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1. DBackground

Liver fluke infection is a major health problem in
Southeast Asia, the Far East, and Central and Lastern Europe,
with at least 40 million people currently infected. In
Thailand alone, it has been estimated that at least 7.5
million people (about 15% of the population) are infected with
Qpristborchis viverripi and the prevalence in some districts is
&t lcast 90% or higher.

Attenmpts thus fer to control the «aisecase include
interuption oi lifc cycle, case detection and chemotherapy.
These approaches with the exception of a trial mnass
caemotherapy with prazigquentel in small villages are not
satisfactory. Reinfection readily occurs arter chenotherapy
but can be reduced if such treatment is accompanied by healtn
cducation aimed¢d at changing food habits and inproving
sanitation and perszonal hyaiene.

Currently the aiagnosis of Q. yiverripi infection, based
on the detection and identification or eggs in the feces, is
tecious and time-consuming, and is reliable only under tne
supervigsion of experienced laboratory personel anc therefore
does not lend itself to wide application aeccessary for discase
control progyrams in highly endemic area.; where new cases alone
overwhelm liboratory capacities. llorecover, cases with light
infections and when there is biliary obstruction such as
cnolangiocarcinoma can result irn false negative findings. The
development of a simple, sensitive and specific test for
antibodics to the paresites would provide a useful tool for
epidemiological  surveys, giving information on previous
exposure to thne paresite and, perhaps, some indication of
pathological complications. The test can be used to monitor
the success of chemotherapy as well as the rate of
reinfection,.

ferological tests ror the detection of serum antibody
including precipitation, agglutination and complement fixation

have becen used in the past. Fowever, the results are not



satisfactory as they lack sensitivity and specificity, and do
not lend themselves readily to be used in small, poorly
equipped leboiatories. The development of enzyme-linked
immunosorbent assay (FLISA) has reactivated the interest in
developing scrologicazl mnethods for the diagnosis of liver
fluke infections. In recent years, ELISA has been used in
attenpting to findg suitable immunodiagnostic nmethods.
Powever, duc to the complexity of the antigens available, the
test lacks specificivy. An indirect immunofluorescent test
has also been used but the technique cannot be rezdily
performed in most laboratories in Thailand. The characteri-
zation and purification of parasite-specific antigens is hence
a necegsary starting point for establishing suitable sy stems
with dizgnotic potential. l'oreover, some clucs as to the
possible immunological basis for protection may be obtained,
thug allowing immunoprophyloxis or a way to enhance post-

exposure immunity.

[

+ Objectives

The main objective of this project is to develop a simple,
sensitve ana specific immunoassay(s) for the diagnosis of
human liver fluke infection czuscd by Opisthorchis viverrini.
While the principal aim is to detcct specific antibody in the
serum and/cr other body f£luids (e.g., saliva and bile), a
simul taneous development of a method to detect specific
parasite antigen(s) will also be corried out. The immuno-
assays to be devcloped shoulc:

a. Pe able to establish diagnosis ig suspects
including those with low intensity of infection.

b. Identify Q. wviverrini infection in patients
with biliary obstruction end other
complications.

c. Re reliabiy and extensively jerrormed by
laboratory personnel with minimal laboratory
training.



d. DRe able to monitor the efficacy of individual
ana mass anthelmintic treatment zas well as

reinfeeticn,

The approach is to charecterize, identify and purify
relevant antigenic components by appropriate physicochemical
and immunological methods using a battery of scra from
infected individuals, rabbit polyclonzl and mouse monoclonal
antibodies. Initial steps in the attempt at production of
relevant antigens by recombinant E. ¢oli carrying genomic Q.
viverripi DNA fragnents will elso be made. Pclyclenal and
nonoclonal antibodies togetner with corresponaing relevant
antigens cceveloped will be wused in  the formuletion of

imnunoassaye.

Besezrch activity
Aetivity 1: Ereparatiop of specific_aptigcns

(A) Aadult _worl_apltigens. This is a continuation of the
vork already described in Progress PRepori Ho._ 1. The paresitc
cycle is being maintained continuously for botl: somatic
extract and excretory-secretory procduct in hamsters kept in
the Animal Center of the Faculty of Science. Currently there
are about 100 hemsters infected with approximately 100

netacercariae each.

(B) lMetacercarjial_aptigens. kgain this is a continua-
tion of the work described in Progress Report le. 1. The
combined material currently available is still insufficient to

carry on any extensive work.

(C) Surfoce_ tegument. External svriace of adult worms
was extracted with 1% deoxycholate for 60 min at 4°c, using
100 @ault worms in 3 ml of the detergent solution containing
50 ¥ Tris-HCl pH 7.4, 150 rM NaCl and 10 rll ethylenediemine-
tetraacetic acid. The extracted material was centrifuged at



25000 rpm for 15 min and then dialyzed in saline to remeve the
detergent. The dialyzed extract was kept in small alliguote
at -20°.

(D) Seluble egy aptigeps. Adult worms were homogenized
in & ground-glass homogyenizer &5 previously describeg in
Progress Report Ro. 1. Fage, largely intact at this time,
were separcated by oravity, washed several times in saline and
cllowed to sediment & few more times to minimize cellular
cebris. The wsuspension was finally homogenized, this time
very extensively, in order to break the eyg siell, The
procedure was carried on until a majority of eggs were broken,
and their content released, as observed by light nicroscope,
The cuspension was ther centrifuged at 3000 rpm for 30 min and
the protein content of the supernatant fluid was determined by

the Folin method.

Lekivity 2: _Productiop of polveclopal_rabbit antisers

Rebbits verc immunized with surfece tegument esseptially
as dcscribea in Proyress DReport lo. 1. Antiscrum to egg
antigens was prepared by immunizing the animale with intact
€Ggs. The mnaterial was prepared by mixing 1.5x106 eggs
suspended in 0.1 nl of saline with an cqual volume of conmplete
Freunda’'s adjuvent. The animals wzre boostered 2 months later
with a totcl of 1.5:(106 egys suspended in seline and bled 1
weck tlherearter.

Thece antiscra, together with those produced earlier in
the previous report, were to be used subseguently for the
identification of parasite antigens.

Betivity 3: Collectiop of specimeps_from patiepis

Up to now suificient numnbers of serum samples have been
colle:i2d from patients with proven opisthorchiasis (as shown
by the presence of Q. viverrini ecys in stools) and without
any other clinical conplications. These patients attended the



Outpatient Clinic of the Hospital for Tropiczl Diseases
(Feculty of Tropical ledicine). However, &t this time we only
have a few wsanples rrom patients with other parasitic
infections, and these included a few cases with Paragonimus
hefcrxotrenmus, Apgiostrongylug cantouensis, Gratbostoma
spipigerum.,  Plasmodiuw felciparum and hookworm infections.
There was also one pooled serum sample from a group of
individuals infected with Schistosoma mopsopi (made available
from Dr. A. Dharmkrong-at).

Another group ox patients suspected of bhaving been
infected with Q. viverripi (Qv) vere those admitted to Siriraj
Hospital with biliary obstruction. The cannulated bile was
centrifuged anc the pellet was examined for Qv cggs. These
petients were then divided into 2 groups, Qy+ and Qv . The
Qy+ paetients vere then subdivided into tirose with
chelangiocarcinoma (CCA) and those without CCA. The diagnosis
0i CCh was based on the pathological examination of biopsy
materials availeble during the time of surgery as well as on
c¢linial 1npressions andg the characteristics oL bile
secretions. The Qv patients were¢ those with CCA, carcinoma
of comnon bile duct, hepatic and head of the pancreas, stones
ir the comon bile duct, endometriosis or chronic cholangitis.
However, we do not have a sufficient nhumber of patients in
this category yet.

Ve are fortunate to reccive serum samples from Dr. J.W.
Mak (Medical Research Institute, Kuala Lumpur, HMalaysia).
These sesmples were supposed to be from native palaysians who
never woulcé have been exposed to Q. viverripni. These included
several soamples from healthy Malaysians as well as those
having toxoplasmosis, filariasis and verious types of malaria.

We also have a sufficient number of samples from normal
healthy Thais who have never eaten raw or poorly cooked fish
nor resided in the endemic crea.
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Aetivity 4: Selectiop of optimal_conditions_for ELISD

The optimal conditions were determined by a checkerboard
titration, wusing adult somatic extract, E-S antigen and
surface tegumental extrect to coat the microtiter plates,
Suitablc concentration ror 21l 3 antigens were found to be 5-
10 pg/ud. Specific horsercaish percoxidase conjugates werc
purchased from Dakopatts (Copenhagen, Denmark). Conditions
required for the quantitation of specific Qv antiboay
agsociateda with IgG, Igh, IgL or IgH isotypes in the serum and
bile are nov being determirned.

Qur preliminary results showed that it was possible to
select an &assay condition which could clearly cistinguish the
patients from normal healthy controls. A determination of
serum IgG antibody titer appeared to be superior to that of
other antibody isotypes.

etivity 5: Quaptiration of toial iwmunoglobulins

The total leveds or IgG in both serum and bile were
aeterminec by radial iwnunodiffusion technigue. ELISA was
used for the uentivation orf Tga and IQE as well as ol

secretory-component  associcted Ik in the bile 0f  woase

patience, Losignidicone incveoe: 0F DOLa ZelfWd LG billary
- + e . . . o
IgD was notea in Qv paticnis. hbout 50% of patients naa

sccretory Idgi antibody in their bile secretions.

betivity 6: Procuccion of_ wonoclonal aptibodies_agaipnst 0.
viverripi apiigens.

During this reporting period, a number of fusions were
made 1n an attempt to produce mouse hypridomas secretine
monocleoncl antibodies ayainst Q. viverrinpd antiyens. ™o
antigen preparetions were used for immunization of BALE/cG
mice, a conventionzl adult worm somatic saline extract and an
egg-enriched insoluble preparation from disrupted adulte.
Imaunizeticns were made either i.p. (somatic) or s.c. (eggy)lin

Freuna's complete adjuvant, with boosters i.p. in incomplete



adjuvant. Animals primed and boosted with eag antigens wverc
switched to the somatic extract for prefusion buosters for
convenience, insofer as previous studies indicated that
antisera against both preparations imnmunoprecipitated a pre-
sunably identical eantigen of i, approximately 89 ka wiich
appears to be porasite-specific, and the soumatic extract lends
iteelf  Dbetter to an ELISA hybricona screening assey.
Reasonable responses were obtained and improvement with
boosters in all but a couple mice as assayed by ELISA against
sonatic Ag.

Several attempts were made between fusions with ip viv

[[e}

inmunized splenocytes, to immunize spleen celle froi non-
irmune mice in viktro. The justification for this attempt is
that exceedingly small amounts of antigen (e.g., bighly
purified and consequently highly precious paresite-specific
antigen) are recuired, the immunization period is short, anc
the procedure cen be applied to partially denatured antigen
such as tirat eluted frow SBS gels. MAs we narrew down our list
of antigens to those which appear to have better diagnostic
velue or utility rfor veorious experimental applications (e.q..,
an antigen to be cnriched/ purificd for use as immunogen), we
would like to focus the response (or more specificelly, to
restrict our monoclonal antibody recovery) more to just these
antigens. One «dvantage of the hybridoma approach is that
purified antigen is not reguired, however, if crude antigen
mixtures are used in immunization end screening, wany, if not
nost or the recovered lickb may be redundant, being directec
against tuhe some few antigens of limited velue. If lLickb
recovered are to be confined to single comgonents then,
purifiea antigen ig required at at least one of the steps: the
priming ana boosters, the pre-fusion booster (cday-4 or -3), or
the initial screening (or very soon thereafter). Sorting out
and selecting desired specificities at a late stage
necessitates considerable effort/expense in maintaining what
will ultimately prove unncessary clones. Thus, the most



“economical &nd prectical &pplication of preciows purified
autigen woulc be to use it early, and preferebly in a way that
very littlce is needed such as i) viiro imaunizetion. This
approach is being used in porellel with conventional imnuni-
sation at present, @s we have but linited hnowledge of desired
antigen ana apgropriate nmethods of purifying them.

The basic proccdures used for ip vitro immunization have
been talen predomirantly from those described by Reading (J.
Imupol. Lethods 53. 261, 1983) and Van lees, Laemnli aad
Pettijohn (Fro¢. Datl. Acad. Sci. UsSh 81: 7897, 1984).
Soniatic antigen adsorbed to fumed SiO2 was invubated for 5-6

[L%]

days with normal BALD/c spelenocytes with- or witkhout
cdditional peritoncal meacropibiages in the presence of newborn
wouse Lhynocyte-conditioned nmediunm.  An “"induction periodt of
6-8 hour in the absence of serun was used in an attenpt o
winimize competition by serum protein,

Several iuaividuels involved in this Project have made
fusions wusing basically the sance procedure, however, with
either no, or only tenporary ¢rovth. Usually, fusicens sterved
well, witi: hybridonwe grouth in & aigh percentage of wells,
bovever, colony wrowth almost inveariably ceased and cells
began dying within a fev days or up to the first feeding.
Several others guve no hybrid grewth beyond the 4-8 cell
stege.  Since wany of the fusion were either made or tenaed by
pergons in "training scates', & common explanaticn was not
sought for sowe time, however, repeated feailurc forced a nore
gystematic investigation of the problen. Therc appeared to be
no probleas with the basic medie, including the water ; none of
the additives in HAT selection media (pyruvate, non-cssential
amino acids, eantibiotics, etc.) showed inhibition, either
tested individually or sequentiallly added. The complete HAT
media fully supported grouwth of established hybrids and
complete HT medic supported cloning of the myeloma line 653,
Honetiheless, the puzcling observation was that complete HAT

nedia used in an unsuccessful  fusion was toxic to  HAT-
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resistent hybridowas under both clening aud wass culture
conditions. Workinrg bachk frow this obuervotion, ondg using the
hybridoma &s assay for this strange toxicity, we eventually
rouna that the wyelcma celly or their 0.45p filtered (bBut not

6°- inactiveted or 0.1p filtered) supernatant rendered WAT

ta

toxic, suggesting microbial contamination--likely uiycoplasna,
Finally, the 0.1p <filter-sterilized nyeloma supernatant
originelly conteirning HT or simply T could not support hybri-
aoima growth in the presence of & or HA unlees suppl emented
with additionzl thynidire. The precuned mechanism of death
tlen, i aminopterin-toxicity, as a result of high thynidine-
(or pyrimiairo-nuclcoside~) phosphorylase activity of iayco-
plasmal origia, which erfectively depletes ISP nedium of T
Ve ao not know whether such bhigh activity is cherccteristic of
all or most mycoplusmas, or ie strain or species specific,
however, @ potentiel repleacement myelona obtaine from another
loboratery end maintained separetely from all cinher cell lines
ir. our lcborstory has also yeiled this simple bicassey. Ve
have obtained the nmycicia 653 and £1.2/0 from 2 other labora-
tories and are tecting thas by this crude agsay os well eas
their fesabilivy, ete., and arce at the same time attempting to
“cure™ anotier line thircugh antibictic treotment and ascites
cassage, despite the fact that cured lines may differ in liany
important wayes from parent stocks.

Like meny laborctories we have completely overlooked the
potentiel problem of mycoplasma until compelled to confront
it, e were aware that undetected nycoplasma can result in
slower growth, cltered morphology, or even cell ¢eath, and in
the case or hybriceouas, reduced fusability, but in the absence
orf any of these symptoic, we were not convinced that mycopl as-
mal contaminaticn  coula precent difficulties. Clearly,
because of this biochemical effect, it ceén result in almost
total failure of the cycstem, with only a very few hybriconas
surviving to tlie assay stage (we still c¢o not know how thesc
iev mneneged to gqrow). This has temporarily sgetback the

10



hybridoma aspect of the project, however, knowing exactly what
the problewn wvas, we should be able to avoid repetition by
routine screcning., Ve hope that our frustretion is now over
énd that we shall have severzl hybridonas to begin charac-
terizing during the next period.

ectivity 7: _Mttempt ot c¢lopins Q. viverrini_gepes
(2) Isgolation of Q. viverripi frow_ipfeccteg bamster_and

DiA_preparation

Three to six month Q. viverripi-infected hausters
vere killed and the zdult worms were taken from the biliary
tract and gall bledder. These fresh worms were uwsed for
preparation of Dilih, Driefly, 100-150 worms were disrupted by
grinding in gleéss tissuc grincer soaked in ice urtil & fine
homogenate was obtained. Tne cold homodenate was centri-
fuged. The supernatant weas discarded and the pellet was
disgolved in 2z pronase buffer (10 md Tris-10nl LEDTA, 150 i
NaCl, pii &). after wnixing, an cqgual volume of extracticn
buffer contzining 2% sodium codecyl sulfete (&Dg) together
with 1 mg/uwl of pronase was added and incnbated for 3-4 houre
at 37°C on rotator shaker (flip-£flop). The lysate was
extracted -6 times with water-saturated phenol rollowed by
chloroform and ether. Fllase A was added to a final concen-
tration of 100 pg/nl &nd incubated at 37°C for 1 Lour. The
resulting colutiun vas re-extracted with saturated pirenol,
chlcroiorm and cther. This soluticn was finally edjusted to
0.3 il sodium &cetate and 2 volumes of cold absolute cthanol
vas added. The mixture was kept at -20° for at lcast 1 hour
&nd centrifuged to collect DHA. The precipitated DA was
washed with 707 cthanol 23-5 times to remove salts, then
dissolved in 500 gl TE (10 M Tris-HCl, 1 mwh EDTA, pR 7.4).
The purified DNA obtained from 100-150 worms was only about
15-20 pg.

11



(BY. Rlaspid_preporation
E. gcoli J11 107 hearboring pucCl2 wvas grown in LB-brotl
containing 100 .g/ml of empicillin at 37°C on & shaker until
log phase. The plasnida was cuplificd by cadition of chloren-
paenicol to o fincl concentration of 170 1o/l ond Lurther

ircubated overnight, Culture broth wac centriruced to obteain

& cell pellet, The pellet was suspended in § ul of 50
clucose, 25 i Tris-ICl, 10 niM DDTA, pH o8 containing 2 ng/ul
lysozywe and incubated on ice for 30 winutes. 5wo volumcs OF
freshly preparedé 0.2 B naOll- 1% SDS waeg added, gently mixed
ana further stood on ice for 30 minutes. The misture vas
neutralized by 3-5 ml of 3 i sodiun acet.ate pii 4.3 and contri-
fuged arter keeping for one hour on ice. The supernatant was
precipitatea with two volumes of absolute cthanol eandg hept
overnight at -20°%. DA was pellcted by centrifugation,
vasined with 70% cthanol and dissolved in TE.

The plaswia  soluticn was further purified by CuCl
ultrecentrisuvgation at 45,000 rpm for 18-20 hours at 20°C.
The plasnio band wvas collecved, washed, precipitated ana then

ulcgolved in 7',

(C) Copglruciion of recombinant plaspids_apg

Lropgiormation into E. coli Jij_101

pua from adult Q. yiverrini was partially cut by
using therestriction enzyme Seu 3A to get small fragnents
about the size of 1 Kb, The DilA fragments were ligated at the
Eam HI site of the bacterial plasmia pucCi2 Dy using T4 DHA
ligase,. These recombinont plasimidas vere transformed into E.
£oll Ui 107 using the DISO method (Hanahan D. J. kEol. Biol.
166: 557, 1983) oand identified for recombinant colonies by
spreading on LB-Agar plate containing 00 ug/rl  ampicillin
togetlier with 200 Rl Isopropyl -D-thiogalactopyranoside
(IPYG) and 2% S-bromo-4-chlero-3-idolyl p-D-galactopyranoside
(x-Gal) .

Recombinent plasmid construction was done uging

12



plesmic pbCl12  ond peresite Dike ot o retie of 1:4, The
concentration o plesmid was about 30 ng/pl. The recults ol

tlie transiformation cyperiment are shown in Table 1.

Dable 1. Wrensiormation of By coldi Jit 107

Plazinid Plesmia concentration Bfficiency

(colcenicu/pg DIIA)

- t
puc12 100 wg 1,50:230
5
recombilnant 50 ny 8.42:)0
. - ¢
Llagniad 25 ny 2.52510
.6
4 g 4.10x10

Only 20% or &the utotal trawsiormantz on IPTG + x-CGo

platey snoved whive coior. To check the average cize of

insertea s, wviive ceolonics were rando.ly ypicred for pleaunio
ecrtroction ond cuié wivl: Beoll. Ly comparing restriction
petterns with puCl2 in 0,7% ogarose gel electrophoresis, the
size ol inserts was acterpined and found to vary from 0.1 -
0.7 kilobases or even only & rew bases. Sonme coleonies with
wiite coleor but wvhich dia not Lave any insert resulted from

vector deletion at the lac 2 gene.

(D) Colony.ragiolmmunoassay
tihite «colonies from IPFTG + w-Gal plates whicn
contained recombinant plaswids (with parasite DA inserts),
were cpotted in duplicate onto nitrocellulese paper (1C) and
grown zt 37°%C overnicght. TLach UC was pléaced on 1w ShS-soaked
filter paper for 15 rninutes and then put in a chamber

saturated with chloroferm vapor for anotiver 15 minutes to lyse

13
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colenics, Cell cebris wvas then removed by washing with
progphace-bufficred saline (FRS) pH 7.4, All IC shiccts were
blccked by blotto solotion (PBS + 5% shiw wilk pli 7.4) at roon
temperature for 2 nours to overuight on & shaker., The filiers
wverc then incubsted with rebbit-anti-souatic antigen (dilutioen
200) for 1 hour, wachked with blotto solution end incubated
with iodincted protein & (1251~protein A) for 1 hLour with
occesional shaking., 2After a final wach with blotto soluticn,

IC siicets were dried and avtoradiographed.
Pone of trensformants gave positive results even

thiough about 9,000 white colonics were screcned.

E)  Soutbern blevting apd DA bybridizstion
Each colony as grown in LB-brotii containing 100
po /Ll of ampicillin at 379 overnight cnd the plasmnid was
entracted using the rapid alkaline method (Bug. Bcid Res.
513, 1979%). Each ample vas cub with the restriceicn enzyue
CeolI, electropihorezed in 0.7% agarose gel opd Southerrn
rensrered to HC.

Cenowic DA of Q. viverrini to be used as a Probe was
lebeled by nick-trensleation chl(c1ng arTP with 20 pCi/pl of
ﬂzP GATP. Incorjoration of ° P GETP was &bout 40%. The probe
vas hybricized with DA on HC at 42°C overnight and washed
two times with 3 2 8SC at room-temprature, 3 times with 0.1 x
SSC - 0.1% SOS at 65°C then blot dricd and autoradicgoraphed.

Southern  blot  hybridization of randonly selected
trensformed clonec using genomic DHA as a probe was performed
in order to demonstrate wihether Q. viverrini DA had been
inserted into the vector even thougn they did not gxpress any
product that could be detected by selected antiserum., Tt was
found that =ome of them hybridized with the genomnlic DA probe.

Problens

There arc @ few problems that we have cncountered during
this period. The major ones include:-

14



1, Uncertainty vecgarding naturally infected fish. Ve

nentioned earlier in our Progress Report Ho. 1 that currently
thhe source of porasite uwsed in this project cones from
naterally infecteu cyprinoic fich caughuv in the endemic areas.
Fish bought from local market in Fhon Kaen Prevince have given
poor resulig, Only a low degree of infection was noted in
these fish as & proporticn of them wmay be caught frow
resevoirs which have very little parcsites. We have to go to
villages known to have highh degrees of infection. Again tliis
ig urreliable as csomctimes we get cood results but not at
other times. Vle are thinking of wmaintcining the perccites in
the luboratory but thic is not very practical as there are 2
intermediate hosts for tiis fluke and keeping bothk of themn
(snzils and £isn) in the laborery condition may heve a lot of
conplications.

2. I'onoclonzl Antiboodies. e nave recently discovered
that the myelona line vhich we have been using in our fusions
is contomineted with o mycoplasma strain which very rapicly
converte thynidine to tuyliine, Uith this lime, alumost ell
bybrid cclls have aieu shortly after ryusion, the veriability
prebably depending upon the recent history of the nyclona
culture (lencht or tiwe in culture since thawing or cloning
where antibictics were used) and our use of Dbetween 10-20%
wyelona-conditioned wmedia to support clonel g¢rowth, either

collected under sterile conditions or 0.45/0.22 un filter-

sterilized. Wle are at present cttempting to overcowe this
obstecle by severel methods in order of decreasing pre-

ference: to locate a mycoplasna-iree myeloma from another lab,
to attempt a "cure” using animal passage or anti-mycoplasmal
érugs, or as last resort, tc find some combination of drugs
that will reduce contemination prior to fusion sufficient that
gentenicin (or the extrea antibiotics) hold down mycoplasmns
cuificient to allow hybride to grow the required short
interval in the DAT/ET nedia. We woulé prefer to avoid this
latter alternative, as our policy has becn to use 1o

15
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antibiotics in mass cultures of establiched hybridona or
myeloma lines. This prevents use of lesgs caoreful technidque
through reliance on antibiotics, avoics eventual energence of
resistant strains of microoryanisms, and lzargely excludes
introduction of new Lycoplesma of human origin, but obviously
will not prevent cul ture-to-culture spread. knother
ciseavantage of continuzl use of antibiotices is that
gentamicin, perheaps the most effective of theee, is knoun to
cause clremosonal camage to murine cells, but even a "cured"
line may have sustained irrevercible danage or cltered
properties from nycoplesma, We have obtained 3 nyeloma lines
from other leboratories for testing, however, with the limited
number of local researchers using these lines, their unknown,
but probable comwmon origin, and the comnon practice of
extensive antibjiotic use without myceplasma screening, perhaps
attenpting cures may be our most viable temporary alternative.

3, Cloning Qv Genes and Gene Fragments. Severel
problems have been encountered recently. These, and our
epproaches to: overcome them are cdiscussed in the following
section under "Workplan for the nert perioga".

Yorkplan for the nest_period

Bl) ectivities initiated during the last period as well
as this period will be continued. Particular effort will be
placed on the production of monoclonal antibcdies and on the
recombinent DNA work. The latter include:-

1. Improvement of cell lvsis_method
The uvse of 1% 8DS has been found to reduce the

Positive signel between antigens and antibodies. An alter-
native method of lysing the cells will be tested, for example,-
using lycozyme and DNase in the absence of or at the lowest
amount of detergoent.
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2. Different reading_frame_cloping
The plasmids pucCe, pUC? and PUC12 give 3 different
recding frames when cut vith Pe: T, Cloning of the same DlA
fracments in these 3 vectors should give a higlier Probabil ity

of eupression for inserted picces,

3. Cloning_of lerger DLL_freoment

In our experiment the average size of inserts was
about 500-800 bp. Such small fFragment moy not be cnough to
encode for any polypeptide chain or epitope that coulé react
with our antibodies. Lerger DIA pieces will be used for
ingsertion in the Pst I sites of the pUC plasnid series. In
aQdicion, the cloning of larcer Dia fragment using the
expression vector, Agt 11, vwill be tested, Thig nethod will
enzble us to clone large fragments (about 6.0 Kb.) with high

efficiency.

4, Brgbl@mﬁ_yiLb_ng_gmguns_Quﬂ_gugiixy_gi_ugxm_uub

DilA must be prepared from the very freshly isolated
living vorms picked from infected hamster, since frozen worms
or the cead worms isclated from patients always gave very low
vYield and often smeared LDiA. This result indicates that DUA
is distroyed very quickly ond efficiently by endogenous DNase
soon after death of the worms. Tn order to obtain more DIA we
needed to recover more worms from infected harmsters.

At present, we are pPrepering DIA from 100-200 worms at
one time using the phenol extraction method ; the amount of
Di4  obtained is not sufficient for purification by cCscCl
gradient centrifugation. Qur results in the cloning
experiments may to some extent reflect the quality or purity
of DMA prepared by our present procedure, since UV scans of
extracted DNA always showed extrapeaks of  unidentified
matericzl. This could contribute to the low transformation
efficiency of our recombinant DHA, which is upto 2 orders of
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magnitude lower than the pUCI2 vector. In order to get better
DA we plan to obtain more adult fresh worms to isolate cnough
DA for purification by ultracentrifucation.

Puplications
Articles published since the initietion of this project
ere listed below. Siyx copies of each are enclosed herewith.

1. Sirisinha, 8. Immunodiagnosis of human liver fluke
infections: pgicp-pacific J. 2llergy Ipmupol. 4:81-88,
1986.

2. Sirisinka, 8. and ongratanacheevin, 5.  Imnunization of
hamsters against Quisthorchis wviverrini infection.
Southeast 2siay J. Trop. Hed. Pub. Hltb. 17:567-513, 1986,
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EDITORIAL

Immunodiagnosis of Human

Infections

Liver fluke infection is still an
important endemic discase in many
parts of the world. It is not
unrealistic to estimate that at least
40-50 million people are currently
being infected, and in some arcas,
the incidence is increasing. The
three important parasites causing
the discase are Clonorchis sinensis,
Opisthorchis felineus and Opisthor-
chis viverrini.'*  Clonorchiasis is
prevalent in China, Hong Kong,
Korea, Taiwan, North Vietnam
and Japan. It was cstimated that
more than 19 million people are
infected with C. sinensis. Opisthor-
chiasis caused by 0. felineus has
been reported from the U.S.S.R.
and central and castern Europe,
There are probably several million
cases of O. felineus infection with a
prevalence rate as high as 85% in
some areas. On the other hand, 0.
viverrini infection in humans is
found mainly in the northeastern
and northern parts of Thailand,
and in Laos, Cambodia and parts
of Victnam. Opisthorchiasis caused
by O. viverrini is one of the
discases of public- health impor-
tance in Thailand, as it has been
estimated that at the present time
there are at least 7 million people
infected by this parasite, represent-
ing approximately 15% of the total
population, The prevalence of O.
viverrini infection  among  the

population in northestern Thailand
has risen from 3.5 million cases in
1965 to 5.4 milliun cases in 1981.°
In some villages in the endemic
areas, a prevalence of more than
90% has been reported. All age
groups including infants are known
to be infected.?

In «he past, both opisthor-
chiasis and clonorc! iasis have been
reported  sporadically from non-
endemic areas including  North
America and Western Europe but
at the present time increasing
number  of cases- have been
diagnosed. One main reason is duce
to ever increasing  number  of
immigrants and  refugees  from
less-developed countries within the
last few years.™® Another possible
reason is the importation of fish
from the endemic arcas. For ex-
ample, the discase has been re-
ported in native Hawaiians as a re-
sult of consumption of infected fish
imported from endemic arcas.?

Clinical  manifestations  of
paticnts infected with liver flukes
vary considerbly depending on the
intensity and duration of infection.”
The majority ¢ cases are well tole-
rated and asymptomatic, and arc
diagnosed based on routine stool
examination. In those with symp-
toms, there may be only intermit-

7

Liver Fluke

tent dull pain with slight discomfort.
However, in more severe and chro-
nic infectiog, there can be biliary
obstruction,  cholangiocarcinoma
and even death.

Adult  flukes inhabit the
biliary system of man. The carly
pathological changes consist of an
acute inflammatory reaction of the
bile duct and the portal conncctive
tissues.” Periductal inflammation
with mononuclear cell and lympho-
cyte infiltration has been obscrved.
These pathological changes can be
the result of worm movement, of
toxic metabolites relcased from the
flukes or of immunological re-
sponse of the host. The latter has
been amply demonstrated, particu-
larly with regard to the humoral
immune response. On the other
hand, immunopathological changes
similar to egg granulomas in
schistosomiasis have never been
well documented in the liver fluke
infection,

Current  methods for the
diagnosis of human liver fluke
infection are based on the demon-
stration of cggs in cither stool,
duodenal  fluid or  bile.! 410
Although such an cxamination is
reliable and permits the identifica-
“ion of specics, it is unfortunate

|
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that such a technique is useful only
when the intensity of infection is
high and is reliable only in the
hands of experienced personnel. It
is easy to diagnose cases with heavy
infection when several thousand
egues per g oof feces are present.
However, the diagnosis of light
infection based on stool examina-
tion is uncertain, can be easily
missed and may vary considerably
from one sample to  another.
Morcover, a decision is even more
difficult to make when samples are
from  populations  with  mixed
parasitic infections, ie., cggs from
O.  viverrini  are  difficult  to
distinguish from those, of small
intestinal flukes, particuarly by
those who are rather . experi-
enced. These flukes include, for
example,  Prosthodendrinm
molenkampi,  Phaneropsolus  bon-
nei, Il(l()lorchi.\' pumnilio and {1,
taichd. ! Morcover, in infections
sufficiently severe so as to result in
biliary obstruction, eggs will not be
recovered in the feces. In order to
identify eggs in the latter situation,
one has to examine for the
presence of egps in cannulated bile.
However, such a technique is not
practical and is not without danger.
These drawbacks can be minimized
if one is aware of the problem and
when experienced  clinicians and
parasitologists — are  available,
However, nowadays  with  mass
migration of people from endemic
areas (e.g., immigrants and re-
fugees  from  Far  Eastern  or
Southeast  Asian  countries ) to
non-endemic areas such as North
America and Europe, difficulty in
establishing  diagnosis  based  on
morphological  stool  examination
for fluke eggs can be a problem.
‘Therefore, if techniques or rea-
gents for identification of eggs, ( as
by immunofluorescent antibody
specific for fluke eggs or ELISA
for soluble parasite antigens ) or
immunodiagnosis based on detee-
tion of specific antibody in serum
or seeretions of suspected patients

are available, the problem of
diagnosis should be alleviated,
Immunodiagnosis of  helminthic
infections

To circumvent the tedious,
time-consuming  and  frequently
impractical microscopic examina-
tion, many parasitologists have
now turned to immunodiagnostic
procedures such as intradermal and
serological tests as well as antigen
detection  for many  helminthic
infections.  Intradermal tests  of
both immediate and delayed types
have been used in several helmin-
thic infections.  Generally, these
intradermal tests have rather poor
specificity and thus have linited
vilue for the diagnosis of individual
cases although they may be of
some  value in epidemiological
surveys. Moreover, standardization
and interpretation of results are not
yet satisfactory.

Unlike the intradermal tests,
sevological tests based on analysis
of serum  specimens are more
popular, and have been widely
used in  parasitological research
during the fast 10-20 years. Within
certain limitations, serological tests
are invaluable aids to diagnosis of
individual cases, for epidemiologi-
cal surveys, and to aid in the
evaluation of control measures. Up
to now most of the standard
serological procedures have been
used in the diagnosis of helminthic
infections."? ‘These include comple-
ment fixation, flocculation, indirect
hemagglutination,  indirect  im-
munofluorescence,  immunodiffu-
sion, immunoelectrophoresis,
countercurrent  clectrophoresis,
radio-immunoassay (RIA) and en-
zyme-linked immunosorbent assay
(ELISA). in addition to these
standard tests, some special tests
have also been developed, e.g.,
circumoval precipitation, circums-
porozoite  precipitation, * cerca-
rienhullen ™ reaction, fluoroimmu-
noassay (FIAX) and miracidial

"

immobilization. Newer procedures
like the indium slide immunoassay
have been modified for use in
parasitic infections. Many of the
tests mentioned above are now
available commercially as pre-
formed kits ready to be used.
However, it is unlikely that othess
will be available in the near future
as  commercial  enterprises  are
generally not too cager to develop
them due to the low commercial
benefit, as these diseases largely
involve people of low economical
status. Up until a few years ago,
the complement fixation test was
one of the most reliable and most
widely used, for example, in
trichinosis, filariasis and schistoso-
miasis. However, the test has to be
performed under optimal condi-
tions and requires expericnced
supervision. A further complication
is that many antigens used, as well
as a proportion of clinical speci-
mens  have  anticomplementary
activity. A large number of
investigators have recently turned
to ELISA as a possible new
diagnostic tool for parasitic dis-
cases, many of which have already
been  thoroughly evaluated and
secem to give highly satisfactory
results, Moreover, the two recent
developments, namely hybridoma
and recombinant DNA technique,
will undoubtedly contribute to the
future progress in this arca of
investigation.

The major problems about
immunodiagnosis in parasitic dis-
cases are their relatively poor
sensitivity, low specificity and the
non-availability of appropriate anti-
gens,  Nevertheless, it is to be
expected that with new technology,
these  problems  will soon  be
alleviated. Much attention has
been given to the purification and
production of sufficient quantitics
of antigens for the test, as both the
nature and the source of these
antigens contribute significantly to
the success of these immunological
proceduces. In the past, investiga-
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tors had used the siage in the life
cycle which can be most casily
obtained in large quantities.
However, this practice does not
always provide the best antigen for
immunodiagnosis. One of the main
difficulties in developing reliable
diagnostic tests in parasitic discases
lies in the complex noture of the
antigens used for such a purpose.
Complexity in this case involves
not only the multicellular nature of
the parasites themselves but also
involves changes in the nfiture of
antigens as the parasite develops
from one stage to another in the
same mammalian host. Therefore,
when such a complex antigen is
used for detection of antibody,
phylogenetically related specics, or
sometimes even unrelated para-
sites, may pgive rise to  cross-
reacting antibodics. Attempts have
been made with some success to
prepare and purify antigens from
phylogenetically related parasites
of animals which may be obtained
in much larger quantity. One
should keep in mind however that
the use of cross-reacting antigens
may be inadequate for making
reliable diagnosis.

Different  parasite  compuo-
nents have been use as antigens for
immunodiagnosis of parasitic infec-
tions of man and animals. In
general, these antigens are grouped
into 3 main categories, namely
somatic, excretory and secretory
( ES or metabolic ) including epg,
and surface antigens.

Somatic antigens.

These antigens are  highly
complex. They are commonly
prepared and used in the form of
aqueous extracts from appropriate

developmental  stages that  arce
available in sufficient quantity,
e.g.. adult stages. After

homogenization and brief sonica-
tion, the supernatant containing
crude somatic conponents and
stored metabolic products is dia-

lyzed and lyophilized for storage.
Some investigators have treated the
worms with ether, prior to aqueous
extraction, to climinate lipids
which may interfere with some
serological procedures. However,
these protocols sometime destroy
labile parasitc  components. Va-
rious methods have been used to
partially purify the crude somatic
preparation and these include ion
exchange.  chromatography, gel-
filtration, electrophoresis, clectro-
focusing and alcohol precipitation,
On a few occasions, affinity
chromatography using enzyme in-
hibitors, lectins, and antibodies
have also been employed to purify
some special parasite components
from the crude or partially purified
preparations. Elimination of com-
mon or cross-reacting  parasite
antigens or host components has
been achieved by affinity chroma-
tography using polyclonal cross-
reacting  antibodies  or anti-host
components respectively. Recently
however,  opportunity to  purify
antigens using appropriate mono-
clonal antibodies is also available,
The latter approach has very much
simplified  the  purification  of
appropriate antigens which may be
present only in trace quantity in the
crude material. The availability of
purified antigens has made im-
munodiagnosis of parasitic diseases
as specific and sensitive as has been
achicved with bacterial and viral
diseases. Morcover, the identifica-
tion of suitable parasite-specific
antigens and the availability of
monospecific  antibodies,  either
monoclonal or polyclonal, open the
possibility of producing diagnostic
peptides containing important pa-
rasite epitopes in sufficient quanti-
ty, e.g., by recombinant DNA
technology.

Metabolic or excretory-secretory
(ES) antigens.

As helminths develop from
the infective larval stage to the
adult stage, they have undergone

metabolic changes during  the
course of infection, thus presenting
different antigens to the host, It is
rcasonable to assume therefore,
that “the antibodies produced in
response to these products are
more specific and more closely
related to active infection than
those clicited by somatic antigens.
The ES antigens have beea used
for the detection of antibodies by
several standard serological proce-
dures and for many of these
infections they prove to be highly
specific and are sensitive enough
for irmunodiagnostic purposes.!?
Chemically, they are in general less
complex than somatic antigens but
for those that have becn well
analyzed they are still quite
antigenically complicated." These
components are largely enzymic in
nature and are often the products
of reproductive and  digestive
systems. They can be obtained in
large quantity during the in vitro
culture or maintenance of parasites
in the laboratory. Some parasites
produce and release sufficient
amounts of ES into the culture
fluid that they can be used without
further concentration, One diffi-
culty is that not all parasites can be
cultured or maintained in vitro long

cnough to release  sufficient
amounts of ES antigens. In
addition, for some parasites,

protein supplement is required and
may interfere with later steps of
purification. These ES antgens can
also be recovered in large quantity
in the somatic extracts of these
parasites.

In addition to these soluble
metabolites, many parasites release
cggs which are potent immunogens,
e.g. those of Schistosomes. Both
humoral and cell-mediated immune
responses to epg antigens have
been reported for several parasitic
infections, These responses are also
known to be associated with the
immunopathology of scveal dis-
cases, ¢.g., ecgg pgranuloma in
schistosomiasis. Morcover, the
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antibodies to these antigens may be
protective and are at times useful
in immonodiagnosis. Antibodies to
liver fluke cggs have not been
successfully  detected  in ex-
perimentally infected rats, guinea
pigs and rabbits nor in the serum of
patients  with  clonorchiasis. !>
However, Flaveli™ and our ‘group
( unpublished ) have shown that
antibodies to cgg antigens are
present in the serum of infected
hamsters. Because it was possible
1o raise antibodies to egg antigens
by immunizing the animals with the
cge extract, such antibodies may be
of value from a diagnostic point of
view, particularly if monoclonal
antibodies to these antigens are
available.  Recently, sera from
patients with opisthorchiasis were
shown to react with Q. viverrini
cges by an immunofluorescent
technique."

Surface antigens.

Teguments of many parasites
are metabolically active. Surface

protein - serves as a dominant
entigen and has a likelihood of
stimulating  the  host  immune

system. Therefore, many investiga-
tors have used the external surface
of parasites or external membranes
of infected host cells for their
studies. For some parasitic infec-
tions, these external surface com-
ponents not only serve as host
* protective " antigens but also are
of wvalue in  immunodiagnosis.
Various methods have been used to
extract antigens from the surface of
parasites or parasite-infected cells.
Peripheral proteins can be solubi-
lized with high ionic strength buffer
or metal chelators. Integral mem-
brane proteins, on the other hand,
require more vigorous procedures.
In general, this has been achieved
with detergents, organic solvents or
denaturing  agents like urea or
guanidine or a combination there-
of. The use of non-ionic detergents
is preferred by most investigators
as they are mild enough not to

denature these surface proteins.
These extracts can be used as such
or can be fractionated further via,
for example, aftinity chromatogra-
phy, high performance liquid
chromatography or isoelectrofo-
cusing.

Although the above classifica-
tion of parasite antigens may scem
to be straightforward, a wide grey
arca exists, Common antigens have
been  repeatedly  demonstrated
among  phylogenetically  distinct
species of parasites, among differ-
ent developmental stages of the
same  or related parasites, and
among different tissues in any one
developmeatal stage.*®* The wide
specificity that exists suggests the
existance  of common antigenic
pools having small antigenic deter-
minants  with simple molecular
configuration, as has been noted in
malaria.

Assuming that reliable anti-
gen is now available, the next step
is to select an appropriate serolo-
gical test. Unlike bacterial and viral
infections, parasitic infections are
more insidious and chronic in
naturc. Therefore, detection of
1gM antibody is rarely needed and
most tests involve the detection of
IgG antibody. If the antigen is not
pure enough, then cross-reaction
with other parasitic infections can
be a problem. The latter could
however be minimized if other
antibody isotypes are determined
instcad of IgG. For instance, for
helminthic infections which gener-
ally have a potentiated IgE
response, detection of specific IgE
antibody may be more uscful. For
mucous surface membrane infec-
tions, the detection of IgA or IgE
antibodies may be more specific
than that of IgG antibody and is
therefore more useful diagnostical-
ly. On occasion, however, the high
concentration of IgG antibody
present in the serum of these
paticnts may interfere with the
quantitation of IgA or IgE

antibody. In such a situation,
certain modifications have to be
made to minimize this. When
appropriate, onec can use other
fluids which have 'ow concentra-
tion of IgG but higher concentra-
tion of other immunoglobulin
classes. One possibility is, for these
mucosal intections, to use extcrnal
fluids instead of serum. Saliva can
be a good candidate because it has
a minimal amount of IgG and has a
fairly high concentration of IgA.

Although detection of anti-
body is quite popular and is highly
practical both for individual cases
and for epidemiology surveys
particularly when a  paper-disc
method for blood collection is
used, it does not indicate active
infection. All tests still give positive
results soon after infection has
been terminated, i.e., following
anthelmintic therapy. However, if
a sufficient period of time is
allowed before retesting, some
tests will then give a negative
result. For this purpose however, it
is better to look for the presence of
parasitc antigen or immune com-
plexes. These antigens can be
detected in the circulation and
urine, for example, in schistoso-
miasis. More frequently, they can
be more casily detected in fluids
within circumscribed spaces like
cystic fluid or cerebrospinal fluid
(e.g., cysticercosis ) In addition
to these cxamples, parasite anti-
gens have also been demonstrated
in external sccretions, e.g., bile
and intestinal sccretions.' Many
standard scrological tests have
been employed and these include
immunodiffusion and ELISA. The
concentration of antigen in these
fluids depends primarily on worm
burden, However, with the current
scrological methods like RIA or
ELISA, antigens in nanogram or
picogram amounts can still be
detected, particularly when mono-
clonal antibodies to many of these
antigens are or will be available in
the near future.

WV
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Previous efforts to develop im-
munodiagnostic methuds for liver
fluke infections

It has been more than 20
years  since  investigators  first
attempted to develop immunodiag-
nostic methods for human liver
fluke infections caused by (.
sinensis, O. [felineus and 0.
viverrini,*? These carly attempts
made use of immunological proce-
dures available at that time, e.g.
intradermal skin tests, complement
fixation, precipitation reaction, as
well as various modifications of
agglutination reactions. The species
of parasite most intensively investi-
gated during that carly period was
C. sinensis. Subsequently, different
groups  of Russian  investigators
have used these  techniques to
approach the problem caus:d by
0. felineus. ™ On the other hand,
investigation on O, viverrini has
not started until quite recently.

The  principal  obstacles 10
progress in this area of investiga-
tion are  due  to insufficient
knowledge  concerning  the  im-
munology — of these  parasites,
inadequate quantities of appropri-
ate parasite antigens available for
intensive investigation and strong
immumological cross reaction be-
tween  these  flukes  and  other
parasites,  some  of which are
phylogenctically unrelated to them.
The last problem can be automati-
cally climinated when the others
have been solved. As can be seen,
the antigens available during the
“arly attempts were  soluble
aqueous  crude  extracts of adult
worms which could be obtained
readily in sufficient quantity either
from the patients or from animals
experimentally infected with these

flukes. The carly studies on C.
sinensis  therefore  used  these
buffered  saline  crude somatic
extracts  for intradermal  tests,

complement fixation assays, and
precipitation  reactions. It was
subsequently recognized that these

aqueous extracts were not suitable
for the complement fixation test as
they  often  exhibit  anticom-
plementary activity, and the extrac-
tion  procedure  was  therefors
modified.  Such an  interference
could be largely eliminated by the
use of fat-free antigens which could
be readily  obtiined by ether
extraction prior to the preparation
of the crude somatic extract.
Interference in the complement-
fixation test could  bhe  further
minimized by partial purification
through the use of ion-exchange
chromatography and gelfiltration.

Like other intradermal skin
tests, skin testing in clonorchiasis
suffers from the same  reasons,
including standardization of anti-
gen and subjective interpretation of
the results. Morcover, the  test
using the various crude somatic
extracts gave a considerable degree
of cross  reaction  with  other
parasites including  paragonimiasis
and schistosomiasis.>'** The test
therefore has been abandoned by
most recent investigators,

Most of the previous attempts
on immunodiagnosis for C. sinensis
infection have been concentrated
fargely on  complement  fixation
reactions.  Although  difficulties
arising  from anti-complementary
activity of the antigens have been
satisfactorily overcome, the diffi-
culty with inherent cross reaction
among different parasite still exists.
The latter makes it rather difficult
to interpret the results, particularly
when people in endemic areas are
often infected simultancously by
other intestinal or tissue ﬁurusilcs.
This situation is even worse when
the  previous history or  fecal
specimens are not available for
confirmation.  Sawada  er ol
attenipted  to  purify the crude
somatic extract for CF test by
passing the delipidated aqueous
and sonicated extract through a

Sephadex G-100 column and then
passing the void volume fraction
through ion-exchange  columns.
The final preparation, more than
90% carbohydrate and later identi-
fied to be polyglucose, gave a
satisfactory result in the CF test,
However, the specificity of this
antigen  preparation was  never
rigorously analyzed. On top of this,
complement-fixation reactions also
suffer from the lability of the
reagent, difficulties in standardiza-
tion and the tedious protocols, thus
making procedures based on CF
rather unpopular  for  diagnostic
laburatories,  particularly — when
more simple and accurate techni-
ques are now available,

The use of precipitation
reactions as in the gel diffusion
technique have been studied by a
few laboratories. The partially
purificd CF antigen of Sawada et
al' failed to give a precipitin
reaction with patient sera. Subse-
quently, Sun and Gibson!® showed
strong precipitation reactions using
concentrated metabolic products of
adult  worms. These metabolic
products contained both carbohy-
drates  and  proteins.  Enzyme
activities associated with digestion
including amylase, invertase, mal-
tuse, lactase and esterase have
been detected. Attemipts to use egg
antigens have been reported by
Sun, and Sun and Gibson."”
While these investigators could not
demonstrate by precipitin reaction
the presence of anti-egg antibodics
in the serum of patients and
cxperimentally infected  animals,
ege components were nevertheless
antigenic, as shown by the presence
of antibodies in animals immu-
nized with egg cxtract. We have
also observed that serum from
infected hamsters and from rabbits
immunized with cither adult crude
cxtract or metabolic products
reacted with eggs relcased by the
worms in  vitro ( Unpublished
observations ),
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Attempt has also been made
to use an indireet hemagglutination

test  for the  diagnosis  of
. . AT . .

clonorchiasis. ™ These investinators

ured  triethanolamine  buftered

saline exuact of delipidated crude
somatic antigen (o coat  tanned
sheep red blood cells and found it
o be fairly sensitive, using sera
from rebbits  experimentally  in-
fected with €. sinensis. However,
its value in clinical diagnosis has
not yet been evaluated.,

Passive  cutancous anaphyla-
xis for the detection of reaginic
antibody in rahbits experimentally
infected with O sinensis has given
encouraging results.”! These inves-
tigations, using  borate-buffered
siline  extract of adult  worms.,
showed the assay 1o be (airly
sensitive in-experimental animals,
A positive reaction, suggestive of
the presence of reagin or gl
antibodies, was observed in some
animals within 3 weeks of infec-
tion. However, this test is imprac-
tical for the diagnosis of  the
discase. Hf the appearance of gk
antibody is expected, its detection
by other means such as ELISA or
RIA will be mare practical, and
this point should be investigated.

Very recently  the use  of
LELISA for the diagnosis of human
clonorchiasis has been reported in
Chinese literature.™ These investi-
gators compared the reactivity of
various  aqueous  crude  somatic
extricts, e, tricthanolimine buf-
fored  saline.  veronal  buffered
saline and  phosphate  buffered
saline, and showed all 3 1o be quite
sulisfactory in  distinguishing pa-
tients from normal healthy con-
trols.  Moreover, a fairly good
correlation between ELISA values
and worm burdens expressed as
cgps per gram of feees was noted.
Although not yet vigorously in-
vestigated, the antigens used by
these investigators secem to be
specific when  tested  against a
limited number of sera from

patients with other parasitic infee-
tions. It could not be determined
from the data available as to the
composition or complexity of these
crude antigens,

In contrast to clonorchiasis,
investigation  on - opisthorchiasis,
particularly that caused by 0.
viverrini is  more  scanty.  What
information regarding the immuno-
diagnosis — of  opisthorchiasis s
available pertains largely o 0.
Jelinous 2 The o techniques
used were the indireet hemagglu-
tination reaction and ELISA. All

work employed  crude  somatic
extracts of adult O. felinews. The
reports  dealing  with  indirect

hemagglutination showed  that it
was  possible to  diagnose acute
cases  of infection by this
technique.* Antibody was de-
tected in 53 of 54 patients with
acute infection but it was positive
in less than 50% of patients with
chronic infection. However, many
healthy controls also  gave Jow
antibody titer with this antigen. On
the other hand, Ponomareva,” and
Ponomareva and Alekseeva™ com-
paring intradermal tests, indirect
hemagglutination and ELISA using
crude somatic extract of adult 0.
Jelineus, found ELISA to be the
best, and results  scemed o
correlate - satisfactorily  with  the
intensity of infection. Using an
ELISA technique, these investiga-
tors were able to distinguish acute
from chronic infections. Patients
with acute infection had high IgM
ELISA titers and relatively low
IeG ELISA titers. A reversed
situation was true for those with
chronic infection. However, there
was  no information  available
regarding specificity of the test.

In contrast to opisthorchiasis
caused by O. felineus, only limited
information is currently available
on attempts at immunodiagnosis of
opisthorchiasis  caused by O,
viverrini. Janechaiwat er al® were
able to detect many bands of

precipitation in the sera of patients
infected  with Q. viverrini by
immunoclectrophoresis. Sera from
some patients showed as many as §
hands with this antigenic extract.
However, the test lacked sensitivity
as less than 80% of the patients
whose stools were positive for O,
viverrini eggs gave positive results.
The proportion of positive speci-
mens  decreased  with - decreasing
intensity of infection, More serious
difficulty was the fact that some

sera from  patients  with  other
parasitic  discases  including
pnathostomiasis — and  schistoso-

miasis also reacted positively in this
technique. Using indirect hemag-
glutination, we were able to detect
agglutinating  antibody  against
crude somatic extract in the sera
from all hamsters infected with O.
viverrini 30 days beforehand .
Hewever, o proportion of these
infected  hamsters, particularly
those with high level of infection
exhibited some antibody within 15
days of infection. Because the
antibody titers obtained by this
technique were not very high, we
felt that the test was not sensitive
enough to be of clinical usefulness
and  therefore  needed 1o be
improved. Feldheim and Knobloch
reported satisfactory results using
ELISA tchnique.™ Although they
were  able  to  distinguish  the
patients form uninfected controls, a
considerable  degree  of  cross-
reaction was detected, including
pittients infected with F. hepatica,
P, africanus, P. wterobilaberalis
and Schistosome species. Attempt
to use this technique to monitor the
success of anthelminthic treatment
gave cquivocal results, as in about
50% of the cases, no significant
reduction in  antibody titer was
noted in speimens taken 12 months
after treatment.  Using ELISA
technique, we recently observed
that while it was possible to
distinguish patients with positive
fecal egg counts from normal, the
technique used could not clearly
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distinguish  these  patients  from
thase  with  other  parasitic
infection. However, it was not
possible to rule out the possibility
that the latter group might have
had previous contact with these
flukes.  Using  an  appropriate
animal model would give a more
clear cut answer to this question. A
similar conclusion was reached also
by other groups using ELISAY and
immunofluorescent techniques.'

approaches  to  develop
methods  for

Current
immunodiagnostic
opisthorchiasis

It is clear form these studies
that if one is o have a more
specific serological test for  the
diagnosis  of  parasitic infections,
including  those caused by liver
flukes, one needs a more refined
antigen for whatever test system
is used to deteet the specific anti-
body. However, before this can
become a reality, one has to know
fairly  extensively  the  antigenic
musiac of the parasite under study.
This, in turn, is possible only when
the  host-parasite  relationship is
mare tully understood. In attemp-
ting to do this, we have now begun
to characterize the various antigens
from O. viverrini  and  have
preliminary  data suggesting  the
presence of specific parasite anti-
gens which may have serod! qgnos-
tic valve™ Once a specific
antigen (s) is identified and char-
acterized, one has o think about
mass production. ‘The latter has o
be cheap as the disease oceurs
largely in developing countries. In
this regard, it is likely that the
genetic engineering approach could
be used, since it has made possibie
the availability of several other
biological reagents for medical use.

Last but not least, it is also
possible to develop an immuno-
diagnostic technique for the detec-
tion of O. viverrini antigens in
those suspected of being infected
with the parasite. The most likely

possibility is a speeific reagent for
the detection of epgs or other
soluble products in the feces of
these  people. Here  monoclonal
antibodies could play a significant
role. These various approaches will
be employed by our group in an
attempt to develop suitable  im-
munodiagnostic - methods — which
would  be specific for infection
caused by O. viverrini. If our
attempt is successfui, then it should
be possible for other investigators
to use a similar  approach  for
infections caused by other para-
sities, ie., O, felineus and (.,
sinensis.
Conclusion

Liver fluke infections caused
by  Opisthorchis — viverrini, 0.
Jelineus and Clonorchiy sinensis are
still 2 major health problem in
Southeast Asia, the Far East, and
Central and Eastern Europe, with
approximately 40-50 million people
currently infected. Morcover, in-
fections have been reported recent-
ly from several countries, More-
over, infections have been reported
reeently  from  several  countries
previously known to be free of the
disease. The latter is attributed, at
least in part, to ever increasing
numbers of immigrants and ref-
ugees from countries in the
endemic regions. Because of this
increasing occurrence of the dis-
case, clinicians  and  laboratory
personnel in both endemic and
non-endemic regions must be more
aware of the possibility of opisthor-
chiasis and clonorchiasis in patients
with gastrointestinal problems. It is
for this reason that a simple,
reliable, less-time consuming and
more objective method for diagno-
sis s needed. Identification and
large-scale production of specific
antigen (s) should be initiated and
used for the development of
suitable  immunodiagnostic
methods  for  the detection  of
specific antibodies, cither in the
serum or other body fluids. The

sereening and
monoclonal antibodies specific for
parasite epitopes should be encour-
aged and made available for the
detection  of  specific  parasite
antigen (s). If these various im-
munodiagnostic methods that are
to be developed can be supplied in
quantity  cheaply,  they  would
undoubtedly  replace  the  more
classical, time consuming and more
subjective methods currently avail-
able. Such a development would
also be aninvaluable ool for
epidemiology  studies  and  for
monitoring the outcome of anthel-
mintic treatment,

The author would like 10
acknowledge the financial support
from the U.S. Agencey for Interna-
tional Development ( Grant No.
930-5542-G-(0-6027-10) ),

Siitaya Sirisinha

Department of Microbiology
Faculty of Science Mahido! Univer-
sity,  Rama VI Rouad, Bangkok
10400, Thailand,

REFERENCES

Lo Romiya Y. Clonorchiv and clonor

chiaiss Adv Parasitol 1966 ;4 ; §3.
1.

2 Markell EK, Vope M. Medical
parasitology.  Sth ed.  Phi-

ladelphia : W.B. Saunders, 1981,

3. Preuksaraj 8, Jeradit Suthitayatai
A, Kijvanee S, Sridonrasmi T Studies
on - prevalence and  intensity ol
intestinal helminthic infection in rural
population  of “Thailand  1980-198).
Commun Dis J 1982 ; 8 : 245.69,

1. Harinasuta ¢ Opisthorchiasis — in
Thailand : A review, In Harinasuta C.
ed., Proceediing of the $th Southeast
Asian Seminar on Parasitology and
Tropical ~ Medicine,  Schistosomiisis
and Other Snail-transmitted  Helmin-
thiasis. 1969 ; 25304,

5. Anderson JP, Moser RJ. Parasite
sereening and treatment among In-
dochinese refugees. Cost-benefivutility
and the general health policy model.
JAMA 1985 ; 253 ; 2229.35,

6. Barret-Connor E. Latent and chronic
infections  imported from  Southeast
Asia, JAMA 1978 ; 239 : 1901.0.

7. Catanzaro A, Moser RJ. Health status
of refugees from Vietnam, Laos, and

production  of


http:syst,.im

88

SIRISINHA

10.

16.

Cambodia. JAMA 1982 ; 247 : 1303-8.
Hoffman  SL, Barreit-Connor I,
Norcross W, Nguyen D. Intestinal
parasites in Indochinese immigrants,
Am J Trop Med Hyg 1981 ; 30 : 3403,
Proceedidngs  of the  International
Symposium on Human  Trematode
Infections in Southeast and Eust Asia.
Drug Res 19845 340 1115-242.
Feldmeier H, Horstmann RD. Filtra-
tion of doudenal Quid for the diagnosis
of opisthorchiasis.  Ann Trop Med
Parasitol 1981 ; 75 : 463.5.

Radomyos P, Bunnag D, Harinasuta
T. Woims  recovered  in stools
following  praziquantel  treatment.
Drug Res 1984 ; 34 1214-7.

Cohen S, Sadun E. Immunology of
parasitic infections.  Oxford : Black-
well Scientific Pub. 1976,

vin  Knapen F, van  Leusden J,
Polderman  AM, Franchimont  Ji.
Visceral larva migrans @ Examinations
by means of enzyme-linked immuno-
sorbent assay  of human sera for
antibodies to excretory-secretory anti-
gens of the second-stage larvae of
Toxocdra canis. 7. Parasitenkd 1943 :
09 : 113-8.

Pollard ZF, Jarrent WH, Hagler WS,
Allain DS, Schantz PM. ELISA for
diagnosis — of  ocular  toxocariasis.
Ophthalmology 1979 ; 86 : 743-52.
Sun I. The nor-antigenicity of intact
ovie of Clonorchis sinensis. ) Med
Microbiol 1909 ; 2 : 35860

Sun T, Gibsen JB. Aniigens of
Clonorchis  sinensis in expericil
and human infcctions. An analysis by
gel-diffusion technique. Am 1 Trop
Med Hyg 1969 ; 18 : 241-52,

Sun T, Gibson JB. Metabolic products
of adult Clonorchis  sinensis. Their
compaosition and antigenic potential, J
Helminthol 1969 ; 43 : 395-402.
Flavell DI, ‘The in vitro effects of
serum on the adults, meta~reamae,
and egps of Opisthorchis  viverrini,
Trans R Soc Trop Med Hyg 1981 ;
75 : 825-31.

Boonpucknavig S, Kurathong S,
Thamawit W. Detection of antibodics
in sera from patients with opisthor-
chiasis. J Clin Lab Immunol 1986 ;
191 135-7.

20. Hillyer GV, Serrano AE. The antigens

26.

29,

of Paragonimus westermani, Schistoso-
ma mansoni, and  Fusciolu  hepatica
adult  worms.  Evidence for  the
presence of cross-reacive antiqens and
for cross-protection 1o Schistosoma
mansoni infection using antigens of
Paragonimus westermani. Am ) Trop
Med Hyg 1983 ; 32 : 350-8.

Kuojima 8, Yokogawa M, Tada T..
Production and properties of reaginic

antibodies in rabbits infected  with
Clonorchis  sinensis  or - Schistosoma
japonicum.  Exp  Parasitol 1974 ;
3514049,

Maizels RM, Partono F, Ocmijati §,
Denham DA, Ogilvie BM. Cross
reictive surface  antigens on  three
stages of Brugia malayi, B. pahangi
and B timori. Parasitology 1983 ;
87 1 249-03.

Maizels RM, de Savigny D, Ogilvie
BM. Characterization of surface and
ES antigens of Toxocara canis infective
larvae.  Parasite Innnunol 1984 ;
6:23.37,

Feldheim W, Knobloch J. Scrodiagno-
sis of opisthorchis viverrini infestation
by an  enzyme  immunoassay.
Tropeamed Parasitol 1982 ; 33 : 8-10.
Sadun EH, Walton BC, Buck AA,
Lee BK. The use of purified antigens
in the diagnosis of Clonorchis sinensis
by means of intradermal and comple-
ment fixation tests. J, Parasitol 1959 ;
45 :129.35,

Kagin 1G. Serodiagnosis of parasitic
discases. In Rose NR, Friedman H,
eds, Marual of clinical immunology.
Washington, D.C.: American Society
for Micrabiology 1980 @ 578-6(M.
Klebanovskaya 1A, IHAT in  the
diagnosis  of the carly phase  of
opisthorchiasis. 1. Techniques  for
preparing an erythrocyte  diagnostic
antigen and  results  of tests  in
experimental opisthorchiasis in golden
hamsters. Medisins Parazitol i Parazita
Bolezni 1981 ; 50 : 20-3,
Klebanovskaya 1A, Gorchakov VV,
IHAT in the diagnosis of the ecarly
phase of opisthorchiasis 2. Clinical
investigations. Medisins  Parazitol i
Parazita Bolezni 1981 ; 50 : 34-6,

Ponomareva AM. ELISA in the

30.

kIR

34,

s,

36.

38,

diagnosis of parasitic discases, 3, A
test system for the  diagnosis of
opisthrochiasis. Medisins Parazitol |
Parazita Bolezni 1981 5 50 ; 28-30.
Ponomareva AM,  Aleksceva  MI.
Compared efficacy of several immuno-
logical tests in diagnosis of acute and
chronic  opisthorchiasis.  Helninthol
Abstracts-series A 1984 ; 53 151,
Sawada T, Takei K, Williams JE,
Mooze JW, Isolation and purification
of antigen  from  adult  Clonorchis
sinensis for complement fixation and
precipitin tests. Exp parasitol 1965 ;
17 ; 2409,

Packeco G, Wykoff DE, Jung RC.
Trial of an indireet hemagglutination
test for the diagnosis of infections with
Clonorchis sinensis. Am J Trop Med
Hyg 1960 ; 9 : 367-70,

Yen CM, Chen ER, lsich HC.
Immunodiagnosis of human clonor-
chiasis by a  micro-enzyme-linked
immunosorbent  assay.  Chinese  J
Microbiol Immunal 1984 ; 17 : 219-25.
Janechaiwat 1, ‘Tharavanij S, Vajra-
siathira S, Chaicumpa W.  The
immunological diagnosis  of human
opisthorchiasis and humoral immune
response to - opisthorchis infection in
the hamster. J Med Assoc Thailand
TYR0 ; 63 @ 439-47.

Sirisinha S, Tuti S, Vichasri S,
Tawatsin. A. Humoral immune res-
ponses in hamsters infected  with
Opisthorchis — viverrini, Southeast
Asian J Trop Med Pub Hith 1983 ;
14 : 243-51.

Wongratanacheewin S, Bunnag D,
Sirisinha S, Enzyme-linked immuno-
sorvent assay for detection of anti-
bodies to Opisthorchis viverrni. Asian
Pacific J Allergy Immuncl 1985 ;
KRR IR

Srivatanakul P,  Viyanant V,
Kurathong S, Tiwawech D. Enzyme-
linked imunosorbent assay for dete
tion of Opisthorchis viverrini inf.c-
tion. Southeast Asian J Trop Med Pub
Hith 1985 ; 16 : 234.9.
Wongratanachcewin S, Sirisinha S,
Analysis of  Opisthorchis  viverrini
antigens by radioimmunoprecipitation.
Asian  Pacific J Allergy  Immunol
1986 ; 4 : 62,



. 270

IMMUNIZATION OF HAMSTERS AGAINST OPISTHORCHIS
VIVERRINI INFECTION

S. SiriSINHA and S. WONGRATANACHELWIN

Department of Microbiology, Faculty of Science, Mahidol University,
Bangkok 10400, Thailand.

INTRODUCTION

Liver fluke infection is still & major health
problem in Southeast Asia, the Far East, and
Central and Eastern Europe, with at least
30-50 million people currently infected. In
Thailand alone, it has been estimated that at
least 7 million pecple are infected with
Opisthorchis  viverrini  (Preuksaraj, 1984).
Thus, human suffering and cconomic loss due
to illness, decreased ability to earn a proper
livelihood and cost of health care represent
major hindrances and a challenge to national
and regional development.

Infections with O, viverrini rarcly result in
acute clinical disease. Rather the infections
tend to become chronic in nature and may
persist for many years (Viranuvatti and
Stitnimankarn, 1972; Harinasuta et a!., 1984).
Such chronic, persistent infections can lead
to cholangitis and in some cascs to cholangio-
carcinoma (Sonakul er «l., 1978; Flavell,
1981; Kurathong er «l., 1985). 1t has been
noted that some patients from the endemic
arcas may harbor several thousand worms
(Bunnag and Harinasuta, 1981), suggesting
that reinfections do occur and that concurrent
infection fails to prevent reinfection by the
same parasite.  Such a conclusion was
subscquently confirmed in an experimental
animal model (Sirisinha ¢r al., 1982; 1983a).
Data from these experimental studies showed
that prior infection of hamsters with O.
viverrini did not induce significant protective
immunity against rcinfection by the same
parasite, although under certain circum-
stances, worm burden due to the challenge
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infection in animals harboring prior infection
was reduced up to 25% when they were
compared with animals without preexposure
(Flavell, 1982), 1t is possible that both
systemic humoral and ccll-mediated immune
responses developed during the course of
infection (Bhamarapravati er al., 1978;
Sirisinha ¢t al., 1982, 1983b; Boonpucknavig
et al., 1986) fail to damage or to climinate
worms sesiding in the bile duct system.
That system could serve as an immunological
priviledged site where systemic response
can only marginally influence the parasites.

The purpose of the present u-ly was to
examine whether protective immunity could
be induced in hamsters immunized with
different O. viverrini antigens via a route
known to be effective in stimulating loca!
immune response in the gastrointestinal
tract of other animal models.

MATERIALS AND METHODS

Antigen: Metacercariac (Mc) of O. viverrini
were obtained from the flesh of naturally
infected cyprinoid fishes as previously des-
cribed (Sirisinha et al., 1984). After thorough
washing in phosphate-buffered saline pH 7.2
(PBS), the metacercariac were homogenized
and sonicated to extract aqueous somatic
antigen essentially as described previously
for adult worm antigen (Sirisinha et al.,
1983b).

Adult worms were obtained from experi-
mentally infected hamsters. They were
maintained in vitro in protein-free medium
for the production of excretory-secretory (ES)
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antigen as previously described (Tuti ¢t af..
1982).  Aqueous somatic antigen was sub-
sequently extracted from these cultured adult
worms,

Protein contents of these antigens  were
determined by the Folin method (Lowry
et al., 195]) using bovine serum albumin as
standard.  The complexity of cach prepara-
tion was analyzed by SDS-PAGE (Dharm-
krong-at and Sirisinha, 1983) and is shown in
Fig. 1. The somatic antigen was considerably
more complex and heterogencous comparing
with the ES and metacercarial antigens,
‘The main protein component (MW = 89 000
daltons) in the latter two antigenic prepara-
tions represented a minor component ‘n the
somatic extract.

M.W.(K)
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Fig. 1—SDS-PAGE Coomassic-blue stained profiles
of ES (a), somatic (b) and metacercariae )
of Q. viverrini, The right hand diagram (d)
represents that of the metacercarine which
took up stain weakly. Molecular weight
markers indicated on the left,

568

In one experiment, whole adult worm
homogenate containing both soluble and
insoluble materials was also used to immunize
the animals,  The insoluble materials in-
cluded among other components cggs and
tegument of the parasites.

Immunization of animals: Adult female
Syrian hamsters weighing 100-120 g were
used in this study. They were immunized by
cither the intraperitoneal or a combined
intraperitoneal and oral route, The in-
traperitoneal route of immunization con-
sisted of u single injection of antigen in
complete Freund’s adjuvant (CFA). For
the intraperitoncal and oral route, the animals
were first injected  with antigen in CFA
intraperitoneally, They were subsequently
given a single oral feeding of antigen in 1.3 %
NaHCO, via a dosing needle and syringe,
2-3 week later.  Unimmunized hamsters
similarly treated using saline instead of
antigen served as controls.

Experimental infection and assessment  of
protective immunity:  Both immunized and
unimmunized animals were challenged with
25 Mc by a dosing needle and ryringe as
described clsewhere,  The development of
protective immunity was assesscd 2-3 months
later by determining the magnitude of worm
burdens and, in some experiments, also by
fecal cgg output (Sirisinha o al., 1983a, b),

RESULTS

Effect of a single intraperitoneal injection of
different O. viverrini antigens on a chellenge
infection of hamsters with 25 metacerearia.;

In this serics of experiments, adult female
hamsters were injected intraperitoneally with
metabolic products (ES) of adult worms,
adult somatic extract or adult worm homo-
genate mixed with an equal volume of com-
plete Freund's adjuvant (CFA). The animals
were challenged 2-3 wk “er with 25 meta-
cercitriac {Mc) of O. viverrini. The animals

Vol. 17 No. 4 December 1986
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Tuble 1

Effect of a single intraperitoneal injection of antigens on a challenge infection

with 25 metacercariae.

- No 4.;1' Worm-r-é-(‘:ovcry

Antigens Quantity of antigens hamsters (mean + SE)

- 12 14.58 + 1.71
CFA 6 14.00 + 1.67
ES + CFA 100 pg 5 10.20 £ 4.09
- 9 18.22 £ 091
CFA 9 18.22 £ 0.81
Adult homogenate + CFA 5 adult worm cquivalent 8 17.75 £ 0.61
-~ 7 12.60 + 1.42
Adult somatic + CFA 100 pg 8 15.38 + 1.59

were sacrificed  approximately 3 months
after the challenge. Worm recovery from
immunized hamsters were compared with
those from unimmunized control groups,
one of which received a similar injection of
CFA in saline. The results are shown in
Table 1. The two control groups from cach
sct of experiments had similar numbers of
worm recovery, varying between 409, and
709, of the challenging dose.  Data summa-
rized in the table failed to show statistically
significant reduction of worm recovery in
any of the 3 experimental (immunized)
groups. The presence of insoluble material
in worm homogenate which contained eggs,
tegument and other cellular components did
not e¢nhance the protective potential of the
sotuble somatic antigen. In contrast to the
results with these somatic antigens, there
appeared to be a low degree of protection in
the group immunized with ES antigen.

Effect of a combined intraperitoneal and
oral route immunization on a challenge
infection with 25 metacercariac:

In this serics of experiments, the hamsters
were first immunized Ly an intraperitoneal

Vol. 17 No, 4 December 1986

injection of antigen in CFA as previously
described.  They were then given an oral
feeding of antigen 2 wk later. One weck
after the oral feeding, the animals were
challenged v.tir 25 metacercariae.  Animals
were sacrificed approximately 3 months
thereafter and worm recoveries from all
groups were determined and compared.
The results presented in Table 2 showed again
that with this protocol of immunization,
neither adult worm somatic extract nor
metacercarial somatic extract gave protection
apgainst a  subscquent challenge.  Thus,
there is no addition advantage of a combined
parenteral and local route of immunization
over that of a parenteral route alone.

Effect of a combined preexposure and im-
munization on the induction of protective
immunity:

Although previous experiments failed to
demonstrate  a  significant  protection in
animals receiving several forms of antigen
preparations by different protocols, it was
still possible that a weak protection stimu-
lated by natural infection could be enhanced
via a subscquent immunization. To test this
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Table 2

Effect of a combined intraperitoneal und orul route immunization on a challenge infection

with 25 metacercariae.

No. of

Somatic _ Quantity of antigens Worm recovery
antigens Intraperitoneal  Oral hamsters (Mecan £ SE)
T  CFA - 8 15.63 + 1.38
Adult 200 pg + CFA 200 pp 7 15.00 + 1.02
o - - 10 8.20 + 2.30
CFA - 6 7.83 £ 2,79
Metacercaria 20 pg* + CFA 30 pp* 8 8.13 + 2.85

* Equivalent to 100 and 150 metacercariie, respectively,

Table 3

Effect of u combined pre-exposure 10 0. viverrini purasites and antigen immunization on a

challenge infection

with 25 metacercariac.

of

. ‘“Qiluntity ol: No. Worrﬁ recovery
D e, n oI

Pre-cxposure Antigens antigens hamsters (Mean + SE)

5 Mc CFA - 6 1717 £ 148
5 Mc Adult Somatic + CFA 200 pg 8 12,13 + 1.17

5 Mc CFA - 4 17.75 + 7.80
5 Mc ES + CFA 100 pg 5 14.60 + 1.82
5 Mc CFA 10 720t 175
5 Mc Mectacercariae + CFA 50 pg* 9 6.38 + 2.97

¢ Equivalent to 250 metacereariac,

possibility, experiments were initiated by
first infecting all hamsters with 5 Mc., Then,
2-3 months later, they were immunized
traperitoncally with the antigens shown in
Table 3. Using a similar protocol for chal-
lenge and assessment of protective immunity,
it was found that a slight but significant
enhancement of protective immunity (p <
0.02) could be induced when aduly worm
antigen was uscd as the immunizing antigen
(Table 3). A small degree of cnhancement
of immunity induced by the other two

570

antigens was not significantly different from
the controls receiving only CFA.

DISCUSSION

The data presented in this paper demon-
strates that immunization of hamsters with
various O. viverrini antigens failed to protect
against infection caused by this liver fluke in
previously unexposed humsters. This is not
entirely unexpected, as we previously showed
that a prior infection of hamsters with small

Vol. 17 No.4 December 1986
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doses of O. viverrini did not confer significant
protection against reinfection by the same
parasites (Sirisinha ¢ al,, 1982, 1983a).
However, in view of an carlier report by
Flavell (1982) showing a low degree of
resistance in huamsters harboring a small
number of worms from a previous infection,
weattemptedto potentiate acquired resistance
in animals with prior infection by a subse-
quent immunization. Results presented in
Table 3 showed that the immunization of
animals harboring a low number of 0.
viverrinistrengthened their acquired immunity
to reinfection, particularly in the group
receiving aqueous somatic extract of adult
worms. However, cven with this antigen
only a 307, reduction of worm burden was
noted.

Reports by Bunnag and Harinasuta (1981)
on the recovery of several thousand worms
from patients and by Upatham et al. (1982)
on the peak intensity of infection at above age
40 provide circumstantial evidence for the
occurrence of reinfection in people in endemic
regions. More recently, Sornmani and his
colleagues (1984) demonstrated that a large
proportion of people who had been treated
with praziquantel could be readily reinfected
by O. viverrini. This finding confirmed our
previous observation on reinfection in experi-
mental animals (Sirisinha et al,. 1982). If one
extrapolates the results from our present
animal report to humans, it could be postulat-
c¢d that human vaccination in endemic areas
would provide some beneficial effect against
reinfection.

Our inability to further enhance the low
degree of acquired immunity could have
various cxplanations. Firstly, the procedures
employed may not have been optimal for our
hamster model. Hamsters are known to have
immune responses somewhat different from
most other common laboratory animals
(Streilein et al., 1981).  Furthermore, chroni-
cally infected hamsters have been noted to be

VYol. 17 No. 4 Deccember 1986

immunosuppressed and thus may not respond
optimally to immunization (Wongratanac-
heewin and Sirisinha, manuscript in prepar-
ation). Sccondly, antibodics and sensitized
lymphocytes may not have reached the biliary
tract or bile secretion in sufficient quantities.
Several years previously Sun and Gibson
(1969) deteeted antibodies reactive  with
Clonorchis sinensis antigens in the bile of pa-
tients as well as animals with clonorchiasis.
We have also observed that antibodies can be
detected in the bile of hamsters infected with
0. viverrini within one month of infection
(Unpublished). Bhamarapravati er al., (1978)
also reported the presence of mononuclear
cells in the biliary wall of infected hamsters,
Lastly, O. viverrini parasites themselves may
be resistant to immune damage or be able to
evade the defencc system of the host. We
recently demonstrated that O. viverrini were
not killed by serum from infected animals or
from patients with opisthorchiasis (Sirisinha
et al., 1986). In addition, the parasites were
also found to be resistant to in vitro killing by
splenic lymphocytes from infected donors,
either in the presence or absence of antibody
(Unpublished).  Flavell and his associates
(1980) reported that it was not possible to
induce a significant level of immunity in
hamsters by passive transfer of cither serum or
spleen cells from infected donors, Similarly,
we were unable to induce protective immunity
by oral feeding of recipient hamsters with
pooled serum from infected animals prior to,
together with or immediately after a metacer-
carial challenge (Unpublished). Resistance to
immune damage can be related to tegumental
shedding waich had been observed previously
(Sirisinha ¢r al., 1986).

Taken together, the results from experi-
mental animal studies, from clinical findings
in patients with opisthorchiasis and from
cpidemiological observations all su-~gest
that only a low degree of protective immunity
develops in opisthorchiasis and it appears un-

by
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likely that acquired immunity to O, viverrini
infection can be potentiated by immunization.
Chemotherapy alone cannot elfectively con-
trol infection in endemic regions, as people
can be readily reinfected (Sornmani et al.,
1984). Thercfore, the classical approach to
control this infection by improvement in
sanitation and health education aimed at
changing food habits, in combination with
effective chemotherapy, remains the method
of choice,

SUMMARY

Attempts were made to induce acquired
immunity against Opisthorchis viverrini infec-
tion in hamsters by immunizing them with
aqueous  somatic extract and  metabolic
products of adult worms, crude adult worm
homogenates  and  metacercarial somatic
extracts via either the intraperitoneal or com-
bined intraperitoneal and oral routes. These
procedures failed to  stimulate significant
protective response in animals that had never
been exposed to 0. viverrini, However, the
protective response reached a significant level
(3090 worm reduction) in hamsters that had
been infected with a small member of flukes
prior to immunization with aqueous somatic
extract of adult worms. Although these find-
ings indicate that it may be possible to reduce
reinfection in people in the endemic area by
immunization, it appears that a better method
currently available for the control of O, viver-
rini infection is health education aimed at
changing food habits and improving sani-
tation and personal hygicne.
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