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A COMPARISON OF FREUND'S COMPLETE AND FREUND'S
MODIFIED ADJUVANTS USED WITH A CONTRACEPTIVE
VACCINE IN WILD HORSES (EQUUS CABALLUS)

Robin O, Lyda, B.S., I. Ron Hall, B.S., and Jay F, Kirkpalrick, Fh.Db.

Abireacs: Fiftsen captive wild mores {Egums cmbailug) were treated with parcing zomi peliucida contracegti ve veccin
s sither Freund’s Complers Adpovant {n = 71 0 Frosmid's Modified Adfjuvant (n = B Adl manes receival o bacste
{noculation of porcine sons pellocids plas Fresnd's ncomplete Adjuvast o awanth laser. Anli-poncine zona pellucidi
umEibodies wire easured aver |0 me fullowing the inial irocetwiion, There were no sipnifican! dilTerenses nantibod)
bibers AL any point daring the 10 o, aeed seven of the eighl mese in the Freunds Muodificd Adjovans group wen: gboa
Ui G055 level ot the and of the sudy, which is considinsd 1o e The contraceptive thiesholil for horsss, Thee wers: of
sipnificant differences in Glers henwesn pregnanl amd nougregnam arses, moc was thens & signiflcont cormelntion beawenr
sge and Giers, One bocul ingocsion site reaction oored wifer boosier meatmesl & ith Freund's [moomplet: Adjuvant
ard 11 heslthy foals wers bom during the courss of the svedy, These data suggest that Freond's Modified Adjusan j
an sccepinhle substitube for Frened's Complete. Adjuvsnl @ cerfain freeranging sel vaptive wildlife species
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INTROTHICTION

Porcing zona pellocida (PZF) cpitopes hnve been
used eifectively as n contraceplive vaccine in a
wide wvardery of captive and frec-ranging wildlile
pecies over the past 15 vy It is the evolubooury
comservation of the mummalisn sperm recepior,
from which the PEP meolecule s derived in pigs,
that results in this cllicscy noross many oeEnuialan
species, bul the bomobapy of the sperm resepior
epitope across specics has also rendercd e FZF
viccine o poor pnmunogen. Thus, the efficacy of
the PZF epitope a5 an immunocoutraceptive de-
pends oo the cifectivensss of adjuvanis with which
il 15 used.

Poscing zomn pellucida bog becn used in cape
tvel and free-ranging wild borses (Bguus cabal-
heg -2 e 1958 with n high degres of ef-
ficacy. The adjuvant of choice has been Freund's
Complete Adjovant (FUA) for the initial inooula-
tion and Fround's Incomplete Adjwant (FLAY fo
subsequent booster inoculations. The 90 or gecat-
er efficacy resulting from the we of PEP with
FCAY ks not sarprising because this particielar mi-
jovant is viewesd as the “gold staadand™ among ad-
juvants.! However, the usc of FCA has. mised con
cerns hecause of pao potcntial skie effects, The first
conmoermn arises frem historical data, derived abmost
excheively from laboratory animals. that inchise

From the Science amgl Coneeryaran Cemer, 2000 South
Shitoh Bosd, Billings, Montass 391086, USA (Lyda, Eirk-
aericky; and Bursay of Laod Manegemend, 12320 Finan-
cail Bhwd, Beno, Mevade RESIE, U5A (Hall k. Comesspon-
dence should be sibdnesed oo O Bidcpadrick,

the use of FOA con lend m injeclion SIEE reactims,
inchuding open abscessos, ™ The second comcern 18
that the FCA can cause false-positive wberolosis
(TH) test resulls in treated animols. The - prmary
adjuyant ingnsdicnt in PCA s the dried Fractionased
cell walls of Mycebacterium mbercalosix, and al-
themph it et as @ powerful nonspecific mmone
simulant, il can also coose antibodics against the
TH orgamism.

The tssae of POA-imbuced Injection site reiclions
amd abscrsses has been stndied o both wild horses
and caplive exofic species ib 2008, Among wild
horscs on Assniesgue [skand Mational Seoshore,
only three ahscesses uppearcd afier 381 realmenis
(0.007% ), arad one of these appeared after frealinent
with FIA rather than FCA.T In nnother siody,™ 60
wild mares receiving e standord bwo- ineculation
protecol of PEP plus FCA followed by PP plus
FIA ond observed o captivity daily foe | omo did
vt Form o single abscess. Among woo anfiimals
tremted with P21 | 185 trestments witl cither darts
or hand injection resubted in a bidal of 16 abecesses
(LOEME) (). B Kirkpatrick, unpobl. data), Twelve
of theose abmocescs nocurred following oculations
with FCA, three with FIA, amd one with o differemn
adjuvani. In conbrst, PZP plug FCA inoculationg,
given in the neck of horses, results in a sigeilicanily
higher oecwrrence of abscenses {1 K. L, pers
comm). Thas, It appenrs that, iF the FEF plus FCA
Irestmeat 18 given exclusively in the glutesl of hip
muscles of lorge ungulates, mjection site repctioms
age nod @ significant problem. Despite thess dala,
U, 2. Department of Agricubiore (USDA) oflicals
overseeing wild horee safety issoes persist in their
cpposition we te use of FCA

G0



L¥TrA ET AL, -ADIIVANTE FOR CORTRACEFTIVE WAl HNES

The issue of the potential flse-positive TH 1=
results after FEP plis FCA freniment 3 & serioos
issue with many species, pariculady cagtive exotic
specied ot 2005, Thowever, ao relighlz eat for TH
exists Ln cquids, and the use of FUA n these tx,
unel wild homses in particaloy, reproscihts a8 moot
point. Mevertheless, ST officials persiss in res-
ing this issue and even the possibility thar one diy
a rellnhles test might exist. This problem was soled
in poo unimals by substiting Freund’s Modifed
Adpuvant (FMA) for FOA. Fround's Modified Ad-
juennt relies on the freepe-dried froctionaisd ezl
walls of Mycobacrerium bufyricur, a hacleriom
commonly Tound in rancid buites, with no kRown
aseoclated pathobogies, As such i canoof cause
false-positive TH fest results. To date, however,
only a single study of FMA that examines nciual
antibody fiters, as well as consaceptive efficacy,
has heen condoscted with lallew deer (Cervs
damals Tn that study, PEP plus FiviA folloaed by
a honster inoculation of FEP plus FL& praved as
efficncinus A& #0 inital reatment of PEP plus FLA
followerd by two booser inoculations of FZP plas
FIA, but no companison was made aith POA.

The purpose of this smdy was o compare the
effeciveness of FCA wilh b of Fhd A in the wild
horse, baged oo untibody tiers against PEE The
hypoihicaks, hosed oo previous woark oo COBtTcep
tve efficocy in zoo salmals and fuliow deer? was
that FMA woald not be as effective as FOA in
terrs. of Twising ani-FEP antibodies but that the
differenoes would not be significant with regard o
costraceptive antibody diers,

METHODS AND MATERIALS

Andmnnls

Fifeen captored . wild marcs, 616 yroof age
wizie apdomly selected from several herd manage-
icaid arens nnd hoawsed at the Bureaa of Land Bun-
agement holding facility at Palomino Valley, Me-
vadn, They wen: selecterd on the basie of (1) gooed
health, ond (2) nonmel reproductive age classes, Mo
determination of pregnancy stalus was masde. Amni-
mals were housed in e paddock of approximately
3300 md, which provided for doily exercise and
freedom of movement. All marcs were wocmed be-
fore the apset of the PEP treatiments and given e
porrnal spectrum of Boreaw of Land Mamogerent
vpccinations, neluding Strepguard {Baver, Shaw-
nea Mission, Kansas 66216, USA), Encevas (Bay-
er, Shremee Mission, Kemeas 86210, TISA) FluVac
{Wveth, Madison, New Jersey 07040, L'SA), and
Imruh (Megdzl, Duluth, Georgin 300896, USAL
along with approprine hoostess. Animals wers fed

fil |

dailv with allatfs hay, ond & salvmineral block was
avnilnhle et all teees, For inital treatment, booster
weamment, and menthly blnod collections, the and-
mals were partially Immobilized in a hydeaulic
squeene chite. & contract veterinorian wis on T
thoouphout the trial, Animols were sxamined daily
Iy n BLM employe:,

PEF preparaiion

The native FEP antigen was prepared at the Scie
ence and Conservaton Cemter (SO0 af Foo-
Montana, o Billings, (rom porcine avarice! Tha
PZP antigen was screenod for porcing viruses by
the LISDA laboratory in Ames, Towu, and for peth-
cpenic bacterta at the SCC. Cralitrive amalysis
was corried out by means of polyscrylamide fel
electrophorests (PAGE), und pesmanent images of
the gels were stoved on compuicn, The mniigen wos
titrnted to doses of 00 pg in 0.5 oo phosphate boff-
er (pH 7.0), stored at —44°C, and mansported frozen
o Pulorming: Yalley,

Treatment protoecol

Seven anbimals received an inftial inocukation of
PP plus FOA (Sigma Chemical, 5t Lowis, Mis-
gourd 63178, TISA) The 0.5 ml of PEZP was emul-
sifted with 0.5 ml of FOA ps described' and riven
intammscularly i the hip or pluteal moscled by
frand injection. Eight mares recedved an initial tit-
ocalation of PZP plus FMA (Calbiochem, Tnc., La
Jolla, Califoroia 93039, USA), prepored and ad-
frinlsterad in the ssie manner 35 deacribed albove
‘The FMA contains 385 mgfml of bacterial cell sus-
pension suspended in 85F Drakel 5 NT and 15%
Arincal A, nannide monoclesie oil. Tuweily-seven
dnws later all 15 mures received n hooster inoculn-
tem of 100 pe PFP plus FLA (Sigma Chemlenl, 5.
Louis, Missouri 63 17K, USA), prepared and sdmin-
igtered g described above, Fach 1 md of FIA con-
taing OUES mi of paralfin off and .15 m] mannide
monanuclepre. A 5.0-ml venous bisod samiple wus
collected in Corvee aterile sepsration ubes at the
time of = initial and booster inoculations, There
after, g hlsod sample wns collecled every month (al
approximate I0-day intervals) for % mo. Serum Wag
harvested wid gfored Fromen untl]l shipment w e
SCC.

Antihauly liter snlysis

Anti-FZP antibodies weme quanfiimlpesly  ans-
fvzed? Heat-solubilized PEP profein was difuted 1o
& concentration of 130 pg/ml in PRS and then fur-
ther diluled (i coating buffer (1 M NaCO,, pH
0.6} pking 138 ul of the diluted PP soluthon and
225 ml coating baffer; 200 ml of this dilvton was
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placed in coch well of a 96-well Munc plate and
incubeated overnight ot 4°C. Blank wells contained
only coating buffer, Afier imcubation, the plates
were washed three times with PBS-U05% Tocen
buller. & blocking soltion consisting of PRS-
0.05% Twesn nnd 1.0% gelain was ploced inio
cach well and incubated 1 lr at 37°C.

The plaies were washed lve tmes with 200 @l
af PBS-Tween buffer, esch unse followed by the
addition of rhe primary antibody. Indital dilogions
of reference contrel and lesl sera wese made with
PRS-0.05% Taeen-0.1% gelatin and incubated 1.5
hral AT, Afler e plases were wathed fve times
with PES-0.05% Tween buffes, a 12400 solution of
andibody, consisting of ant-horse 10 conjpugsted
o alkaline phosphatase (Kirkegnand & Perry Lal-
epabories, Gaithersburg, Moryland 20879, USA) di-
lubed in PES-0.05% Twesn buffer. 1% gelalin was
arbded o cach well (300 ebwell)y and incolated 1.5
hr at 3T, Pollowing incubation, plsies were
washed threse fimes with PRS-0U05% Tween-0.05 %
Tween baffer and then teice with PBS.

An enryme sohstrate solutdon (A0 pliwelly of
00 M MaC0y, MaCl, H, and p-nitrophenyl
phosphate (Sigme Chemical Co, 86 Loois, MO
GAETR, TI8A) waus added 1o each well and allowed
to reaci for 60 min af wOom emperatnre wilh
gentbe shaking until absorbance of positive refer
enca serum seached an optical density of approsi-
mately 1.5 Aler color development, the plates
were read ot S mmnoon @ Molecolar Pevices Maodel
Fmax spectrophoiemeier (Molecolar Devices Clor
poration, Sonoyvale, CA Q408D 115A) using ndn-
ooated wells as reagent blanks.

All oot sern were assayed in duplicete and ex-
pictsed as n percentnge of the positive neferonce
sera, which comsisted of & ponl of sem from hosses
that bind demonstraied anti-PEP tiers i te high-
posifive mnge (mean of expenmental sorim abece-
bhancefmenn of reference serum sbaosbuscs) and
hinel et hecome pregnant following Weatment. The
dilutions el in these determinaions cormeapond
to ke dilwtion of the reference serm miving 5008
i bapding

Stztistical analysis

Drifferences in antibody riters hetween reatments
with FCA and with FMA, at sach mopth ocross the
12 o of Uwe stisdy, snd for differences belween
pregnant and ronpregnont animals, were tested o
sipnificance by Fisher's exucl est (or comtingency
tabiles, by the Tukey-Kramer Multiple Comgsarnson
pear, and by unpaired lest with Webchs combeiion
applied ® Comelntions hetween antibody thers and
woe wore tesped for significance by ANOVA,
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Figure 1. Mean adi-FEF antibiodly Lilers in capbive
wild sy cressed with PEP plus FCOA (o = 1) or PP
pluis. FMA da = H), over o 10-m perial There were na
wpniticent differences (F == (L05) beiween FhdA- and
A treated mean Lilers # any podni in the 10 mo ol the

sy,

RESULTS

Across the 10 me of the swdy, e animal
(37T presented an injection sile reaction in the
form of an abscess, This abscess was approsimately
25 mm ln diameter and appesred on 14 lanusary
2004, or | mo following the FIA booater inociln-
tioan, Ir drmimed and heanled watboul incident, Amti-
FZP pnithoy titer values for individual animals are
given in Table 1, and the oean antibody titers for
the 15 mares ond the ssguential dise and fall over
time are llnsieated in Figure 1. Although tiers were
consistently higher in FMA-inmated marca, there
were oo significan) differences (< (U0F) in tfers
at any time in the |]-mo cownee ol et study, po-
pardless of the statistical test applied. Peak wters In
heth treatment groags wens altaissd from 30 o G0
s Following the FlA booster imsporlation wnd de
clingd tusrealer until the 9-mo posthooster inoc
wlatkon.

The rangc for tilers in the FMA groap ol Jaimiary
2k, the point where highest fters were prideced,
ard Cletober 2004, a8 the conclasion of the study,
were 120% and 77%, and | 14% and 20% of e
posilive referemce standard, respectively. Te FRLA
group bhad ope snimal tha wis cleardy & poor re-
gpoider (4304, nge 16 wry, ved the mean chiers for
the cight FMA animals were not sigoificantly lower
thpn those in the FOCA groug desploe this bins,

Eleven of the mures wen pregiant & (he dme of



Table 1, Amil-PEP ontibody titem for wild manes tresed with PZP plus Froues)'s Somples Adjuvant (0 ar Freund’s Modifiod Adjavant (B
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» Aglibody Tier vahine wre given A8 o perceninge of & positive refereiice sienderd

initial inocalation, including four in the FidA groo
ond sevien in the FOA group; aod all [T mares gav
hirth e healthy fonls from 4 to 6 mo followin
iniin] tresment, and o1 foals were weoned in O
wher 2004, Antibody riters at | mo. post-hoosi
inoculation, wikn fiters wers the highest, for ih
four pregnant mares reated with FMA ranged [roe
7t Bl TRe; those for the tour FRA-treated nor
prognant mares were 1 109 o TE%, and the diffa
pace hepween the two groaps was ool significant]
different (F = 0.6} Mor wer titers slgnificontl
different bersesn the foor nonpregnail mares e
od with FMA axl the seven pregnant mares freales
with FCA (P = D107, There was o significic
coprelntion herwean antibody titers and age af sithe
1 mo post-booster inoculstion (r = —0.23) or
the lenmination of the smudy, st 9 mo posi—Booste
imcecalation {F = —TT)

DISCUSSTOM

The zingle injection cite repction fue the mar
ireated with FMA plus FIA |5 consistent with pre
viopa dom for FCA in wild homes" and for FMy
i fallow deer® und other 2on animals.®! This is ne
gurprising, comsidering thor almost all litemore =
porting injection sile reactions for FCA has beer
comfined 1o smnll abomtory animaks ®!

The paticen of temporal changes in antibody T
ters Follows patizens seen previoosly in o nikibe
of species tnzated with PP plus FCA, includin
b 20 white-gailed desr (Chlocodlens virging
a2 amd several species of exetic cervids,
with penk antilsdy tifers occuming 1—2 mee folhow
img booster msoeculations.

The duration of confreceptive e considere
sdequate for contraccption is of mnterest to wildlif
manapers, porticulady i the case of [ree-ranging
wildlife or large expansive game parks, when
plivaieal acoess o animalg is limited and boosee
ingeulaions are often difheol o give. The “con
iaceptive threshold™ Tor mast species is ko0
kmvowwn, hut it has beco genemlly accepted that it i
approximately 60% of serum reference stambards b
horses. ™ Seven of eight animals treated with FMs
mnkntalned concentrativns of antibodies al o albow
thiz level throughoet the 100 o of the sy, i
ihree of sevein animals in the FOA pronp were a
o phove the &FE level af 10 mno, This s ako con
wlatent with results from & weriety of fiebd sodis
with wildl horses with FZP phss FCA, whore e
cusaful reproduction was the endpoint und the in
poulations nre given by oo after Movemibee 27 The
FRA group contoined one poor immmine respoads
ymnare #4304, yod this did not bias ghe overnll oul



hid

come of the study, attesting to the efficacy of the
FiA,

The antibody Lier valies resulting Frons this
study “alse demonstrate the individual diflerences
arnoig Individoa] animals within teatment groups.
The W% efficacy seen in other stodies with wild
hopscgFEDINE  Slpsis g vaniely of echnoical
probdems associated wilh delivering the PEP vac-
cine, inclading poor mixing procedunes and sef-
fective dart delivery, but individoal variutios ib the
A resprnse i e vaccing is chearly a biobkog-
el factor oo, Althoogh most reated animals will
etifl mmnintain contraceptive antibody tiers, despite
the differences. n few animals will always represent
poor immune respondess, and titers will &l below
contiaocptive levels.

The hirth of seven bealthy foals from manes
preated with TOA and Four from mnres treated with
FMA duoring the preghancy is comsistent with ar-
lier resulis witl wild horses™ "2 and e birh of
healthy young 0 o variety of zoo apockes (reaed
with FMA diring pregnoncy.?® Tleese rezalis are ool
unexpecied, considering the proposed mechanizm
of contraceptive action for PEF, but these dotn sup-
port the current iden thot FRA hss no effect on the
health ur propress of the pregnmecy cither, With
wild Barses, any orther fres runging epecies, and on:
iinals in game parks, dispnosie of pregnascy s ol
alwearys prssihbe belons eatment; this, safety ississ
regarding adminisication during pregnancy are o
Importnce.

The most surprising aspect of the shudy was the
consistently higher titers for the FMA group despite
n Inck of stukistical significnnce. Dogma within the
figld of immunclogy genernlly views FCA as the
masst effective adjuvant svailable; thus, the similar
performance of FMA in this stdy was nol pre-
dicted. This is advantapgeous becnuse e cell walls
from M. buryricum, the active ingredicol in FMA,
pre derived from on orgamism with no ideatifiabde
pathologies associntecd with it in the published lic-
gramare, This smnll stasisticslly Insignificant differ-
ence may be an arifact of the fimited oumber of
arimnly in the eudy, but it appenrs clear tht FhiA
will produce conbraceptive antibody titems as well
ns FCA.

The horands of varbous adjwennts bove been fs-
vigaed ® and the characterietica of the ™ideal™ &d-
juvont hove heen discugsed clsewhere® nnd include
& lack of tocd] snd systemic reactions and also the
ahility o elicil significant immune respoases with
wenk antigens, Auch &3 the noomicrobial FEP gly-
coprotein, It would also Iack corginegenicity. The
current study indicates that PMA mests the fimst (wo
of these chorucieriatics. The [%5 Mational Best
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uality Audit reported that 11% of cottle inoculuted
with FIrA- o USDA-approved wacucnes producesd
injection site resctions, including long-lasting le-
sioms and abscesses™; however, they ame ndod ooa-
gidered 1o b & threst to food safely.=" In apsther
gty the incidence of yjection site reactions in fed
cartle ranged from 3.2% 10 21.6%, wd in wonfed
cattle from 2E9% 1w 40.9%.2 Meither FCA por
WA has bocn mesociated with mies that Wigh in
either captive exotic species or wild horses. The
zingle nhscess appearing in this study eocurred near
the injection site for ke series of mutine prophy-
lactic waocinations given just before the PEP inoc-
ulativms, coafounding the cause of thal ehscsss
Cpe serious conasquence of ahsoess Foroation s
thot the antigen will become encapsubated and be-
come pootected from recognition by the fmmuse
process. However, the aniowsl with the sbscess pro-
duced antibody titens that emained well above coa-
traceplive bevels throagghoul the stsdy.

Sull apother comcern with any adjuvant is the
peesibility of cassing suiimmune dizeases, which
have heen detected after inoculation of dogs with
commercinlly available vaccines for canine distem-
pe, rabies, ond parowinus,™ However, it has preve-
pusly beocn shown thot PEP docs nob cross-reac
with aomatie tisswes or pootcin haormones in
epuids?’; thaes, the issue is a moot poing for either
ajuvant in tis stady when it 35 wsed with PZR
Finally, the issus of injection site reacticas must be
viewed with a coocem for adverse reactions but
also plnced within the framewsork of benelis versus
lazards, Considering the problems associabed witly
exceskive animpl populations 0 clther @oos or on
wild horse ranges, the isue appoars (0 be of mimor
foncEm,

Tl third issve, that of carcinogenicity, requires
boayger-tenm shdies but must also be ynderstood o
terms of nonapecific adjprvants. Adjreants, in pen-
eral, may couse lesions thal become metastatic;
however, it 13 the pensral inlaimoalory pesponse
that leads 1o e lesion? and nnt the adjuvant per ss,
Currendy, no specific USDA- ar FDA-approved an
imn] vaccines, meardless of the sdjuvant ased, ap-
penr to be associated wilth sarcomes.=

In the cpse of FCA, inflammatory responsss ang
meduced by lowering the concentration of the moy-
cobacterial concanteation from (L1 w 0.05 mg/ml, =
Vaccine-assoclated sarcomns are also often species-
pelabed, as in the case of felids ' or associated with
repeated vaccinations af the same site.’ In thiz Cas
ol EWA, the concentrtion of AL Decrericaess is 001
mgdml, but after emulsification with the FZF, 1he
actual waccine containg onby 005 mgfml, a level
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thast s ouglt o @eold or sisnifcantly redoce the
incidence of inflamrmatory responses with P4,
The quslity of the PZP-FMA emulsion g viml
to che suecess of the voocinution. Oil-based sdjo-
vEnts, such as FMA, provide a vehscle for the trans-
poration of the vascing o the splecn and lymph
nosdes umd througlweut the Iymphatic system, there-
by enhuncing Lthe immupe eEponss, Additionolby,
oil-hmsed  wljsvants  promobe the formation  and
mumber of mormoclear cells Uiat are I".'.-B'pllHlEibh:
for the prosduction of antibodiea.!! Colbectively,
thase chammcteristics of FMA oy explain the wm-
slly good immong eaponss seen in this study,

COMNCLUSIONS

The sndi-FEP amibody titers prodaced in this
study belp 1o explaim the success of PEF in wmany
specics of 200 animals when freated with FRA as
e adjuvant, based on contmeeptive resualts ahome,
The use of FMA a8 the adjweant of choice with PEP
alao appenrs o be without risk bo pregoont anioeals
af o e affected by presnoncies with regand G0 cod-
waceptive efficncy. The lack of possibility of posi-
tive TH fest resnits from amimials reatsd with Fida
maks this an acceptable adjuvant for cagtive cxotic
species s well as for o variety of [ree-rogiog wild-
life species. Finally, although the TH wsat issoe is
not relevant w equids, this adjuvant & clearly an
nccepinbhie oliermative W FCA for application of
PZP b wiled howrses,
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