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1. Introduction

In conjurction with the 12th Conference of the World Association for the Advancetrent of
Veterinary Parasitology (WRAVP) an informal consultation was convended by the World Health
Organization in Montreal, Canada on 12 August 1987 to asgess echinococcosis research require-
ments.

Dr. K. Rigel, Chief, Veterinary Puklic Health, wWorld Health Organization, Geneva, oponed
the meeting on behalf of the Director-General of WHD. Professor J. EBckert was elsctaed Chair—
man. Professor R.C.A. Thompson served as Rapporbeur. See Annex 1 for list of participants.

A mesting was held in 1981 to establish research requirements for echinococcosis/hydati=
dosis and taeniasis/cystercosis (Wi, 1981). In January 1987 the Veterinary Public Health
unit contacted leading scientists in many contries for information on the status of echino-
coeensis research. This information was subsequently analysed an amalgamated by Professor
Eckert. The informal comsultation was convensd in Montreal to:

- update rescarch requirements considered previcusly by WHO (WHD, 1981);

=« recommend further research and to identify priorities, taking into account the need
for actict=orientated programmes: and

— identify cbijectives and fields of international cooperation.

Scientific progress made during the last few years has opened new avenues and possibili-
tics for surveillanee, diagnosis, prevention and contrel of achinococcosis/hydatidosis.
xamples are the development of highly sensitive and specific immuncdizgnostic tests for sero—
epideminlogical surveys in areas with endemic alveolar echinococcosis, the mathematical model-
ling of contrcl programs against Echinococcus granulosus and new methods of Echinacoccus
strain identification by means of DNA hybridization technicues. By strengthening of individual
anyl institutional resesrch on oatiomal and internztional levels, v improved internakional ex—
change of specialized experience and mobilization of funds, it should be attempted to apply
the new kmewledde to control of echinococcosis/hydatidosis which s still a sericus human
health hazard in many parts of the world.

Tems Used:

Cystic and nlveolar echinoooccosis {(hydatidosis): Infections cansed Dy metacestodes of
Echinococcus granulosus arkd Bchinocoocus muitilocularis, rvesprectively

1 Report on FAQ/UNERARD Meeting on Research requirements in Echinococcosis/Hydatidoais
ard Tasiniasis/Cystercosis, Ganeva, 29 April — 1 May 1981 (WHO document VPH/B82.34).
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2. Parasite Riology

2.1 Rackground information

2.1.1 Gkrain Adifferencen of Pochinococous gramilosus

Evidence from various parts of the world that biologically distinet strains of E. grapu=
Jomus exist have been confirmed by Further studies {Thonoson, 1986). Considerable attention
ham Desen given during the last few years to characterizing various strains using a variety of
critoria, much as developmental hiclogy (hoth in vive and in wvikroe), morphology  and
biochemistry (isoenzymes), In this way the dog/sheep, dog/cattle, dog/shorse and  dag/oame)
atraine could he further characterized. Modern techniques, such as the NMA hyhridization
technique, have been introduced for strain identification. Tt was shown for sgample that the
DNA hyhridization patterns of the dog/horse strain ate significantly different from the Ao/

sheap strain of E. granulosus.

The examination of WA hybridization patterns appears to be a relatively zimple method
for identifying ctrain differences. Tt iz now necensary to gain more oxperience with this
technicie and o amploy it for extended epidemiological studies in various areas of the world,
A major ohdective of such studies should be the elucidation of strain infectivity to hmangz.

There is clear evidence that the doa/sheep strain and the "northern form®™  (Aog/wild
ruminants) of E, grandlosus are infective for man. The status of the other strains regarding
infectivity te man is still unclear and requires further jnvestigation, The new technicue of
DNA hybridization could play an important role in such studies.

There ir scme evidence that, net only do strains of E. granulosus of different host
origins exizt, but that more than one strain may affect the same host species. For examle,
there are at least two distinct strains of E, granulosus which occur in sheen; one on the
Australian mainlardd and ancther in Tasmania.

Al Strain differences of E. multilocularis

There iz ample rpidemiological evidence that E. multilecularis in Alazka, Forope, in the
UA¥,Ching and Japan is infoctive to bumans, since olinical canas have heen reported from all
of these areas. Distinct morphological, biclogical and other differences between various E.
miltilocularis isolates have not vet been desoribsd but thiz aspect recuires further investi-
gation.

2.1.3 In vikro culture and cryopreservation

In vitro culture has proved a most useful tool in (a) strain differentiation, (b)) hio-
chemical studies and {(¢) immunological investigations, The stotus of krewledge has been des—
cribed in the VRO (82,34) Docnment (WHO, 198]1) and in a review (Howell, 1986), Rexwmently, the
suceessful long-term in vitro maintenance for many months and the oryopreservation of Fa
multilocularis metacestodes, the in vitro production of E. granulosus and B, mulbilocularis
eqas in intestinal stages previously fertilized in vivo and other progress has been reported,
In vitro techniques are increasingly used for the collection of secretory/excretory antigens
aof larval cestodes.

Cryopreservation of E. multilocularis can now bhe used for the maintecnance of living
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the establishmeont of "parasite bhanks" and the exchange of material between laboratories,
Therefore, cryopreservation techniques shonld be improved and also applied to other Rchino—
COCOUS Stages,

2.1.4 Biechanistrey and molecular biglogy

Studies of the bicchemistry of Echinococous have lagged behind similar investigations of
other parasite groups. However, recent new approaches (McMamis and Bryant, 1986) have opened
new ways of applying biochemical and molecular techniques to practical problems, Exanples are
the analysis of iscenzyme patherns for Zhinococcus strain identification and the application
of recombinant DA technology for antigenic polypeptide synthesis (see 4,1.1.4).

2.1,5 Byy differentiation

Using monoclonal antibodies oncospheres hatched from E. granulosus eggs could be speci-
Eically identified and dxfferpnttated fram Taenia eggs. This technique could be successfu)ly
erployed in a field survey' in Fenya for the identification of the infection risk of humans at
watet holes and other places. An improvement/simplification of immunological tests for egy
identification and/or the introduction of other methods, like DNA probing, is required.

2,2  Major research recpirements

{a) Tdentification and characterization of Echingeocous strains with particular refe—
rence o biological features and the use of biochemical and molecular technicues,
including iscenzyme analysis and DNA hybridization.

(D) Evaluation of the extent of straip variation an & world=wide basic and determinabion
of the influence of strain variability on parasite infectivity and pathogenicity to
man and on epidemiology of echinoooecosis.

(¢} In wvitro maintenance and cultivation of wvarieus Rchinocoocus stages with specia)
refersnce to mass production of Echinoeoccus eggs in vitro, identification of hio-
chemical and physiclogical parameters influencing in vitro development, lemg=term
matrtenance and cultivation, maintenance and cultivation 1in chemically defined
media, cultivation of parasite cells, spplication of in vitro systems  for  drug
acreening (see chapter 6.2),

{d) Cryopreservation of Echinocoogus stages.

(2) Molecular biology and biochemistry of Echimscoocus with fpecial reference to Fo
muitilocularis,

(£} Identification and Adifferentiation of Echinocooous eggs using MR hybridization
technicues (see also chapter 5).

3. Host-Parasite-Relationship

3.1+ Background infotmation

Recent, studies onh chemotherapy of human echinococcosis  (see chapter 8) have demonetra—
ted considerable gaps in our krowledge on the natural history of the infection, mathogensegis
and the immne responses of the host. These aspects should be stodied and coneidered in relas
tion to strain differences of Echinocoomus,
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in . wiltilocularizs new morphological Adata are aveilable on the made of metacestode
neolferation and metaskasis formation in the intermediate host. However, the hasic guestion,
hew the partanite 15 able to evade the host's immune mechanisns, 1s still unsolved. The same
apolion 1o the rale of imme mechanisy in pathodenesis. A similar situation ewists with ree

aard ko B, oaranulosus.

Besearch in this field iz difficult and partially inhikited My the lack of adequate ani-
mal models representative €or numan disease.

Special attention should be paid to the development of reliable diagnostic methods for
identifying the viability status of mekacestodes in vivo within the human host.

20 Madar research recuirements

(a) Re—evaluation of the natural course of E. gramilosug, E. multilecularis and E,
vogeli infectjons in humans with special reference to the use of modern diagnostic
techniques such as compurer assisted tamography (CT) ultrasound examination (US) and
nazlear magnetic resomance (NMR). Special attention should he given to diagnostic
procedures which could reflect the viability status of the parasite in the living
patient,

() studies on mechanisms of pathogenicity (for example cytotowicity and proliferative
capacity of metacestodes), immune responses and immuine suppression.

—

{g) studies on the response of the parasite to chemical injury and the nature of the

procesaes of destruction or recovery.
3,2,2 In Animals
{n) Evaluation of the rormal course of infection and development of metacestodes, espe—
cially the contro)l mechamisms leading to abortive infections. Studies are reguired
to determine the nature of the distribution of metacestodes in intermediate host

populations and the contrel mechanisms determining this,

{b) Studies on mechanisms of pathogenicity (for ewample, cytotoxicity and proliferative
capacity of metacestodes), immune tesponses and immune suppression.

{c) Studies on the response of the parasite to chemical injury and the rature of the
processes of destruction of recovery,

4, Trmnunolagy

4,1, BRackgrours information

4,1.1 Inguneciognasis

During the last few years significant progress has beeh made in immunodiagnosis of coystic and
alvenlar echinceoocosts of humans and in related fields {(Schanty armd Gottstein, 1986; Rickard
and Lightowlers, 1986),




WHO/CRG,/VPR/87, 72
page o

4,1.1.1 Immnodiagnosis in humans

(a)

=}

Sero~epidemiology

Mew averues for serceepidemiclogy have been opened by the isolation of a species
specific antigen from metacestades of E. multilocularis. This aptigen, dencminated
ar fraction Emp, exhibits a high sensitivity and specifieity in the ELISA. There—
fore, the FLISA employing thiz antigen {= Any-ELTSA) has a high predictive value
in sercepidemjolegical studies aveolding false-positive reactions and cross-reac—
tions. The Emy-ELISA has recently been successfully used in large seroeepidemic-

logical surveys of human populationz in Switzerland, France and Alasks/USA.

The results show that:

- an early detection of alveclar echinococcosis in humans is feasible,
the Emo-BLISA is a reliable technique for collecting of cpidemiclogical base-
lire data on zlveolar echinccacoosis in human populations,

= the Emz—ELIZA can be adapted for rapid diamosis under field conditions,

Differer.ial diagnosis

Based on the similténsous use of the species—specific Mnp-antigen and a further
antigen fraction (EM;) conkaining coponents of both E, multilocularis and E.
granulosus an HLIZA for the differential diagnesis (DD-ELISA) of humen cases of
alveglar and cystic echinococcozis has been developed, This test exhibits a high
discrimination rate allewing a correct differential diagnosis between the two forms
of the disease in 95 % of the cases. Tn various geographical sreas identical discri-
mination rates have been obtained indicating that potential Aifferences in Fchino—
goccus straing do not influerce the results of this test.

In the DI~ELISA the diagnosis of alveolar echinococcosis is highly specific and
cross-reactions and/or false-positive reactions do not olay a role., On the other
hand, in the diagnosis of eystic echinococcosis such reactions cannor e excluded.
Infections with Taenia solium metscestodes, with £ilariid and some other nematode
groups as well as with btrematodes may lead to cross-reactions. However, the latter
can be (at least partially} clarified by the detection of the arc-% nrecipitation
line (exclusion of nematode and trematode infections, see 4.1.1.1., @), and the dee
termination of antibedies specific for T solium by & Western Rlot technique (come
firmation of T. solium cysticercosis).

The DO~FLISA is of proven value in the species-specific diagnosis of individual
clinical cases and in serceepidemiological surveys carried cut in aress with sympa—
tric oocurrence of E. multilocularis and F. granulogus.

Detaction of arc-

Using immunoelectrophoresis (IE), the arce precipitation line can bhe dotected in
about 75 % and 60 % of the humen cases with cystic and alveolar echinocuccosis,
respoctively. Demonstration of arc-5 may be considered as diagnostic confirmation of
either B. granmulosus, E. multilocularis or E. wogeli infections in hugnan patients.
As are=5 is also produced with 510 % of the sera from cysticercosiz (T. solium)
patients the detection of arcb can only be reqarded as cestode group-specific.




WHO/CIS/VPR/ 87,72
page 7

Are=5 counterimminoelactrophotesis (CFP 5) can be carvied oot on sgar qel or ol
lose acetate and iz more rapid and a slightly more sensitive test than comventional
L.

{d) Tmmunogliobulin classes

Specrific TgF antibodies apoear to be relatively =ensitive indicators for surgical
reinoval or death of Echinocoocus metacestodes in tumans, However, the exact relation
of gpacific gk levels and the viability status of the parasite is still unclear.

(@) Circulating antigens and irmmune complexes

Circulaking antigens (CAg) have been detected in 33-85 % of the sera from patients
with cystic echinccoccosis, and immme comlexes were demonstrated in 70-90 % of the
cageg. Positive results for CAg in antibody=negative patients indicate that a Cho-
BLISA could he of value as an adjunct diagnostic test. The potential value of a
CAg~ELISA for post=treatment [(surgical and/or chemotherapeutical) evaluation has to
ter further assessed,

4,1.1,2 Imunodiagnosis in intermediate host animals

There is still mo satisfactory immonediagnostic system available for the specific dia-
gnosis of Jarval E, granulosus infections in domestic herbivores.

However, some progress has been reported recently. An ELISA amploying two  antigens
derived from E. granulosus cyst membranes and protoscolices, respactively, has been described
as useful in dekecting, on a flock basis, those agecohorts of sheepn with high E, qranulosus
infection rates, In field situatinns, thiz test would be unable to detect the true prevaleance
of E. granulosus infection in individual sheep. There is some evidence that injection of anti-
gen may provide & challenge resulting in elevated antibody titers in infected animals. Thess
vechniques could be useful for detecting infected flocks andfor imdividual animals.

4.1.1.3 Tmunodiagnosis in final hosts

In & recent study with dogs experimentally infected with 2000000 protoscolices of Fa
granulosus serum antibodies against scolex excretory/secretory and protoscolex antigens could
be detectod boginning at 14 days post infection  until the emd of the ewperiment at day 75.
Theme antibodies did not cross-react with antigens prepared from Taenia ovis, T. hwvdatigena,
T. pigifommiz and from important dog nematodes (Ancylostoma canimum, Trichuris wilpis  and
Toxocara caniz).

Such a test aystem which is presently heing evaloated under field conditions could be of
qreat value for the identification of dogs infectad with E. granulosus. A similar test would
alas be useful in identifying foxes, dogs and oats infected with E, multilocularis as this
procedure would be simpler than parasite detection at necropsy. Also, potential health hazards
involved in fox necropsies could be reduced by the introduction of an immunodiagnostic test.

An alternative way of identifying final hosts infected with intestinal stages of Bchino-
gocens by detection of copromantigens has apparently not yet been evaluated.
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4.1.1.4 Antigen purification and smthesis

As mentioned under 4.1.1.1. (3} a species-specific antigen hag been isolated from meta—
cestodes of BE. multilocularis (fmg-antigen). This antigenic polypeptide (M 54,000 apd pl
4.8) has a high diagnostic sensitiviry and species—specificity. Using recombinant DNA tech-
nigues, specific E. multilocvlaris antigens bave recently been produced by bacteria in vitro.

The bictechnolegical production of large quantities of sensitive and specific B, mulhi-
locularis antigens for diagnostic purposes appears now to be feasible, Also, antigens of E.
granulosus have been synthesized by Escherichia coli in vitro.

4,1.2 Tmmunity and immunization

4.1.2.1 Adult stages

Some studies suggest that after immunization with antigens derived from adult stages or
protoscolices of E, granulosus, a proportion of dogs in a population may develep s certain
degree of immunity against re-infection with protoscolices. This partial protection may result
in dectease in numbers and size of worms and & reduced fecundity (Heath, 1986; Ito and Smyth,
1987). However, the results obtained so far ave conflicting, which may be in part ascribed to
the lack of hosts' immunity or unresponsivensss rather than the lack of immunogenicity of the
parasite. Other work indicates that genetic factors may play an inmportant role in resistance
patterns of the host to adult cestode infections.

Dogs have been shown to develop antibodies against oncospheral antigess of Taenia hvda—
tigena and T. ovis but this immune response failed to prevent challemge infections with meta=
castodes fram either homologous or heterologeus infection.

Virtually nothing is known on the immune reaction of Final hosts against B. multilocu—
laris.

4,1.2.2 Metacestode stages

Immunity of sheep to E, granulosus oyst development can be naturally acguired or arki=
ficially induced. A single injection of E. gramulosus oncospheres results in significant
resistance to challemge infection, and after two injectionz a higher degree of resistance is
detectable, A high degree of protective immunity is also irduced by the injection of secretory
products of oncospheres cultured into 14 day old cysts in vitro.

Rowever, the limited availability of B. granulosus eggs preclude ary development of
large-seale immunization procedures. Therefore, it is necessary to symthesize the recquived
antigen by recorbinant DHA technology.

Many aspects of the mechanisms of the intermediate hoste' immune responses against
Echinooooous metacestodes are unelear and have to be further studied, especially in view of
artificial immunization of intermediate hosts,

4.1.2.3 Impunological carrier systems

Recent information shows (Dougan et al,, 1987} that live attenuated sbrains of Salmo=
nella are showing promise as live oral vaccinmes against human typhoid fever and other Salmo-
nella infections of man and animals. Attenuatjon can be achieved by introducing genstically
defined, nom—reverting matations into specific genes on the Salmonells chromosome. These o
tions inhibit the ability of the bacteriz to multiply in vivo, and straing carrying such
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lomions are offective vaccines against salmonellosis. Genetic determinants onding for the
expression of potentially protective antigens from heterolegous, non-Salmonella pathogens, can
be readily introduced into these atteruated Salmonella straing, The prospects for the use of
live Salmonella vaccines as a cacrier for delivering Echinococtus amp. antigens should be
intensively evaluated in final and intermediate hosts.

4.2,

Mador research recuirements

4,2, Ipminediagnasis

4,2.2

(a)

(ch

(3}

te)

(£}

{g)

(h}

(1)

Mams production of speciesgpecific E. mulkilocularis Eng-type antigens by recom-
binankt DNA technologies.

Development of a species-specific and sensitive test for the immunediagrnosis of lar-
val E. granulosus infecticns im man ard fam animals (cattle, sheep, swine, horses,
camels, ekc.) for monitoring the progress of control programmes, including mass pro-
duction of a specific antigen using recombinant DA methods for in vitro synthesis.

Collection and/or production of defined muman and animal reference sera containing
antibodies against Echinococous sop., Taenia and other helmimth parasites. These
sera are necessary as references for standardization of immnodiagnostic technigues
and for use in studies on the specificity of cloned Echinococcus antigens.

Development of an immnediagnostic "exposure® test for humans in endamnic Zones based
on the detection of anti-oncospheral antibodies.

bevelopment of simple immnodiagrostic tests for field application.

Fxtensive serc—epidemiological surveys for human alveolar amd ¢ystic echinoooccosis
in endemic areas using species-specific and sensitive amtigens in the ELISA system
with high predictive value.

Elaboration of biomathematical models and instroctions for national and inteyna-
tional serc-epidemiological surveys.

ldentification of final hosts {dogs, foxes, cats, ete.) infected with Echinococcous
. by immonodiagnostic techniquez (detection of setum antibodies and/or copro-
antigens).

Immunodiagnostic identification and differentiation of Echinococcus and Taenia eggs
using molecular and imminadiagnosite procedures.

TIrrmunity and immunization

{a}

()

Tdentification of specific antigenic poly-peptides involved in  immuneprotection
against Echinocoocus infections in intermediate and final hosts. Study of the immone
evasion phencmencn in larval Bchinecoocus infections, Elaboration of basic data on
the intetaction of larval and adult Fchinococcus spp. and the humoral amd cellular
immice systems of the hosts. Studies on the potential of immunotherapy in protection
against metacestodes,

Malesular cloning of Echinococcus genes for in vitre production of protective anti-
gensE,
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{¢) Development of vaccines against larval cestode infections in farm animals.
(d) Studies on the possibilities of vaccination of final hosts against Echinococcus spp.

infections.

{e) Special attention should be given to new poszibilities of using  ireunological
carrier systems for vaccinstion against Echinococcug.(see chapter 4.1.2.3)

{(£) Determination of the degree of acquired immunity against E, grannlesus or B, milti=-
locularis of animal populations in endemic areas (see chapter 7).

4,2,3 Qther reduirements

(a) Bstablishment of national immunodiagnostic reference centers.

{b) suplies of reference sera and antigens.

() Collection and distribution of sera from bumans with echinococcosis, cysticercosis,
toeniasis and other parasitic infections to assist research workers in developing

new methods.

{3} Set up a mechaniam for new specific antigens (eg. cloned recombinant DNA products)
to be bested under different conditions in different countriecs.

(e} Organisation of training courses for immunodiagnostic technigues.
S Epideniology

5.1, Background ioformation

Since the publication on echinococcosis research requnrements im 1981 (WHO, 1981) signi~
ficant advances in the conceptual and technical understanding of the transmission dynamics of
E. granulosus infections have been achieved, particulzely in mathemarical modelling of the
life cycle of B. granulosus and of Taenia gpecies (Camell ot al., 1987). It could be Aamon—
strated that the "basic reproductive rate™ (Ry) i&s the major factor that determines the
dynamics of transmission, and hence the stability of the parasites' life cycle. If the repro-
ductive rate of an Bchinococcus species and the dedgres of scguired immunity stimplated in the
intermediste host population are known, then the amenability to comtrol can be calculated. In
E. multilecularis seasonal changes and [luctuations of host abundance have also to be consi-
dered. The application of a mathematical model to the epidemiological situation of B. granu-
losus has enhanced our knowledge of the kransmission process znd explained why it is rela—
tively easy to destabilize the transmiszion cycle and to achieve effective control in contrast
to Taenia ovig and [ bhwydatigena infections,

The present possibilities of mathematical medelling an? the increase of related know=
ledge should be used for intensive studies of the specific epidemiclogical key factors in
varicus parks of the world.

There are big gaps in our knowledge on ebidemiclogical btase=line data, like prevalence
rates of echinocccoosis in human and anime] populstions, on parasite-host-assenblages, Speci-
Fic way= of transmission, immune status of the host populationz and others,
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5.2  Major research requirements

(a) Preparation of a computer program for standardized collection and evaluation of api-
demiological base-line data on E. granulosug, B. multilocularis and E. vogeli infec-
tions in mman and animal populations.

(k) Assigreent of national and regiomal centers for stasdardised data collection on
human cases of echinococcosis, pericdical aszessment aned publication of these data.

Establistment of matjonal and /or regional refarence certars for immmodiagnostico
tachniques which may take over coordinative functions in serc—epidemiological sur—
veys,

{¢

() Preparation of instructions for standarvdized techniques of Echinooooeus strain iden
tification.

(2) Sero-spidemiological surveys on human alveolar echinococcosis in various endemic
areas using an ELISA system with bigh predictive value, aiming at early diagnosis
arkl treatment of cazes and better understandimg of epidemiological factora,

(f

—

Similar surveys on E, gramulosus infections az soon as spegies-specific and highly
sensitive antigens are available, Animal populations should be included, provided
that adecuate test systens would be available,

(q) Identification of Echinococcus straing, clarification of their Aovelopmental oveles,
infectivity to humans and their epidemiological significance in various regions.

{h) Determination of spidemiclogical key factors, such as the "basic reproductive rate”
(Gemme]l et al., 1987) for E. gramulesus and E. multilocularis, using recently
developed mathematical modelw (Gammell et al., 1987). There iz a zpecial need for
research on E. multilacularis, In this case kmowledge on fox ecology gained from
rabies research and on populatjon dynamics of rodents has to be incloded and comple—
mented by new research. As a prerequisite to the construction amd apelication of
zuch mathematical meedels, there is an urgent need for studies on the reproductive
and developmental bilogy of Echinococcus {including egq production/fecundity, patent
periods, egy "layimg™ behaviour and mode of egg release, longevity of adult worms).

6. Chemotherapy

6.1. Background information

Since the publigation of the VPH Report No. 82,34 in 1981 (WHO, 1981), relatively little
progress has been made in chemotherapy.

6.1.1 Cestodicides

Medicated dog food containing praziguantel as a safe and effective anthelmintic agpinst
B. granylosus, E. miltilocularis and other cestode species is now available. However, expe=
rience in its extensive use in control programmes against Echinococcus spp. infecticns in
domestic and wild carnivores is still very limited. Apparently, progress in the development of
Flow relense devices and of new drugs was not made.
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6,.1.2 Metacestodicides

In 1981, the WHO Parasitic biseases Programme launched a series of coordinated, multi-
certric clinlcal studies on the treatment of human echimoeoccosis wikh benzimidazolecarba-
mates, The patients were treated according to a WHO protocol. Preliminary data for the peried
1982 to 1984 were published by Davis et al., (1986). Treatment of 85 patients with mebendazole
for cystic echinocoreosis was successful in only B8 ( 9.4%) patients and partially successful
in 4 {4,7%) others, while clinical improvement was stated in 40 (47.1%) patients, Treatment of
30 further patients with albendazole exhibited slightly better results.

In 54 patients with alveolar echineeoccosis it was confirmed that lomg-term treatment
with mebendazole stabilized or improved the c¢linigal comdition in 38 (70.4%) of the
patients.This may be indicative for arvestment of the parasites. Review of the present know-
ledge (Pokert, 1986) indicates that adequate arimal woadels for primary drug scieening are
available and a broad methodalogical knowledge has beep acoumulated in chemotherapy of human
cases, Althowgh the available drugs, like mebendazole and albendazole, appear to be partially
effective in & certain proportion of human cases (see above) they are not optimal. Therefore,
there is an urgent need for druy screening programmes and the development of an effective
chemotherapy for treatment of human echinoooocosis.

The use of drugs against E, granulosus metacestodes in farm animals in control pro-
grammes could only be feasible if anthelnintics with a high efficiency at a single dosis would
be available.

6.2, Major research recquirements

6.2, l.Metacestodicides

{a) Development of velisble in vikro systems for screening drug efficacy against larval
Echinocoocus and other cestodes.

{(b) Intensive screenirg for new drugs against larva) cestodes using the available models
for primary druyg screeming (see WHD, 1984), Improvament of animal models for secor—
dary drug screening.

(¢) Basic studies on a rational approach to chemotherapy against Beohinococous metaces-—
todes, including cyst permaabdlity, targeting moleties that can be used to affect
gpecific delivery of drugs to the parasite, molecular mechanisms of antiparasitic
drug efficacy.

{d} Improved systems for drug delivery against Echinococous metacestodesz such as lipo-
somes, slow-release devicesz and mini-osmobic pumpea.

(e) Studies on the influence of drug formulation on efficacy of benzimidazoles and other
drugs ageinst larval cestodes and on bicavailability in hosts., .

(f

—

Improvement of methods for the assessment of drug efficacy against Bobinocoeous
metacestodes in man, with special reference to the viability status of the parasite
(zee also chapter 3},

(g} Bvaluation of possible side—effects of long-term treatment of human echinocoooosis
patients with benzimidazole compxunds,
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(h) studies on the role of chemotherapy in the prevention of secondary hydatid cysts
fol loWing surdgety.

(i) studies on the factors (host and parasice) responsible for variation in the response
ta chawtherapsy.

6.2.2 Costodiciden
(a) Attention zhould be given to the evalutaion of drugs with the potemtial for pro-
lorged release in the definitive host and particular attention given o any new
drugs with ovicidal effects,

7. Control

7.1. Background information

In several areas, like New Zealarnd, Tasmania and Cyprus, control strategies have resul-
ted in a substantial reduetion of E, granulosus in final hosts, intermediate hostz and human
poplations (Gemmell et al., 1987). The control strategies applied in the various regions
differed but were mainly based on {a) chemotherapy of infected dogs, (b) prevention of dogs in
gaining acoess to raw offal containing coysts and {c) control of dog populations. Theoreti=-
cally, these control measures appear to be relatively simple and easy to apply. In practice,
however, highly efficient control agthorities and structures, the mecessary ebidemiclogical
base-ling data, considerable experience and finmancial sources are required to achieve success—
ful conkrol.

There are now a numbey of countries that are considering developing programmes for the
control of echinococcosis. In the past, many years had to elapse before it <ould be determined
whether or oot the right control methods had been selected. This hampered ot even prevented
the introduction of control in some cases, Thiz problen can now be solved because new techno-
logy iz available for the prior selection of the most cost—effactive option. Such are the
costs of developing and sustaining a successful control programme, that a well documented cost
estimation may be found to be a prerequisite for convincing the legislature to suport any
project.,

The technology involved includes (a) collection of bhase-line data and guantification of
health and economic problems, (b) preparation of project proposals to the stage at which they
can be submitted to the legislature for fumding, (o) idemtification of cost-effective methods
before and during the course of the campaign and (d) development of appropriate computer sur—
veillance programmes {Gemmell et al., 1987).

The Hyvdatid Hesearch Unit in New Zealand has had many vears of intermationa)l practical
experience in these Fields. It now offers a service through the New Zealand Goverrment to
countries contemplating, embarkimg on or wanting to upgrade their control programmes,

Inspite of this progress it has to be kept in mind that control schees as described
anove are difficult to apply to special epidemiclogical situations like the wild-life cycle of
F. granulosus or ko the sylvatic cycle of E. multilecularis because of the complex epidemio-
logical situation.

Therofore, research opening new ways of control, like immnization of final and inter-—
mediate hosts, is urgently needed (see chapter 4).
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7.2, Major regearch requirements

(a)

)]

(c)

(i}

(£)

7.3 Other

(a)

Appropriate new educational techniques with a view to chamgirg established behaviour
patternz that have exposed humans to infection.

Operational research for optimal control strategiss and prograpmes.

The need for pilot control projects using sentinal animals should be enphasised, in
order to asgess the applicability of established control programes.

Application of established control strategies against B. granvlosus (chemotherapy of
infected dogs, prevention of dogs in gaining access to infective cysts, regulation
af doy populations) using computerized surveillance and evaluation programmos and
expert advice in countries with health problams from cystic echinococcosis.

Research on new methods for E. granulosus control should be enphasized. For example,
the vze of biokechnological procedures in the development of vaccines and irmuno—
diagnastic tests For intermediate and definitive hosts.

Mew rorategies for B. maltilocularis control have to be developed. For exanple,
methods for controlling of echimococcosis in foxes by "baiting” or other means of
"self-apolication”™ of drugs should be studied. Expertise gained from vaccination of
foxes against rabies should be considered in this connecticon. Moreover, bthe pros-
pects of immunizing foxes and other final hosts against E. multilocularis have to be
evaluated. In this respect the modern systems of immne carrijers for hateroalooous
antigens should be exploited.

Measures

Aivaneed training courses for management of ¢onkrol programs,

8, General recommendations

The

foregoing lists of research requirements are not exhanstive hut cover some of the

major areas of actual interest, From these items the following general recomendations can be

Aecdhuiced:

{a}

Urgency should be given to research on molecular biclogy of Echinococcus, especially

to DMA hybridization techniques for the identification amd differentiastion of

Echinooooous eqas and shraing and to gene ¢loning with subsequent in vitro synthesis

of gpecies—specific antigens For diagnostic and immunization purposes,

In view of the existing possibilities of gene kechnology, the production of vaccines
against Echinococcus metacestode infections of  intermediate hosts seems to be
feasible, The prospects for immunizing final hosts against Fohinococous should e
further studied. In both cases the potential of uzing attenuzbed Salmonella strains
as carriers for heterologous antigens may offer new avenues for vaccination of final
and intermadiate hosts. Related research should e given a high priority.

Successful vaccine development is depending on proaress of research in various
fields, =such as in vitro cultivation of Echineococcus and the safe mass production of
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(@)

{e)

(f)

—

{9

(h)

(1)

(1)

{k)

eggs for immnization trialz, elucidation of the major mechanisms of immune protec-
tion and natural resistance as well as of a detailed koowledge of epidemiological
key factors,

Fecent prograss in the development of a species-specific FLISA (BEmy=ELISA) for the
detection of E, multilocularis infections in human populations offers new perspec—
tives for the early diagnosis of the infection and the collection of base=line data
by extensive serceepidemiological surveys on natjonal and international levels. The
mass production of mz—type antigens, the wide application of the Emz-P:LISA and
the development of similar test systems for E. granulosus should be enhanced.

In epidemiclogy the identification ard characterization of Echinococcus strains by
means of advanced technigues, such as ™A hybridization, and the use of mathematical
models for determining epidemioclegical key factors, such as the "kasjic reproductive
rate”, have to be regarded as important research requirements. Special attention
ghould be given ko BE. multilocularis.

For surveillance and control new methods (possibly based on detection of serum anti=
bodies and/or copro-antigens), for the identification of infected final hosts are
urgently redquirad.

The further development and evaluation of ultrasound examination for the early
detection of E. granulosus infection in human populations should be supported.

Recent research results indicate that chemotherapy of larval cystic and alveolar
echimnococeostis in animals and man iz principally possible but the presently avai-
lable drugs are not sufficiently active in the treatment of human cases. Therefore,
all aspects of basic and applied research on chemotherapy of echinococcosis should
he given a high priority. Other methods for effective therapy, for example immuno~
therapy, should be supported.

Recently developed mathematical models of the life cycle of E. granulosus have
opened new possibilities of epidemiological research and improved control by means
of established technigues, such as mass drug treatment of doge. The applicability
and potential of these models and of the existing swpertise in further endemic areas
of the world is recommended,

Moreover, the development of new concepts of echinocooepsis control is an urgent
recuiveament, especially with regard to E. miltilecularis, As mentioned above (8,b),
immunization of intermediate bosts of E. gramulosus and of fimal hosts of E. granu-
losus und E. multilocularis micjht be part of new conceptual strategies.

WHO should assist research groups, especially in activities for multi-disciplinary
and international approaches by means of the following measures:

Rasigrment of *WHO Working Groups on Echinococoosis" responsible for the periodical
up~dating of the echinococcosis research requirements and for encouraging the coor-

dination and collaboration of research activities.

Develaaent of a network of national centres for research, data collection and
immnedisgnostic technigues.

Assiztance in the coordination of clinical studies.
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—  Assistance ip the dissemination of information and specimens.
- Technical support in implementing control programmes in various countries.

—  Technical assistance with the collection and distribution of sera from humans with

echinococcosis, cysticercosism, taeniasis and other parasitic irfections to assist
research workers in developing new methods.

~ Technical assistance in the establishment of a mechanism for new specific antigens

(pg. cloned recombinant DNA products) to be tested under different conditions in
different countries.

(1) The World association for the Advancement of Veterinary Parasitology (WAAVE) should
mooperate with WHD in organizing regular symposia on echinococcesis during bhe WAAVE
conferences.
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