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mens of praziquante! and oxfendazeole were compared, with clear advantages
i antipuarasitic etficay for oxfendazole, given w 30 mgfkg. The fast two ex-
periments contirmed this dosage as the minimal effective dose of oxfendazole,
and demonstrated that the death of evsticerci oceurs along weeks, with haval
viubility persisting during the first four weeks after therapy. The important
role playved by informal pig raising in the economy of subsistence larmers 1s
discussed. A treatment lor porcine cysticercosis may be an important addition
to control programs, it acceptable costs, and is especially sitractive because
af its cultural acceptability and its patennal Tor sustainability.
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IMMUNOTHERAPY FOR PORCINE CYSTICERCOSIS

Carfrom A W, Evans,” Armande E. Gonzalez ™ Roberr H,
Gilman % Manuela Verasteaui ™ Hector H. Garcia, ™ Alfonso
Chavera” Victor C. W Tsang,* Jov B. Pilcher® and The
Cysticercosis Working Group in Peru”

INTRODUCTION

Cysticercosis s o parasitie discuse that results from meestion of  Taenia
sedi tapeworm eges. When Bumans mgest these microscopic cogs they
many develop evaticercosis, an mmportant canse of disabiliny and mortatay i
tuny developing countres,” causing 0% of adult-onset epdepsy and filling
V3% of newrological hospitad beds’ in Peru. Porcine oystcereosia oconrs
when pigs mgest 10 seldinm eggs and the resultant cvsticercotic or peasly’

pork s of greatiy redoced value © Inthe Andean reamon of Pern, up 1o 607 of

pigs have cysitcercosis, contributing to economic hardship and malnutrition

When humans cat ifected pork they may develop T osofiton tapewore
which relewse urther egps, contamimuting the environment and completng the
parmsitic hle-ovele,
trprove memis m pubhic bealth and animal husbandry bave led to the v

il eradication of human and porcine vysticercosts o developed countaes,
Pt sueh mensares are too expensive for immediate implementation i Jess de-
veloped arens” Vaccimation of healthy pigs with cysticeread antigens caused
partial protection aganst porcine cysticercasis’ ™ but o vaccine s not available
and may be difficult to tmplement in endemic regrons. In contrast 1o preven-
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live measurcs, an npexpensive beatiment for porcine cvsticercosis mav be
soutght adter and used by owners of infected prgs of timiproved antmnl health,
mieat vield, and especially it it caused the degeneration of cysticerci m infected
meat. thus icressing its vialue, Our group is evaluating treatments for poreine
avsticercosis with drag therapy”™™ and immunotherapy which may be cost-
effective ways of breaking the hife cycle of the parasiie. preventing human s
well ns anrmal disease.

Cysticeret survive within host tissues by evading and medulsting host
pnnmuaity. Y The rbionale for npmanotherapy s the observation tu Bmmuees
aotomeal atervention may aller this host-parasite meretion, causing de-
structio of cvsticerer: pigs infected with twio successive doses of 70 solium
cuus panwdosically develteped significanthy fewer cystice e thoan pigs that uad
heen mtested wath i single dosesmplying that se-infection accelerated cys-
ticercus deeeneranon angd absorption,'” Sumilarly, eanfection of cows -
teviod with T ovagmata ™ and of sheep infected with 7 lnwdatipena®” conned

droeneration of eslublshed cyvstwerct, Farthermeoere laboratory ™ and freld

studies  have reported that imimnotherapy with cy-ticorcal antigens cresed

the partial resoiution of porcine evsticercosts. These encouraging resalts
s 10 Tty nvestigaty e clleeh ol mmmunolBesipy oo possine ©vsicerso s
i randenuzed. controlled and Bhinded sondy

MATERIALS AND METHODS

Paenteephe prvately reared naueally parasitzed prgs that were bemg
sold tor slaughter were purchased from Hoancayve, a ey mthe Peruvian Si-
erri. Al prgs were seropostiive Tor ey sticercosts and had pulpable tongue
sodeles, aepdying heavy intecuen.™ Swine cholera vaceing was given imma-
diately afwer purchase, three weeks aclimatizaton was allowed, during which
pros were fed freely and no other medications were given. The antmals were

iR

housed gether so the investigiors were blind to treatment group, The
studv wie approved by dhe ettncad commintee of the Faculiad de Medicma
Vetermarn of the Universsdad de San Marcos,

Immunetherapy

The prgs were randomiy divided imto four reatment groups:
I Membrane-enriched antigens (MA ), hve pigs:

T i eyl cavnany syaes
IR iy i

fegttenntitevape fov Poseane Coitioenoges m,

3 Agueous-soluble crude antigens TAAY in adjuvant nine pigs: amd
4. Adjuvant alone. seven pigs.

Group I, MA was prepared by the method of Molinun, Meza & Tato ™
In bret, 2000 T solimn cysticerci were homogenized for three seconds, cen-

trifuged at 1,500 ¢ and the peliet was resuspended in 0.02 M phosphate buffer

(pH 743 containing 0.4% sadium - deoxyeholate (Merck, Rahway, NIy and
deovyribonuciense (Sigmae, St Lowis, MOV at 20 ugiml and was ground in o
mortie. The matenal was centrifuged at 30,0060 ¢ and the supernatant was
ressoved and dialvzed against several ehanges of 0.02 M phosphate butler iph
A0 Tor six chays, Afer the material was centniloged an 30,000 ¢ for 200 min-
utes. the supermatant was lvophihzed. The same wmount of antigen was ad
satnstered ws in previous studies: ™ a subeuancous injection of 0,23 myg of
protean an (008 mi sahiee behind the car on dovs one and seven, Gronp 2
setlinre adrmmistered o the same way as for group | as s contrnl, [n order to
manirze the expected immune response. o lreer dose of AA i adpuvan
with o lenver interval beteeen doses was also cvaluated: Groap 30 A4

aelpereeont was prepared by the method descrbed by Essrada and Kubn, " In

Brets the supernatant was siken from 2,000 hamogenized, somcated. contr-

RN

tused cvsneere) and the conventration was aljusied so that 24 me was

okl of Freund’s adpovant (Signman This preparadon was divaded mine
foe el volumes that were nyected into difterent subcutancous sies on diy
e and again on day B Pround s complete wdiuvant was ased on day cne,
Frevmd s incampiete mdiuvant on day 140 The cvspceret vsed tor both MA
and AA preparations were dissected from 17 pigs ssirally imfecied i the
samme region as the pres we treated with tmunotherapy, Gronp £ adfiont
enes Freund's complete adjuvant slone on day one, followed by incomplete
adjuvant wlone on diy 14, were admmistered in the same way as group 3

Haematalogy and serology

Blood wis taken frora cach prg emsmediately prior o the firg vacemalion,
w vk five and immediately prior to saenfiee for measarement of ditferential
white vell connt and elecoro-immunotranster blog eETTH assav. ™ I brer, the
FITH assay detects 7 osofion specitic antibedies by using seven lengid-lectin
purified glycoprancin bands (molecular wergh 3004239 340 21 18, 14 and
13 KDY commonly recognized by serum of humans and pigs with cysticer-
cosis A stelar unmunoblon method' was also performed using the same
AA that wus administered as inmunotherapy,
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Necropsy

Pigs were wmesthetized and humanely killed 10-12 weeks after the first

vaccipation. Sections through the right psoas muscle, heart and nght half of

the brain were fixed in 109 buffered formalin (015 M, pH 7.2), dehvdrated.
set in parafin and stamed with hemutoxylin and cosin. At least three cysticerc
from eich of these theee tissues were examined for every pig. Predetermined
criteriz-were used by a histopathelogist blind to treatment groap to assess the
frost inflammatory response (cell density, predominant cell type. granuloma-
rous reaction and degree of fibrosis) and the degree of inflammation of the
cvst mernbrane. spival canal and scolex {none, cedema, mild 1o severe mflam-
mation, presence of host cells and degenerastion or necrosisy. Cell type was
dentfied by morphology,

Parasite viability

The leit psoas amd et anconeal muscles, tongue and lelt half ot the brin
were weighed and divsected, Cysticerot were semoeved, praded accarding to
macroscopic appearsnce and evagmation was attempted using a standaed pro-
tewolf I boel, cesticerer were washed m o stenife PBS (0013 ML pH 7.2)
copplemented with anthiotics and o fungisiatic agent and then incubated i
5% pepsin spH 200 37 O for 30 nanates o digest the evst membrane, The
cvsts were then washed with PBS and meubated at 37°C 1n the evagmation
edian 0N phL S ey pan solution with bale sales (Sigre i for ane hour,

Cyaticerer which fnled w evagimate were considered nog 1o he viable for -

fewtmg Burans, -

Data analysis

Dt were analyzed with the Statistical Package for the Social Sciences
software (8PSS Inc. Chicago. USAL Associations between categoneal vari-
ables were annlyzed by the Prsher exact test aned sssociations between conting-
ot vastables by the Mans Wintney and Kruskall Wallis onc-way analysis of
VHFRINCE NOR-Parmetric fests

RESULTS
Phere were no senous adverse reactions (o nnmunotherapy,  Two pigs

developed @ transient limp following vaccination in the fare-limb hat na mal-

P |
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Haematology and serology

Dtferential white cell eount tincluding ensinaphil count) did not change
significantly during the study or differ between trestment groups. EITB with
fenud-lecnn punified glycoprotein and AA confivmed that all pigs were anti.
body positive at the start of the study and repeat tentil-lecun purified EITH
testing at the end of the stndy did not reveal any changes, Using AA-EITHE.
sonme prgs devieloped new antibody bands during ehe sty (1213, 19, and 24
KDy, Nane of 14 (64%) pigs given immnunotherapy developed new bands in
contrast to only one of 14 07% 1 control prgs (p<D01) The presence or de-
vetopment of voe or e of these bands was aot signifeantly related wo white
cell count, eosinoplizor cysticercal viahiliy.

Necropsy

Nevopsy conbrmed that all pigs were heavily parasivized wath T scddien
evsticercosts. The mean (SD) sumber of cvsticerct per kilogram dissecied
fronm the Gasoes of all pigs weres muscle 356 (4 18y wongue 70 0650 and beamn

Pl sy, Ohverall

mean swisber 0F ovastwearcidky vaned consaderably he.

oween pies and was hichest for the salime cantrol group, bur there were no
L £ aray

srmhicant differences between treatmert groups (Table 1o Seme inTamima-

Hon wiss present around all ef the cvssicerct examined but ths was o viinable,
cven between adjucent evsticerch, that 1t was not possible o correlale nffam-
matery changes with treaiment group or cysticereal viabibty.  In approxi-
nately hadl of the sections, TO0-LOOG i smmatory cells were seen surround
g the cyst membrigte, =000 w0 a quarter, and <100 cells o shightly more
o quearter of all seetions. Macroplhuges were the most commaon cell type,
especially when more than L.OD inflammatory cells were seen. Large num
bers of cosmuphils were also seen bt predominated in less than o goareer of
wases, ost commonly i the presence of fewer than 1O imilmmmatory cells,
Lymphacyies and plasma cells were seen snomuch ssaaller numbers

Parasite viability

The mucrescopie appeariace of ovstcercr reveaded only sis cleardy de
generiied cyvstieercr, all of wineh were found m two pigs thas had been given
AACI adinviml, The pereentage of cysueerer g futled o evaginate and
were presumaily aol mfective was caleulated for cach tissue from each piyg
iTable P Signifwantly Fewer of the cysts from prgs given AA i adjuvan
seere viable commpared to those from the adiuvant (p=(dd ) or saline (p<0005)

H
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control gragps, Adjuvant alone had ne significant effect upon viability com-
pared with saline, The effect of MA was not signilicant when compared with
awdinvant, sabine, or combined cantrol groups, Eumuonotherapy (AN and MA
sroups eombined! Wi associated with o 50% increase i the percentage of
non-viable eysteeret when compared with the combined control groups
{p<ti 4y hromunotherapy wis associated with o three-fold increase m the
1-:;”;‘mrpm ol non-viabde cystiwcerei in tongue tissoe (p<.03) and musele
(pcib i, bun there was no effect of pnmunetherapy detected in the bran
,lmfﬁh There were relatively few eysticerct b by tssue aed these were of
low viabiiny for all reatment groups {Table 1),

Tuble 1. Fffect of vmunetherapy,

onl Cysticered which failed

Sinber Todal to evuginate
Faperimental gronps of pras exsivhg | Muoscly lestipune Hrain A eyars
Stk el aalkeas #TA | A (RS FRitsy 50T SRR
b ' T bty PR t
Nepamnn cdEnop IO A ] I37 43 1o i T b i S40N
Wl 261 1 I Atidin "
Frrpasot e s 181 4y .) i i B 34 i s ARG TH AN
Voot be AR wlji bl ' ] ik [RIERTT PEE IR Phejse
Pheae ot e atabistilly dilherom s sl ather, pe 04
Vhw percentase of cvnte thig fsaded to vaginaste e presumialdy aor safective was, cakeatted s s

pret The s 5D af vhavg paaopn el bt grsig e ok iwgiiin with IIu‘ vinad

sl of cusbiceen whpnifed g b of Tissan

Phe Large varmnon an e number of cvstcere: tound i the prgs i each
tcatment group (from 3 e 2403 eysisdiat led us o base the stansticud
ataiverd o the pereesmage viabiliy ol cvsts for each nasue from each iy
Fhes avendded potenaal bus moduced by the small number of heavily infected
pres and by the ameoun: of cach tissue dissected. Morenvern, we repeated thie
above gy ses vsmg the wlal number of viable snd non-viable cvsticerer dis-
suniedd boa pres i eact ireatment geoup and the puttem of sign:iicance wis
unchanged: pverall, 339 af evsts dissected fram pigs given onmunotherapy
woere nem-yable . compared with 1% ol those Trom all of the control animals
(D03 I spite of these effects, at least o quaner of cyvstcerc: were viahle

fapsiotlerany Jod Prome § oo o 127

inevery pig and more than halt were viable in 11 of the 4 pigs given numuno-
therapy

DISCUSSION

This blinded, randomized. cmnmklcds‘lu{i\w'nnl'rrmcd that adnnmstraton
o cystleercal antigens to prgs natwrally infected wath T gadin cvsticercosis
capsed a sighificant reduction i the viability of cystucera for causing haman
fapeworm infeétion The pereentage of non-viable cysticerer was increased
thwee-fold in pigs given AN i adjuvant and most of these animals devetoped
new antthody bands detected by EITB,

I i previows siudy ol srmtzf.n:mhc;.,; v, B oy sioereate s mocubied

BAMA developed cosinopliila and necropsy tour and eighi woeks Lier e
Vi ed histological findings sugpestive of evstslegenenion ™ However, the
dssessed o this study and the histopatlndogw.

viahihiny of cvsticercy was g
E"in;!-::xga iy la»za-e een hawsed by the sroall qamber of prgs amd ovsticenes aiml
e pranienlardy iy view o e heehby variahle inflamrnatien we vheerved o

whninstering the same dose of MA,

Iy o Beld trash i Mescol” LO76 doses of MA tht was alimost sdeatical
for dfe preparation we used were administered epeatedly o 447 pies ale
gl o waes et clear hoaw sany doses cach pry received, The provalomee o
cvsticerensis, s assessed by longue palpation, fell signidficamtly i the villies
stidiedd, but there was no control group, hanting interpreiation of thew e
sults. Fusthermore, then resenee on tongoe palpation alone (o assess re
sponse Wompmenetherapy may Bave been misbeadimg since wae found the effecr
of smrniaotherapy tobe ereater o bongue o ather gssues, 1o this Mesiean
!:mi trral, seven cvsicorcotic pras siven inemanetherapy were studied suomore

il and 7% of cvsis exesed from treated pies Sded w evaginate com
p;uml with 5% in seven unireated evsilcercote pes. The meltectvensss ul
M b our stidy comtrsts with these sesuits and nugte fe expluned by the

e, which may have ingduced a weaker im

sttt bor number aF vaceination

0%

BTG PORPINse.

e pariad elfvctiveness of AA immunetterapy aad the vartahle inflan
matkery changes seen i adiacent oystiveren moonr stuedy seonld baotly be ey
pained if the cvsoeerc infecting the plgs differcd anozenteallv Iron the vys
tieerer wsed 10 prepare the pamunotherapy. Morphological heterogeneiy
andd anttgeme diversity™ between cvsticeret dissected from difforent matueslly
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intected pigs have both been noted and DNA probes have revealed genetic
variation hetween different geographic isolates of porcine cysucercr.” How-
evel. our antigens were prepared from cyaticerci obtained from pigs of the
sare area as these receiving immunoetherapy, so antigemc heterogeneity is un-
likelv to-be relevant,

AL necropsy, eontrol pigs that had been treated with saline had more cys-
ticerci/ke tissue than pigs from the other groups. This ts most likely due to
prndom vartations vather than sreatment effects, because the differences did
not upproach statistical significance and there were no scars or caletheations
present e tssues of pas geven ammunothesapy.  In contrast, 12 weeks
atter drug thc‘r::p\- for porcine cysticercosis. caletlicanions were clearly visible
a the suie of degenerated cysticeret in previousiy infected meat™ soa s un-
lhely that immuenatherapy caused the disappearance of cysueercr without a
e i e same pernod

The statistically sigmificant elfect ol immunotherapy on 72 solias viabil-

v dlugirates the dymome nature of the host-parasite mierscton and the po-
catial for manipuiatng thes celationship o contrel parasitic infection. Geneti-
cathy engineencd, recombinant vaccines cause greator pnmemity against other
tapeworm species S and identificatzon and svathesis of the approprate anti-
wens for porcine cesticercosts may allow more effective mmnotherspy
However, despie the stalistically signilicant effect of immunetherapy on
cystreercal viabiliy o our study, all of the pigs remined macroscapienlly
heavily mfected wath predominantly viable cvsicercr, Immunotherapy alone is
e fore unlikely to provent human tacniasis,

SUMMARY

Faenia yoltisr cysheercasis 18 an inportans cause of human discase m
most developimg countries. Porcine cvstivercosis completes the parasite b
wvcle and impairs ment praduction. A treatment [or porcing CySUCEICHsis may
b effeenive way of preventing human disense and would benefit py furme-
ers, tuailitating control pragrams m endemie regrons, Previows rescarch sug-
sests that re-mfection with eysticercasis or immunotherapy with cyvsticercal
antigens may cause degeneration of cysticerct, potentially cunng porcing

cysticercosts, We therefore performed o Plinded, randomized., plucebo-con-

trolied study to assess the efficacy and safety of immunotherapy in 28 nat

sallv parasitized mios Four orouns of  nres with comidar \vnrnlﬂ e s
lated twice with membrane enniched cysticercal antigens cMAJ \Jlxm e

fmiothe ey for Poscow Cvingersays

ous-soluble crude cysticercal antigens (AAY in adjuvant (Freund’s complete
then incomplete), or adjuvant alone, lmmunetherapy was well tolerated bt
had no consistent effect on the macroscopic appearance of cysticerct or eosi-
nophif count.

Histopathological findings were variable with both severe and minimal
inflaymatory reactions seen in adjacent cysticerct i all pigs. Nine of 14
(64% 1 prgs given immunotherapy developed new antibody bands on electro-
gmunotranster blot compared with one of 14 (7%) conwol pigs (p<0.01 1
Treatment with AA in adjuvant caused a ssgmficant mercase wn the proportion
of cvsticeret that failed o evagimate and were, therelore, sot viable Tor mfect-
ing hmanes (S for pigs given AA in adjuvant compared with 105 for adju-
vant alone. p<d) Although rmmunotherapy caused a statstically signifie

mt fall o the viability of evstcerch. this immunological reachion was ni
areat enough w prevent human diseoase,

RESUMIEN
La cisticercosts por Faena soflnm es utta causa importante de mo

TRLICCICONS OTCIN G

halidad hurmana en muchos paises en desarrotlo. Lo o
.

3 [u produccion de came. ]

complels el cicle de vida del pardsito y afect
tratitie nta pura b clsticercosis porcing podria representar wia forma sfeciva
de prevenir enfermedad humana v beneficiarta a los cnadores de cerdos. facth-
tndo el desarrolio de programas de control en zonas endémicas. Frabijos
previos han sugerido gue la re-infeceidn con cisticercosts o Lmmunoteraps
pueden causar degeneracion de gisticercos establecidos. v potencialmente
curar la cisticercosis poreina, En estas bases, realizamos an estudio rando
mizado, enciego, congolado con placebo. para evaluar La eficacia v sepuridad
de L inmuneterapia en 28 cerdos nauralmente mfectados. Cuatro grupos de
cerdos de pesos sindlares fueron inoculados dos veces con antigenos enrigue
cidos de membrana de cisticeren (AM), saline, antizeno crudo de cisticerce
en solucon acuosa (AAL en adyuvante {(adyvuvante de Freund completo v
luegn incomplietod o advavante solo. La inmunoterapin fue been wlerda,
preo a0 tva elecios consistentes en Lt aparienciy mmoroscopiea de Ins okt
cercos v en ¢l nimero de eosinofiios
Los halluzgos ustopatolazicos fueron variables, con regecienes inflamu
lortas severus o minimas vistas en cisticercos adyvacentes en cada cerdo
Trler G Lo Que TCCTETON INHIWIOerapI (i) desarroliaron nuevis
bundas de anticuerpos en la prueba de inmunoelectrotransferencia (EITBY.
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comparado con ung de los 14 (7%) cerdos en los goupos comrol {p<t,01),
Tratamiento con AA en adyuvante causd un aumento significativo en la
proporcion de cisticercos que no evaginaron, y por lo tanto no eran ya viables
pard fnfeccidn humana (34% en cerdos que recibieron AA en adyavante
comparado con 10% en fos que recibieron solamente adyuvanie, p<(.04).
Aungue by immuneterapia causd una disminucion sigmificativa de la vigbilidad
de oy visticercos, esta reaccion inmunoldgics no fue de un grado suficiente
para prevenice lomleceidn en humanaos,
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