ |1|.ju:'t1.i|.‘:-|'| hezause of the
durl needie™s lppdh (oo shorll and one was brad belfore the inccalation series was
completed. Mresumably, anthody titers had not reached conteaceprive levels belore
the tremied aninal was resnleod weed @ e ole Aanlibody Gler daa Docar Doaeses
|E_||_| el 19E9), Finlless cheer [{ ervnis rJ'rJr:la.-.."] [r_'ltigl.u'l BT al, l‘!'f{l!-], white-tailed decr
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TTurmar et al, 19¥a] augeest that 2 weeks nee regoiced from The end of the initial
treatment series heforg antthody tiers are adeguate to block fertibzation. Thus, it is
regomtmended thae at least 2 weeks 1= allowed sfler the Lot ineealsticn ol the inital
series helore fomales can be safely placed with mules. In snother lwo anemalks
honaters were given late, after the Yamonth recommendition. T4 should be noted that
the S-month recommendation emerged ws o resull of thas study, thus these tao
Gallures actoally proceded that recemmendation. The single ecoml year Gailure was
dize to o failiere o give o bocster inoculation, Aamong seven cebea o which complene
data have hoon vetrieved, there were our fivst-year Gulures, (we second -y fadlures,
ancd one third-year failure, all atmbutable to confirmed procedural Tulures, Thres
firstsvenr Failures were ateributable to the mital thres inoculation series nol being
completed. Another animal was already pregnunt at the dme of inibal (relmen

Birth of the second-veas faitures and the third-vear fnlure were due (o booslers nod
wiven nn time. There were oo sientfeent ditferences (P05 m coniracepbies
efficacy among the four stady grovps thal conststed of 20 o more wrmals and Tor
which diffcrent adjuvant protscols were used,

DISCUSEION

The mean 9335 hiological officacy across all species ds simifur o ihe
approsimitle S0% efeacy eported Tor wild horses [Turner and Kirkpoatrick, 2002]
and  white-datled deer [Tumer etoal, 1992] This is expected, considering the
whiguiteus ard physicchemical nature of the mammalisn zona pellucida wnd its
ph_'_.'-_-m'_'-lq;-gi,q:ill rurles g Pefilizanon [Liang and Dean, 1993] and that 24 of 24 b]:ll‘L:i.:!:v
slucdied  were ungolates, There arc, howewver, a groap of species such-as - Lhe
Felids inowhach cross mectavity of 1he PEP antibodics with the zona sperm receplor Ls
poor and comiracepiion does ool resill [Cooeman et al, 20020 Harrenstien e al.
20044,

There are several biolowical reascos why a contracepuve PEP vaccine might
fail. The first 15 Gatlore of the vaccine 1o elicih sufficient andbody titers in the warget
animal, most bkely coused by relative hiemology beracen PEP and arget animals®
mona proleins. The best example Dere is the failure of FEF, dertved from porcne
protemn, Lo rese spmiicant anhbodies inany momber of the porcine tamily where Le
antimen is identified as sl The second canse of PEP failure L= o failure of resulting
anlthodies Ly cross-renct with the aporm Tocentor proteins of the el anmmal's
rony pellucda. A sood example of the second tepe of failare is seen in the ditferences
batwoen the zoma epilupes of the car (Fefls coms) and the pig (8w scrofa),
where, although snlibodies can be reaised by inoculating cats with PEP, the
antibadies vall mot epose sledie ondrance of the cat zon spenm receptor [Jewsenaw
croal, 2000f

The third meisen is Tailwe of theantibadics to remain ot adegaately high e
to prevent lerfilization ovor the course ol the bresding seison. The dusacion of
contmreptive setion, and by implication, the antthisdye lilers, Seem o beoquie
wvitrtable aeross some spocies. Oner the past 10 vears 11 has Bacome clear that not all
paplive mammalian spocies mount identicul immume responses with regard o
durntion of contraceptive affects, Biphorn shesp {theiv caeadensds and Rocky
Mountain poats (Creamnas enericoeus) provids an cxample of spuicies dilferences
among nngolites, Three big hore sheep inoculated in 1996 with o senes of three PEP
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injection: over & weeks remained mlerizle for =2 years without any subsequent booster
inoculations; one lambed in 1999 and igain in 2000, and another baobed in 200
Adong cight moumntain goats invvelated with & single series 1n 1996, only one lambed
by 1999 (and again in 20000 und one other Tambed in 2000, Thos, in goals aod sheep, &
single initial PZPseries will maintam infertilisy o= 2 years and, in most cases. looger,
A single Califpinia sca lion | Zalopims caiifraianus) that was teested with o singhe
sefics of PZP inoculations in 1995 and heed with a proven maie did nod produce a pap
until 1938, and desprie further breeding, has produced none sinee that Time,

In the cpse ol the hig hoen sheep. the sigmificanily longer duwraticn of
conlraceplion may be attobutable to more than sustained antibody Liters i)
imlerference with fertilizaton. & revent zludy isheates that domestie sheep (Cvir privs)
irepie] with PEP4+FCA demonsitaie o ligh antibody response but also un
mlerference with growing ovarian follicles and 4 ssgnificant reduction . Lhe nuymiser
of prmorndial foflicles (B.L. Lasley, personal communication). These duta ficm
domestic sheep are consistent with w =mmzlar destrucrion of ancytes 10 the rabbal ovary
after cxposure te PEP antibodies [Skinner ot al, 1984 In conlrasi, there 38 no
evidence. of 1his histological phenemenon o borses (L. Munsen, personal commil-
nacation), white-railed deer [MeShes etul., 1997 and wapiti {Cerus elaphis oo
[Shideler et al, 2002] afier treatment with PZP, pointing to still another possihle
species difference, The absence of histolegical data from mountain mouls and s lions
feaves the question of long-aching effect of treatment in these fwo sprces unanswered.

With the exceptin of 6 small numher of Proowalski horses (5, previvalikll) and
rebras (all species) thut received FCA for the initinl inoculsbion, sl inimals in this
seudy received either PEP+ FTA = 3, or PZP + FMA (ollowsd by PZP+FIA. or
PZP + FMA Tollowed hy PZP+FMA for adjuvant protocols. Reccat dats for
fallow deer [Exetpert @i al., 2003] indicate that theps is & sgmbicantly greater antibody
response. in amimals treated with FMA for the initiol inoculition: than Tor those
receiving Lhres inoculations of PEP — F1A, and that these responses are similur 1o
those ssen o white-tasled decr created with P2 - FOA [Tarner e al, 1996], There
were, however, no differences in contraceplive elficeey hersreen the protocols after
the ini il inocalatien serics was compleled, All three prowesls used provided soalar
comtraceptive efficacy. The chunge m profocols deseribed -in this curcenl study
reflecied o shift from FOA, toavord possible tuhercidisis-positive westing, and from
the theee inacilarions of F1A to reduce the nomther of innculatons necessary, rather
(ham wny. significant differanees 1o conbraceplie efficacy.

The ague of timing the “annoul” booster inoculations propesly i dependent
npon the seasonil breeding pitlerns of wrget speries Certuin [ree-ranging Spocics,
such gy wild horses, Rave o more defined and nurcow breeding season than cheir
domestc cosnlerparts [Ratoh and Hoshi, 1933; Kenny et al., 1973 Palmer, 1975
Kirkpairick and Turner, 1982]. Anecdotal evidencs from.zoen populations of ather
ungulite specics indicates that breeding seasons can bz extended i cuplive
populations. Tn the ease af highly seasunal species, a single annuul boostes
inceulation, given 24 weeks before the onset of breeding activity wall suiliee 1o
muintain eontraceptive efficucy. In less seasonal apecics, booster inocaiatrons will
have o be given more frequently. Tn the case of niost zoo ungulete populations,
hooster inpculations given every 79 months semm Lo roEnain - contraceprive
|1|-|_'|1,|:~,:|;;i|:-|:|_ Munie chper { Mpedbecus reevEs] TRgUITE horsteg innculations avery 9
months, bazed on sotibody tier profiles [Kirkpatrick et ol 1996] Contraceptive
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elhcagy i muntjec deor has iaproved afler recommending these shorler intervals for
honsier ineeulatons.

Although 1t s clear that PP conlruception of ungulates is effective, less is
known sbout the vaccine's effectiveness in other orders within Mammalis. There iz
some. evidence that PET is not elfective us u contraceprive in Relids [Gorman et al.
2 Harremstien et al., M04] ond o pumber of unpublished reports provide
contlicting data for efficacy in conids, The hich degree of efficacy in beurs, however,
supgests that the vaccine has some ulility in certain gpecics other than ungulates, A
stuly wilh grey seuls {Halichoceas gryprs) [Brown et al.. 1997] demansiraled hghly
effective contraception osing 2 liposomul preparation of PZP. These duta
corrgborule the contracoptive action of PZP und the cross-reachvily ol the
untibodies against PP and sperm binding proteing in the 11 sea Hons in this
current study. Among 25 bears irealed with the PER, oser 30 Cls, Ihe resulting 100%%
eflicacy supports the effectivensss of this form of immunocenimesplion among
members of Ursidae. Relatively hiile 15 known abour the effectivenes or long-term
vonseguences of PEP immunocontriception, or any form of immunogoniraception
fr thit matter, beyond ungulates and pnmates, Schwarzmenberger e al f19gs]
exsmaned the ovarian endocrine cvele of severnl sun beaes: tera of which huil been
tresled with PZP und are included in this stody. Fecul steroids indicated thit 2 peurs
ul PP treatment was associated with missmeg luteal function and ereatic folHculur
pctavity. however, there was also missing leteal function i thice of four unirealzd
bears as well. The two PEP-trewied bears later returned to fertility, thus the ovarizn
disturbances did aot interfere with reversibility of contraceptive elfecis. Foture
application of this fonn of comiraception in other species must be condected
curcfully and systermitically before il can be recommended on a Lirse scale

COMNCLUSIONS

This study indicates that the bivlogical efficacy of PFP comirmeeplion in 29
specics . ranges (rom H0-100%0 and averages 938%, the tmmng of booster
ingeulations musl be adjusied to the length of the breeding senson and immune
reaponae (or each speces, und (reated femalea should not he placed with males until
at least 2 weeks afler (he compledon of the inicial setes of inoculinions,
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