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THE IMMUNOLOGY OF TAENIASIS/CYSTICERCOSIS:
IMPLICATIONS FOR PREVENTION AND TREATMENT

Carfton Evans t and the Cysticercosis Working Group in Perii *

INTRODUCTION

- Cysticercosis is a parasitic disease that resulls from ingestion of Juenta
sesfranr tapeworm exgs. These microscapic eggs contaminate the envi-
ronmient in endemie arens and when prgs ingest them porcine cysiwervosis
develops, Poreine eysticercosis w the presence of pea sized  Tsofo lirvae
i pig nssues, making the pig the mteemediate host Tor the parssite larvae
Pres usuably roman healthy despiic this parasitosis, bt thewr meat s sreatly
reduced movalue. In the Andean segion of Peru up 1o 30% of pies have
cwstivercosss, contrthutng to economice hardship and nudnutmon.

When huamans cat intected pork the L sedoon larvae bl oot o the
bowel whoere they muy grow aie adult 1apeworms, rovme up o 13 mom
leneth, These mpeworms produce further eggs wiueh are released into tw
covironment m the Taeces, complenmy the parasiie bfe-cyole Hunns i
theretore the naturad defimtve hoat 1o the adoly tapeworm,

tatection ol prg tssoes with T2 osodion brvae and ot the humon howed
witht adub tapewarms constiune the natural lle-cyele wlich s essential to
the vontmoimz cxastence of the purssite i communities, This propagation
depends upear evasion or medulation of host immursty: the Tieval and el
paciistes must suevive within the hosts without being destroved by amomune
responses and without gilling thewr hosts. The evelution of the parasite his
selected parasites which most etfictently parasitize pres and humans with
sepmrrd host disesise,
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However. the principal significance of the 70 salinn parasite is its ability
o infect humans as an Caccidental’ intermedinte host: when humans
accidentally ingest microscopic 10 sefiim eggs they develop cyslicercosis.
Cysticercoss is therefore caught from bumans with tapeworms, not from
pigs. The presence of 7. sofium larvae in human fissues 1s an imporfant cause
of neurelogical disability and mortality in many developing countries mchuding
0.5 1o 4% of people tn Perd® and México.!  This human cysticercosis is a
‘dead end” Tor the parasite and there his therefore been no evolutionary
pressure for the T goffen larvae o evade mnune recognition in human
teates. The hunman host is nol wlerant of the laeval stage of the parasite and
the resultant tmumune recognition and influnmation may contribute grewly o
the putheacness of human cysiicereosis,

IMMUNOLOGY OF ASYMPTOMATIC CYSTICERCOSIS

The pie ss the vsual mtermediate host for the 70 solumr larvae and
folerates living evsticeret well. In some endemic regions examination of the
pres iengue for palpabie diving larvee has been toulsie practice hefers
purcime since hiblical tmes, because this relfishly dingnoses cyvsticercosis.”
The usintl absence of apparent Hlness in infected pigs is remarkable
consderng that thousands of cysticerci are often foud of autopsy, scattered

throughout nevrological and other fssues,

In humans, awtopsies of victims of wacfare and road traffic accidents
have revealed that o large proporuon (typacally 80050 of neurocysticercoss
fnfections are asymptomatic. discovered mcidentally at necropsy.” Living
cysticerct may eceasionally conse disease through local pressure effects or by
abatructing the fow of cerebro-spinal flund, despite the absence ol a host fn-
Shonmatory response, Asvimproniiic hmaen cysticercosis may e dhagnosed
serafouicully or by hopsymg subeutaneous lesions Although circulatng
antieystieercus anttbodies Bave access to the surtace of cysucerc as
tlustcated by imaging swdies with radio-fubelled antibedies.” hundreds of
croht mm eysticerel muy lve within human hssues, evading immun
destructon and sympromatic inflmmation,

The inmune reaponse o cyshicerot bos been stucied mumly because ol
the need for o diagnostic bload test, Although the Lirerature is confused by
mumerous serelogic tests eviluated with varving degrees of scientitic ngos. il
i clear that virtwally all cases of sympramatic cvsticercosis are associated with
o detectabie humaoral immune response. the excention beine a minority ol
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sngle-cvst mfecnions. Furthermore, sero-epidenuelogical studies in endemic
regions have revealed a similar rate of antthody positivity m healthy people (o
the prevalence of asymptomatic CysHcercosis in auiopsy sernes. -

How do T sefiem larvae survive withio pig and human ossues withoue
causing svinptomatic inflammation in the majority of cases, despiie the
presence of crculating antibodiés and evidence of cell mediated fmmunity?
Cur anderstinding of the complex mechanisms employed by helnnnths o
prevent immune-miediated destruction is inereasing rapidly® and several of the
mechanisms emploved by cvsticerat bave been elucidated.”

MECHANISMS OF IMMUNE MODULATION BY CYSTICERCT

Sequestration. After o briel penod of migraion, Fosolinn Luvaoe lodge

s host izssues and fonm eysteered. The site at which they settle and the natoee

‘of therr refutionshup o the encupsututing host muy contribute 1o sequestiation

af the parastes from immuone atack. The anequal disinbution of cysticere
throughout body tissues does not mvirror regional hiood flow but niay resalt
tropn selective invasion by the pagisate ar differestal survival and encystiment

ol Lirvae m different bissues

In hipins, cvsticere: oceur commonly within the Brain, spinad cord and
cvetll of which may be considered o be “immunotogieally privilesed sites
Uhe cential pevous system ditfers from other Gesues in: the presence of the
Bieod brasn barrer which prevents convenuonat lymphocyte reciiculanion: the
mducible cather thas consututive expression of major lstocompatindiny cliss
fand I molecules; and the presence of speeiafized cells that execuie inimuno-
fovicad effector funcions. These features may exphng the unique interaction
Ietween the central necvous and immone systeras® and the resistance of the
Branin pacenchymin te leukoeyie dispedesis”  Receny evidence also supaesis
that mthummatory celi apoptosis s up-regulided i these sies! Hoveser, we
are ot aware ol sestenire study of the numbser of cvsncerer i human brain
vounpired with non-nearologicul tssues and the apparent predileciion tor the
hruin may sunply rellect the severe svmptoms which result from lesons in this
OrgL

The firm. Nbrous encapsulation which surrounds some cvsticesci,
particubirty in non-neurological tissues, i ualikely o form a phyvsical barnes
to mmuniy smee humoral facters do gain access o the internad Muids ol
eysticeret und chemotherapeutic challenge or death of cysticerci ts Tollowed
B ommedate ntense inflammatary cell fofilimpon & .
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Autigenie shifts  In concomitant sy, hosls are protected agams
wewly mvadimg Larvae whilst inlerating an established worm infection. This
miay resolt from chanees or “shifts” in the antigens expressed by parasiies as
ihi.‘j\ develop through different stages of their life-cycle.  Alternatively, or
additionalty, adull Luvie may be abie to counternct those immune effector
muee !nn.hn-.. that fil mmmarare forms.  Concomuant immunity has been
demonsteated for § sewmata amd T livdatigena where vaeeine denved hiving
cysticerct exist in ammals which ure resistant to egg challenge. but not i 7
seffiely cysticercosis, 1 may explain the lack of overwhelming cystcercosis in
By perendenie regions since animald miy only be able o acquire cystcercosis
fo ome o T weeks wlter pramary exposure o the parosite. Thereatter, the
gl ey he resistun to re-infection despite the survival of viable cysticenc
resuling from the primary miection.

sition by
detected

Moleettlar mimiery by parasites is the evaso al pmimine e
the svnthesis of host-hke antigenic determunants. Willms er off
immunozlobulin G (leGhon the surface of T solium eystcerer by mmmuno-
clectronmicroserpy, but aiter purrficatous this Lt showed no speailicny for
anitgens on the cvsticeseus. The possibiliny that it was synthesised by the
patmsie was tested ae vieo by tanslanon of purasite-denived messenger
RNA One of te protem products was precipitable with rabbi anti-pra [pG.
providhnge evidence that the cysticercus stself a\,':e!::c«'iz.cd host-mimicking

athizens. The secorrence of lrmalogous geneme sequences i host and
parasite nny explam the selectvity of costoddes lor particular hosts, for
example T sofion tor pigs and humans,

Masking af cysticercal antigens by host immunoglobuling. The
prresenue af lost antibodies has been stadied in fresh cvsticercr obtained rom
hasin surgery compared with the pattent’s scrum and CSE Although
vircnbating o TeGowas presenl with the same fregqueney as 1eGoon the
surtice of the pareates feML Le A and Lgh were present only o the surtace o
the parasie umd coukd oot be detected in e serum or CSE Furthermaore, 7.
sodfenr cvaticeet have recently been shows o express an Fo receptor for 12 G,
These tesulis, reviewed by Flisses,” ay suggest that cysticerer mask
themsefves with host mmosnoslobalins, abthough the importance of this
possibie miechanism of wmune evasion bas not beea established.

Modulation of kost fmmunity. Some evidence suggests that 7, sodinn
cvsticerer oy aol enly “hide from” the host immune systern, but may also
activelv saporess host nnmuaniy, A seereton product of livine cvshicerel,

Bomeerondves o Tiesoas & Cvsthicegeodis o]

antigen Bohas been shown to bind to and mhibit Clg. the first component of

the complement cascade. ™ As ver umdeniified secretory products of

cvshicerer alse have o suppressive effect on caltured human lymphocyies
stimutlated with phytohemaglutinin.”  Similarly. viable cysucerct implanted
o the pentoneal cavity of mice release factors which depress rather than
eohance lvmphocyee reactivary. !

IMMUNOPATHOLOGY OF SYMPTOMATIC CYSTICERCOSIS

Althongli 1 wedfenn larvie commeonly Jive within bumans as aecidentul
crmnednite hosts Tor miny vears without causiog sympioms o sienificant

Hammanon, the poncipal mporimee of the paasite oo e Lolore of ihis
srpmune toleranes which nigy cause svmptomutse disease. Human
cystteeroosis ooours most tnportaotly within the broon amd o usaally
associated wath imfhamumanion avoanmd a least one degenerating cvstiverons, as
reveadod by esclston biopsies from patients with epilepsy and by autopss
Satar iy the death
by P el I‘_‘. the
eticctys of costocndal therapy. discussed below, and the time-coarse of hounum

exatrtions of nearological patients. Fusther evidence

cther thin e presence of evsnicerst which causes d

ection

A study ol 450 Batsh soldiers who aoquirsd ovsicorcoss winds
stiuttoned n India™ provided an opporionin o stady the tre course of
disease Few soldiers retorned from Iadia with epdepsy, the majoriy
developed seizuges two o eight yvears siter mlfectuon, The longest imerval
between fection with cysticercoss and appearance of svmplons wus 3
vears. T s remarkuble becanse studies i pigs and humans have shown thi
cvalicerel tuke ondy G0-70 days t reach matuggy after mrecnon,

Toexplon this, MacArthue suggested in 19335 that o biclogic objective ol
cysticorcr while i the nssues of the eermediste Rost s oz quicseen
with chnaous evolutionary advantage. and that the death of the parasite may
Dberate toxins, causing imitation.” Allernatively. the death ol ovsticerct may
end uctve e evasion by the pasasae allowsmyg ammunedoeically mediated
mthmnmatien w develop and cause svmproms, The et thar pres are usually
staghtered i thetr Tost vear ol lite may contribuge to the ahsence of apparent
porcine disease. pigs usually dysng before any cvsticerer degenerate and citise
smtlamotion Alwernatively, 7 sefisn farvae may be better able 1o evalde
I recogmtion i pig than humen tssues because of the evoeluonar
pressures discussed i the mtrocluction.
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THE INMUNE RESPONSE TO TREATMENT OF CYSTICERCOSIS

A single low dose of the cestocidal drug praziguantel given o treat
mtestingd parasitosis may canse sufficient damage 10 latent asymptomatic
cysticerc that inflammation and epilepsy resuits, providing evidence for active
nmmune avasion o suppression by living cvstiwerce™  Rarely, (ull dose
cestocwdal therapy adminzstered for the empine therapy of human
neusoevsticercosis hag also precipitited overwhelming, fatal cerebral
mnflammuation™ when the humian beain has contained many cysticerel. We have
chsgrved o similar phenomenon of epilepsy and even death following
cestecilad therapy for porcine cysticercngs,

Sudies of the expenmental treatment of “asvinpromatic’ cystivercotic
pras showed thi while parasites had hole maceroscomie or histopathalogics
evidenve of dasmuge pror b treatment, proziguaede ! el o seowmuliion of
cosinephils around cysticerci followed by vmphocytes and macrophuges
whieh appeared o phagooyiose eysticercal materiad and eell debns. The
macrascopts cand rado-mmagine | disapoearance of killed evsticeret wiok two
months.  We haeve observed similar resuits with albendiczole™ and othe

cestocdal dress,

THE INMUNE RESPONSE IN SYMPTOMATIC CYSTICERC(K

Thi couse of degeneration of untrested cysticeson w human ISsUes s nes!
known but it hus been proposed that dewsh ol the pacasite may simply oceur @
the end of 1x natura) hfe-expectancy. Comulitive damage From chronse host
inflammanen 1s an alernanve possibility. The human tssue response 1o a
degenciating cvsticercus is grapsfomatows, consisting of  plasma cells.
Ivmphocoyies, eosinoptals and macrophages enclosed in @ netwerk of
congective tssue. b Later stages host eells penetrate inta the remmants of the
parastte - Alter one or twa months a gliad or connective tissue scar rentims,
which may then caleriy”

Fhis refatevely benign nanoral hissory is often reported from Southern
Bidin where, in some hospitals, parients with epilepsy resoiing from
degencration of a sehitary parenchymal cvsticercus we treated
symptomatcsily ontl intlemmation and cesuliant symptoms resobve, n
conirast. one or more degenerating cysticerc may cause chronic. progressive
cramdomitoss milammation which may prove fual despre sierond and or

‘..a‘.:,,l.,‘.: If.,,i.za”, b Bl el wdhadedipis srhieh Arpeam tes R mare cornrmon in
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South America. There have been reports of chronic neurocysticercosis
depeadiont upon chrome steroud theeapy o sappress milammation, which a
autopsy have reveaied only the remnants of degeneratad cysticerci surmsunded
by granglomatous wflanunation. T s not clear whether vartions in the
parasie or the host response explion these vardable clinical symdromes.

IMPLICATIONS FOR THERAPY OF CYSTICERCOSIS

I3t is ot simply the presence of living 7 sedium larvae but vather thei
death that causes inflammation and symptoms in the majority of cases of
humen newrocysieereosis, then whit is the role of cestocwdsl rearment? Since
the discovery of the drug praziguante, and more recently albendazole, both

‘etfecuve at kailimg 1 volingr larvae, they have been widely used Tor freating

human neurocysticercosi. Although they have been shown o canse
richiological resolution of cerchrad cysticeret, ths 1y assoctited with somwe
morbidicy and rrety mortehity, Since communny epslermwlogical reseasch
has shown that the natural lostory of ASVIMDIORIALC NEUFDCYSHUCTICOS IS 18 11081
wertionty bemgn and hospital based stodies supeest thar sympromang

al degeneration and

inthimmation often sigmbies the start ol cystioes
resclution, there 15 reason toe queston the value of costocndal thevapy (op

humman neurecystice reosis,

The managenent of hwoen gearaeysticercosts s consulersd w dennd
elaewhere in this vilume. hot car undersstanding of de ammunopathogenes:s
ol neurpeystoercasis muakes st unsurpeising thal eeent randomized. placeb
cantrolled rials have shown no clincal benefit from cestocudal therapy aver
sterernd therapy aloane " and have focused atention on e methodolagy el
curher studies

PREVENTION AND CONTROL OF CYSTICERCOSIS

Cvsteereomis 1= 2 diseuse af poventy and sueial inder-development. Human
cysticercosts may be prevented by provision of sanitation and weatment of
tpewaorm carters. The parasite life-cyele may be byoken by enfomcing meat
wspection, freczimgfdeqguately cooking pork or by huer scale conmmercl pig
searmve which denies pres aceess 10 buman facces. Such rprovements i public
heulth and nmimal hushandry have led w the vinual erudicatien of fwoman and
porcine cysticercosis in wealthy countres but these mensures are corrently of
lmred relevance i less developed rural arcas.!
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PROTECTIVE VACCINATION TO PREVENT CYSTICERCOSIS

Human vaccigation 1o prevent cysticercosis has not been widely
considerad as an appropriate intervention in endemic regions because litthe 15
knows ahowt the mmunology of human cysticercosis and symplomatic
cysticercosts 1s greatly under-dingnosed.” 1t has been sugeested that
cysticereosts nocurs with greater than expecied frequency in immunologically
defieiear chibdren’ hut this uncontrolled observation may reflect o chapee
association or diaznestic bins mether than an effect of immunodeliciency on
susceptibility.  Cysticercosis hias not been noted to be common i immu-
nosuppressed o imununodeticient adulis. =

in common waith most other human cestodes, protecthive mmuonily
aganst the adult tpeworm does not appear © occur and adull tupewarm
cirriage does not anpear o profect aganst cvsticercosty, However, these s
evidence in L'\[‘i.’l{f!!.l.‘{l{'.ll anmmal models that o defimtive host can reject a
tapewarn or cause i to desirobiiate and that antbhody may be presenc”

Vagvinuitan of plgs o prévent porcine cysticercass has been proposdd
to improve ammal health, mea vield and o break the purasie life-cvele,
pestennally preventng buman discase. Mohmmarn er o/ showed tha
vacomation of healthy pugs with eysteeoead antigen caused partal protection
agaitst e subsequent development of porcine oysticercasis,  Likewise,
s izaien ol pigs wilth exeretory-secretory products of T sofiunr oncos-
pheres caused o decrease in the *u;m!v v of cysticercr winch developed from
ahur protective vaecination has been

Ord vaccimation agamst 1 sollwn

subsequent challenge miecton.™ S
develaped tor other Jaenia species. ™
fas net heen attempred. Prophybacte vaccination may not be practicable m
areas where cysticereonss is commaon, where pigs are typically Oree-rowming
anelse reared by tnihividual Families on o subsistence basis s

IMMUNOTHERAPY FOR PORCINE CYSTICERCOSIS

i contrast by preventative measures which are difficult to apply
eidemes fecions, an mexpensive treatment [or poreine cysticercosts may be of
practical value i the poorer areas where the disease is most commen. Such u
trewmest oy be sought alter and wsed by owners of ntected pigs of 3
mprosid anieal health, meat vield and especistly o 0 eaused the degeseraton
of eysticercr that are easily visible ininfecied “measly” pork. halving its valee
Such a treatment for porcine evsticercosis inay, therefore, be a cost-effectve

Fgimgatcadeog s i Leostiis F E Wi e aasin R

worv ol breakng the e evele of the pasasite, preventinge homae as well as
annial dscase. Qur zroup are mvestigating trearments for porcine
Uy secosts wthodrug therapy ! ;uuix;nsn*unu;hm;tp»'3 Imzinnotherapy may
Fawe e inlntiiage Dmereasing protectian agaiist re-mivetion

Cshioeres gray be destroved by immwnolozieal processes. Herber g
Cinerestevted e prgs with cvsticereosis at the age of two months e e
srbatend fonny o therse prgy 1 manti Laer. Paradesically. aumopsy tevealod
sigphcantly fewer wpsticerer m the pigs that badd been mfeoted twa
siggesting tha re-ufestion accelerared cyvshicoicus degoenerstion and
absarption. Sumbedy reamtecnon of cows anfected wah T soeinada and o

sheep mtecied wah 10 hvdangeos coused degencration ol estabhishea
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Med sqzmticantly, Mohiner, Meza and e ™ peported shat no
iinocherags Cased the resolulion of parcine cvsiivercosts Inocudanom ol

maduradly perassized pags sk cysiceread atreen caused cosinopinin o
ditteges o toe apd el weeks reveaded memasing muageesconh

hunntary red e

atran of cyvshicerel. There was i imiens

g Oy stmearor woeth o eossnophthe abrirabion aml more thin Y wer
dovononatng Hlowener, only 12 cvaiceret were exanmined Trommeach of o
sl v conerod prg sl e sssessiment was seade of the vidsihly o
sebivin lon causatg o cadecimon, This i herapy svss adao

adeintedd oo feld al®  Adehe

vz s two viblages whese 4

weh the prevalence of ovalicercosts fell
A7 s were viecated repeotedly wath

070 doses of mamuanotherapy. there was ou conirol group and ¢ysbceicas

vt cheogneeead B pongoe palpaton ondy, Dimenne smerpretation o8 s

il Seven CuMICRICOlc prigs coven mmmumotherigpy were studied i

it atd 73 el evats excised from them Gaded o ovagimale versos 3%

Hun el cd CYSHICC U IC P s

e cnonretng rosalts [ed us o further mvestigasie the ctiecy of

PO I Oy ol ROFCINe Oy sbiccrcosis 1n o [Ht‘l'-j'ﬁfs'ii\.'t‘ (T THE TS e ERANE
|

st Conbrred it w hen pees mitarally mfected with 70 sedinoni ey sucercosis

ot

comrradiodd it blimded study, desenibed in l'ull ehewhone mbns volusaw. This

moculated with eysucewal anhigen !ht' viabtliy ol cysticere was

sintitcon by seduad. The porcontige of pvstieeron that showed ne ovadeae

by s mowe i dobled mthe group of pres mven enade antigen
amd s al e il deseloped new EITR bands sugaesung ae antibody

camtee Tt ommmnethicrany. Howvever, ol of e pies semained
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SUMMARY

Titersier soliym cysticercosts is an inmportant ciese of human neproiogcal
ihsvise o many developing coumnes
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APPROACHES TOWARDS A VACCINE FOR HUMAN,
PORCINE AND BOVINE CYSTICERCOSIS

R. Michael E. Parkhouse,! Teresa Garate. Laura Benitez
Panl Kivkham,! Sharon M. Brookes,! S. H. Wright,*
Leslie J.S. Harrison !

INTRODUCTION

Phe owo eoononucally and medically mmportant teentid parasites of man,
Toendse saginata andd Taens soleon, tvpeadly pass therr metacestode develop-
mental stages in the bovine and porcine, respectively, The T oaefinn
e lacestode may also develop moman and s therefore also responsible tor
human cysticercosts, with neurocystcercosis hemng il freguent, and sommetimes
fatd. complication, In spite of this magor hicdogical difference. the two spe-
cies are highly antizemenlly cross reacting, so that diagnostic and therapeutic
towds developed for ane species wre applivable o the other,' T 1 wagimea wnd
£ s are responssble tor puhlic health prabiems, moaddition o creatng
nancial losses w prg and caule prodocers in endenue azeas. Whiie control o
the pewastle can be aehicved w some gxtent thaough snprovements o publin

headth, samtatzon and spimal management or hushandey practices, the devel-

opraent of o vaccine would greatly assist control. It s possible 10 work on
botkr species smee they wie so closely related that they comtain many cross
reactive determunants and can be regarded as seaprocal models, Tn view ol
the hazards in workimg with 7 soliwm oncospheres, our strategy 15 theretore
ter develop seagents amd clone genes directly relevant wo 70 sag i and then
contirm the expected upplicability to 72 solivm

The must rational molecutar targets (o a protective vaceine against .
sagtefa are componets of the surface. and functioral proteins essential for

Jpsageinere for Andmat Healtls, Pirbaghi Latoratortes, A4l Road Pickerehie. Wakamg, Nwrees, Boghivd
Vinisterto e saaitaid ¥ Cosxiana, natitng Sobud Carfos T CNHVES, 28220 Magadahamta, Madrad, fapadia,
Emvers of Fabuiveroh, Depanoveat of Trapead Smmal Mestis, Conme Jor Teapeead Vetortoary Hedigioe
Easter fiuvh, Roghin, Shulativon. Seothead, 1H2S 9RG.
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