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INTRODUCTION

Porcine zonz pellucida (PEP) vaccing has been used successfully to inhibit
fertility in oumerons mammalian species [Kirkpatreck el ul., 19%9%a), mncheding at least
H) capuve exobic specics [Frishiz and Kitkpaingk, 1998, Kirkpatrick et al., 1995,
IBeeb], The wacciae has been esceplionally suecesful in reducing fortility in
ungulutes; however, a prior attompt al PFEP vaccinaton of Callow deer (Cer v dama)
wits feporied s unsuccesshil Tooe stindy of PEAP contruception in 1) fallow deer at
Foesil Rim Conservation Center, there wa: no sienficant ferclity. inhilition (F,
Blumer. VA, personal commianici i)

The findings in the previous stedy o Tallow dees were In contrast 0 sicces
with the PEZP contracepdive vacoine 1o severd other specics and subspocies within the
family Corvidae., Contraceptive success has been reported in white-tailed deer
i Chioepilens virgintaay) [Twrner o al,, 1992, 1996, MoShea et al., 1997 Naugle et al,,
202, Formosan sika deer {Corwe alppor toiowams), axis desc {(Cervie axis),
Roosevelt elk (Cerme sloplioe rooseveli), sambar deer ( Cernr weiemiar) [Kirkpatrick
ct al., 1996h], Rocky Moustin =tk {Cermey efopiis nefsond) [Garrott ot al., [99E], tale
elk {Cerviy elopdiens pasmoddes) [Shadeter et sl 2002], and Mandarnin sika deer {Csrms
afppoe mpedgrinnst (ke Frunk, personal communication).

The evolulionary conservation of the zona pellacida sperin receptor has
restlted in bromt efMicicy of the PZP voccine not onlv in the cervids, bue g che
majoriey of mammalian specws studied, Thus, there was no logical hinlozica)
explanaiion [ur the Galure of the PEP vaccing in fallew deer,

Anther tssue regurding immunocontracepnien in cervids is e adhovant of
choice, Beciuze of the eveluttonory conservadon of the spenn receptor, PEF 15 u
poor immunoegen, and successfiz] contraception: relies o an effective adjuvenl 1o
enbince the vacoine’s immunogenicits, A great deal of the vrgimal appheation of
PEP in wildhfe hus utilized Freund's Complere Aduvant™ (FCA) [Rirkpaisick el al.,
1996, |, which 5 regurded a5 the “gold standard™ among adjevants [Beonel el
1992]. In these species for which reliable tuberculosis wsts exist, FCA carries wilh il
e posabiliy of cansimg TR+ (ests followang (s use. Also, theve i= histarieal dari
derved almest exciusively from laboratory enimals indicating that the we of FOA
G lead fo abseesses |Broderson, 1989 Thus, thers iz a elear nead e identily and
st nilernale adjuvant systems.

'l presenl studies were underioken 1o 1) recvaluate the contraceprive efficacy
of the PLP vocane i fablors deer, 21 examing the B=cell-mediared humoral immune
response i this specics in response to PEP treatmant, 3) st thres different adiuvani
protocols, and 41 attempt to limit fran producton inoa caplive herd of fallow deer

METHODS AND MATERIALS

aAnimalz

Twa different populations of fallow deer were wsed o Uis stedy, One
population was lecited m Coopersiown, Mew York, under the supervizion of the
Clark Foundation, and wag housed -|-_'1|.'.'|'=|-_i1'|.'|:|'_-.' pabdoors pnog E9-hn pislime Ench
armrnsl was cdentied wath o II.rI'.L|IJE'I:_~' rnumbered sar (HITS I'hese pnurmbers were
grbitrary Bnd wsed only for TB-tesung records, and theres weore no age rcoords
wssocitled with the numbers. This herd was essentially mangpged uz a fres-rancing
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herd, although there was & perimeter feace. A oumber of ammals were siumpled
unnitally Tor tuherculosis testng and cach unimal wis gven an intramsscala
imjection of ivermectin (Tvomec; Merck, West Point, PA) The entire hend [ed on
pasture prisses uond was given grain at a rate of 068 kr/doer'day, und a single bole of
gruss hay onee per day in the surmmer and two bales per day in the winter. Duning, the
course of this study, the popuiation ranged from 38 to 54 wnimals. Poor o Lhe sl
of This project, managers did aot collecr fawning datn on mdividwal does; and Do
constraints did not permic pairing individusl Tewns with mothers after the project
began. The second populntion of moe animals was displayed at Belle Isle Loo, o
component of the Detroil Zookogical Tnatitute. These nine animals (all nonbresding
it fermmbes b wers derived from a wild herd inhabidne Belle 1slund, and (he age of
onky one animal was known (7297, horn in 1999). These nine doss were used [or
antshoddy Lter wnalvas and o comparizon of adjuvants. Each animal wis tdentified
wilh |,.|:||jqur.:|l.- pikiikered eai tag.

PZP Yaccine Preparation

The native PEP anhgen wis prepared-at the Science and Conservation Center
{800 ZooMontwma, Billings, MT) from pareine ovaries by the modified methods of
Dunbar et al, [1980], The PAT antigen was sereened for porcine viruses by the USDA
laboratory in Ames, Towh, and for pathogenic bacteria ut the SCC. The undigen wis
tirated 1o 68 pe doses, stored at—H7C, and (masported frozen o the site of wse.

Treatment Protocol

Crver the course of the 2vear siudy, 65 deer lrom the Cooperstown herd were
treated i AupustSeptemaber, o 1998, 19 deer (2008% of the berd's docs) were
treated with cither (1) three inoculstions of 65 pg PEP in 0.5 phosphate-baffered
saline {FPES) cmulsified with 0.5 mi Freand's Incomplete Adjuvant™ (FIA} (Sizgma,
S1. Lowis, MO, 45 described by Karkpatnek el al, [199495] spacest approzimately 2
woeks upari; or 21 with wn amibnk mjection of 0% pg PAP in iml PBS+0.5ml
Freand's Modified Adjuvant™ {(FMA; Calbiochem, Inc., La Toly, CA) followed by g
singie inoculation of PZT+ FIA 2 weeks later. Treated animals were given booster
mocilations of /% pe PFP+ FTA in August/September 1999, 2000, and 2000, ad
new animals were started on teestment inegch ot those years as well, Al inoculations
wizke givien on the right side. Blood was collected during AuguslSeplember of sach
vear, Theer were restrained in a dropechute nod bled by jaguloe venipunsiuge in j-cc
tuhes, Blnod was collected at the time of the maal PEP inocelation and then ax 12-
manth ineereali:

Inocotation of the nine Belle Taland decr was camisd ool with an it
imcubalion of A5 g PAP+ FMA, followed by a second inoculution approgimaiely 2
weeks Tnter, nang cither PZP = FMA (n=51 or P2AF+ FLA (o-4). All annuml booster
mocobi s i subsequent vears-wore carried out with PAP+ FIA, Thus, across the
o populations  comparisons were made between three adjuvant protocols:
1% PP~ FIA; | x PEP+ FMA followed by [ = FLA; and 2 « FMA, All inocula-
o swete given Lm., on the laft gide, in the semitendmaosis or gluteal muscles. &nd
S-ml blood samples were taken during restruint in a drop chute
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Anti-PZP Antibody Analyziz

A wotal of 2 ml of Weod was collecied i serum separator Tube and serum was
stored frozen wntil assay. Antthody tlers were measured by the methed described b
Bymarm {2001]. with modifications fur fwllow deer. Hear-zolubilized PEP prolem was
difuted o & coneentration of 130 pp'mi i PBS and then further diluted in coating
buffer (0.1 M Na-C0y, pH 9:6) using 138 pl of the difuted PZP solution and 225 ml
coating buffer, Then 200 i of rhas dilutien was placed incach well of & %5well Munc
plute und incubated nvernight al 47, Blunk wells contained only coating bufTer
Alter incubation, the plates were wished thres tmes wich PRS-005% Taeen boller
A blocking solution consisling of PBS-0.05% Tween and 1.0% gelatin was placed
inte cach wetl and incubated 1 ke ot 170,

The plates were wishad Fve fimes with 200 gl of PRS-Tween boller ench time,
tolfowed by the addivon of the primary entibode. Initial dilutions of relerence,
contrel, and test sera were made with PRS-0053% Tween-00 1% gelatin amd incobatesd
L3 hr at 37°C. After the plates were washed five times with PRS-0.05% Twesn
buffer, & 140G solution of secondary antibody, eousisting of anti-deer 1gG
conjugated to alkaline phosphuiase enzyme (Kirkegaard & Perry Laburatories,
Craithersburg, MTY diluted o PBS-0.05% Tween-0L 1% gelarin wias added 1o each
well (200 pliwell} and incubated 1.5 br at 37°C. Following incubation, plates were
washed three limes wilh PES-005%, Tween buffar and then twice wilh PBS.

Finally, wn enevme substrate solation (200 ji0ieelly of 001 M So OOy, MaCls,
L0 pind penitropheny] phosphate (Sigma Chermeal, S0 Lous, MO, was added to
gach well and allowed to react for 30-60 min al room temperature with gentle
shakimg unlil absorbance of the positive reference serum resched wn oplicsl denstoy
of approsamately 1.5, After color development the plafes were read at 405 nm on &
Mulecilir Devices Model Emux® spectrophotomerer (Molecular Devices Corporu-
tion, Sunmyvale, CA) using noncoated wells as magenl blanks

All lest sery were arsayad in duplicare and expressed us a percent of the positive
reforonce sera, which consisted of 2 pool of sern from white-tuiled deer that had
demoenstrated ant-PAP titers in the high-pesative rinze (menn of expenments! serum
phsorbance mean of reference serum absorbance), ond hod ool become prognant
following treatment. The difutions wsed in these determinitions correspond 1o the
itution of the reference sera giving 50% maximum binding, Differences m antbody
titers were fested for sgnificonce by Fisher's cxact tost for contingency (abley
[Mlcitulsiy el al,, 200 ]

RESULTS

Among the does of the Cooperstown herd, fawning rates deopped Trom 63.4%
im T99E, nfler only 100 of 4% adult Females (2008%0) word troated, oo 6% in 2000, alter
3 of 61 adalt Temales {96.7%) wene Irealed {Tabke 11 Lingar rerression anualyvsis
showed an r=0.9908 correlation Barwesn percent of does trealed -and  tawne
pro<duced over the 3-year pecod of the study, Premmmuonization anibody titers were
A% A% (SEM) (n=15) of positive  refesence standards, '] ]1_¢:,' ToveE Lok
5% A0 (n=100 ar 4 woeks postimmsniztion [or 2 weeks Tolliveang the s
booster ineculation), and continwed oo mise to GACF% 3 01% (n=47) ar 12 montls,
and g KA HEM, = 6.2% (n=211 uf 24 months {Fig_. 1),
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Fig. 1. Aae-PP antibody ers o e Cooporstowa Fallow dece over 24 svontha, Titers ars
gven as i percenl ol & sebarcaee atmdand Tor FEP-1rcaned white-tailed degr thot did not fuwn
afics Lreatasait,

Al 12 months postimmurization, anttbody Ulers Qor deer ommeed with b
FIA (o8] were 52.6% 4 68% (Table 23 They were sumnilivantly liss than the
fomr Helle Igland  decr  immonized  with  two inocalations of FMA<-FIA
(114 8% 4 1],y P=0u0006, ==4.90), and alsn significantty Tess than the four Belle
Taland deer immenized with FMA -FMA (11304 LE 4 P=000ET, i=4, 8k, Alter all
animals had been given a single booster of PLP+FLA al yeur 1, the dilfercncs
botwoon titers o the 3= FIA group (75 1% =7.0%) and the FPMA 1 FLA
(R 17 4% croup was oo longer sigmificant (P04 1 ULER), Tn contase,
the second-veur Gters for the FMA + FMA group (11021180 were stgmificantly
higher than the second-vear Glers for the 5 < FIA group (75.1% = 705, P=A0],
t=3.0). By the second wear there was no sigoificant difference hetwean the
FMA+FLA grovp and the FMA - FMA group (P=0L67, 1=(L44)

Thers wers noo henlth problems associated with treatment during the study
penod, wped oo abscesses or granulomas at the injection sites In ooy oommals.
rerardless of the pdiuvant profocal ose:d
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TARLE L. Anclbody titers for Belle Daland Falluw deer®
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by antibacdy titzrs antibady titers
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*Antibedy Gter valoes are given as b percenl ol the ophon] density for refoisace sseam
gtandzid Ton PEP-tzated while-lzibad deer which disl noc prosfees fiowns, ATl poimals wede
piven FMA for the intalinoculation aod bester inoculition adjuvanis were either Freond's
Ioeomplete Adiuvant™ (FLAR of Freuod's Mol Adjuvan™ (FMA)

DISCUSSION

AT angculated Tuflow dess 1o boih populations, regardless of the adjuvant
protocsl wsed, peosdeced ani-PET anbibodies m msponse o the PEZP-adjuerant
inocuiations. The peocdoctan of ancbody lilers oourred with the sume vigor and
over appromimeacly thi same time Transe as was previously observed 1o other cervids,
including white-gailed deer [Turmer @r al, 1998; MoShes el al, 1997 Milker =t #l.,
200, wapiti [Garrott et al, 1998], Formosan stk deer, axis deer, munysc deer,
Reagevelt Elk, and sambare deer [Kickpatrick: el ol, 19968] Tiers rensrated ot 4
weeks postinoculation, alter 3 « PZP 1 FLA, revenl u stalisticully sipmificant response
after the imitial priming inocualion and @ single booster 2 weeks later. At this time,
Tevwerer, no “eonlmeeplove Thresbold viluoe” bas been dedermimed For antbody ters
For Tallow deer, as wis done previously for horses [Loo et ol 19890 Thus, the second
bocster at 4 weeksis prolakbly secessary for some assurance that nommals wall remam
infertile Tor a wear The d-week tme Mmame Gor sigorficant wolibody Gters o appear
alse indicates fhit treated fermales should pot be placed buck with males (or wi lens) &
wizeks, if the hreeding scazon i2already woder way

Hewever, the presence of anti-PET antibodies alone  does not ensure
interfcrenee with fertilization and infertlicy [Paterson e al, 19985 Trsad el ol
1994 ], That these antibodies can canse infertility in fllow desr s demonsinatad by
the dramatic deerease in fawning rates among the Cooperstosn eed, Thoas, it may
bz concloded that well-clevated anti-FEP andibodics in fallow door are associsiod
with infertility, and, bazed on other studizs of the PAP vaccine [Makana ot al,
1994], it can also Be nferred that the infertility results from interference with
ferrilization,
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One of the migor diticulties with 1he application of the PP vaccine in wildhife,
capuve or otherwise, 13 the need for muliiple inoculations during the firse vear of
treatmeent. In previous experiments with horses, FOA was used for tho initial
moculaticon. This adjuvant was sufficiently effective to permil | yeur of etffoctive ness
with u single booster it 1 month [Kirkpairick et al, 1990], However, in specles othar
tham equids FCA may cuuse false-positive tuberculosis tests, becuuse of the
incorpomition of dried cell frapmenits of A veobpcterinn rubereubmis in 1he adjuvent.
This is unucceptabie in captive wildlite populations. To overcome this probiem, the
applicittion of FZP i captive wildlife hag most often ulilized three inoculilions usng
FTA [Kirkpatrick ct al, 19965), which doos net cause false-positive TR Lests,
Homvever, FIA is such @ weak sdjuvant that three moculations are necessary the first
SEAT

The use of FCA has been associated with ubscess ftrmalion in laborasory
amimils [Smith et al., 1993] und in horses when given in the seck (LK. Liu. peracial
commumication]. When given in the hip, gluleal, or semitendinosis muscles, this has
mirt been w problan in witd horses [Kitkpatrick el al, 1990] ar other captive |Friskic
and Kirkpatrick, 1995 Kirkputrick et ul. 1996%] or free-roaming [Turner et al..
19941 waldlafe specics. Mevertheless, somc concern  remaind regarding  abusoess
formarion, In the present anedy, no wbscossoy necurred, which demonstrales Lhe
safety of FMA snd FIA in this regard when administered tn the semitendinosis or
rluteal muscles

The wse of FMA i the initial inoculation, and a single hooster inoculation
comtaining FIA it the first year produced high antibody titers and necessitared only
Iwo moculations. The tiers observed following this protoesl were statistically
significantly higher than those penerated with 3= FLA at the end of the frst Vear,
anel there wus no danger of Glse-positive TB tests bevause FMA contains the dried
cell walls of M. butivicum miber thun M. swerewlonz, When the protocol of
2w FMA was wsed, antibody titers were higher than the 3 = FLA in bath FeiTy
1 gnd 2.

Although the ¢ouses for the earlier contmaceptive: failure with Fallow desr
remuun undetermined, o is unlikely that they were biological (n nalure Reversibility
dati fur trewtment effect are corrently inadequate, but based on [rrevicas sindies with
white-luiled deer and clk [Turner ef al, 1996, McShe e al, 1997, Shideter o al.,
2002], Tertilily 15 expected to relum us antibody titers fall over time,

COMNCLUSIONS

| PZF vicone delivercd to fallow deer bm. causes w sizniticant antibody
response thal [olfows & tme coorse smmilar o that in other PEP-treased
wervids,

2. PEP vaccine <ehversd o fallow doer is issocialed with a-decline in fertility,
s evidenced by declining Drwoing rates.

3 Contrgceptive 2P trestment of Tallow deer requires cither  thres
invculutions using FIA or lwo meculations using 1) FMA for the initial nocubsion
and FLA for the booster, or 2} FMA for both the mitel and hooster inoculation
dunng the first vear of treatment.
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