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EDITORIAL WELCOME 

The Nordic countries are sparsely populated, and there are not many 
parasitologists within each field of science in any of them. For 25 years the 
Scandinavian Society for Parasitology has served as a fruitful meeting place 
for all of us; without this many of us would have felt a lot more isolated than 
we do today. It has also been very stimulating that so many from countries 
outside the Nordic regions have joined the SSP. B ecause of this we have 
switched our mutual communications from the Scandinavian languages to the 
more commonly accepted one, English. And now we are taking another step, 
by presenting the Bulletin. With this, we hope to increase the flow of infor­
mation both between ourselves and with the surrounding world. 

This is our first step towards a publication. The final shape of it is not 
yet quite clear, and the result is very much dependent upon how you, mem­
bers of the SSP and participants at the SSP symposia respond to our invita­
tion to participate in this new venture. We hope that you will eagerly become 
contributing authors in the future, and we would also welcome criticisms, 
comments and suggestions, which could improve the Bulletin. 

The first issue presents the proceedings from the 15th Symposium of 
Parasitology in Uppsala, Sweden. From 1992 there will be two issues per 
year, which constitute one volume per year. The scope of the ordinary issues 
is stated on the inside of the front cover, but I would like to stress that we 
want to present articles from all the various fields of parasitology which are 
of interest to parasitologists in this northern comer of Europe. This broad 
contact between the many areas of parasitology, as experienced at the SSP 
symposia, has proved to be very fruitful. The SSP has now also established 
more formal ties with our neighbours across the B altic Sea, and a section 
called B altic News, edited by Professor Peter Nansen, is one of the results of 
these new, closer bonds with the Baltic states. 

On behalf of members of the Editorial Board and the Scandinavian 
Society for Parasitology, the Editor-in-Chief welcomes the readers of the 
Bulletin, and invites you to participate with contributions to upcoming issues. 

J orun Tharaldsen, 
Editor-in-Chief 
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Preface 
This volume contains abstracts of 140 communications, including five invited plenary 
lectures, presented at the 15th Scandinavian Sympoium of Parasitology in Uppsala, 
Sweden, 4- 5 October 1991. The conference was attended by more than 170 registered 
participants, the highest number so far in the history of these symposia. 

Most of the submitted abstracts have been accepted, some after minor revisions. The 
members of the scientific/organizing committee have mainly tended to editorial amend­
ments, authors themselves are responsible for the scientific contents of their abstracts. 

The economical support provided by our sponsors is gratefully acknowledged. Such sup­
port was received by: 
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Hooshmand-Rad and Anna Lunden for assistance in preparation of this publication. 
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WELCOME BY THE PRESIDENT OF THE SCANDINAVIAN 

SOCIETY FOR PARASITOLOGY 

Hans-Peter Fagerholm 

Abo Akademi University, Abo, Finland & 
National Veterinary Institute, Helsinki, Finland 

Dear friends - on behalf of the Scandinavian Society for 

Parasitology I wish to welcome you all to this, the 1 5th, 

symposium of our Society. This year we celebrate the 25th 

aniversary and it is thus a special privilege to acknowledge the 

presence of so many parasitologists here today in Uppsala, not 

only from our region but also from numerous other countries. A 

special welcome is directed to the invited guests from the Baltic 

republics, as well as to our invited speakers and to our honorary 

members. 

It has for many of us become a valuable tradition to participate 

in the Scandinavian meetings. It appears that this tradition has 

also been well adopted by our more recent members as the 

number of participants at our symposia has steadily increased. 

One reasoo for the popularity of our symposia is certainly the 

opportunities they give to meet new colleagues.  These are also 

some of the few occasions where we can learn what is going on 

outside our own laboratories, not only in Scandinavia, but also in 

other regions. We wish, as has been the case so far, to widen 

the numerous aspects of parasitology dealt with at our symposia. 

It is, for instance, hoped that more results from investigations 

utilizing methods of molecular biology with relevance eg. to 

diagnostics, treatment and systematics will be presented. 

The proceedings of the meetings, which in recent years have 



been printed in Information of the Institute of Parasitology, Abo 
Akademi University, have represented an important mirror of 
research interests in parasitology in Scandinavia. This year you 
will find the abstracts printed in the first issue of our new 
Bulletin of the Scandinavian Society for Parasitology. We hope 
that this new forum will provide a more efficient spread of 
information on our activities, not only in Scandinavia, but also 
further afield. The Bulletin is the outcome of the work of the 
"publishing committee" ,  skilfully headed by Prof. Peter N ansen, 
which was elected by the general assembly at the Elsinore 
symposium in 1989, and of the board of the Society. As the 
success of the Bulletin will depend on the activities of all of us I 
am convinced that all are willing to make an effort to ensure the 
Bulletin will flourish. We wish to thank Dr. Jorun Tharaldsen 
(Oslo, Norway) who has accepted the editorial responsibility for 
the Bulletin. Thanks are also due to the local editors, one in 
each of the five Scandinavian countries (Tor Bakke, Flemming 
Frandsen, Lars-Ake Nilsson, Sigurdur Richter, Tellervo Valtonen), 
and the editor of the 'Baltic News'- section (Peter Nansen), for 
accepting this task and to Prof. Flemming Frandsen for the 
design of the front page. 

Today, parasitology is an active branch of science in many 
countries .  However, in Scandinavia, the number of positions in 
this field is unfortunately low. There are also marked regional 
differences. For instance in the veterinary field there are a total 
of some 20 academic positions in the other Scandinavian 
countries but as yet not a single one in Finland. It is urgently 
hoped that appropriate measures will be taken by the relevant 
authorities to change this situation. In some Central European 
countries where the political situation has changed in recent 
years , the position of numerous prominent parasitologists is at 
present very difficult due to the economical situations. However, 
it is hoped that these scientists will get possibilities to continue 
their scientific work. I would also like to reiterate our 
appreciation that several guests from the Baltic Countries have 
come here and I want to express our wish to build more 
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permanent contacts with scientists in these regions. 

Highlights of our present symposium will be the adresses of our 

invited speakers.  We are happy that they have accepted to come 

and allocated the valuable time needed for preparing their 

presentations, which deal with themes of substantial interest to 

us. I also wish to thank all who have submitted abstracts. 

Uppsala is known for L. or Linn.,  as the name of the famous 

scholar is used by taxonomists in the realm of Biology . We 

consider it an honour to have the opportunity to participate in 

this symposium arranged in the renowned surroundings where 

Carl v. Linne pursued his life. We wish to acknowledge the 

numerous sponsors. Their support is much appreciated. Finally 

we wish to thank the organizing committee (Arvid U ggla 

(chairman), Dan Christensson, Thomas Jaenson, Inger 

Ljungstrom, Lars-Ake Nilsson and Jan Thulin) for their great 

effort, which ensures that this symposium will be successful both 

scientifically and socially, living up to the high standards of 

excellence for which Uppsala is known far abroad. 
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TOXOPLASMOS I S : DIAGNO S I S  AND PREVENTION 

David Buxton , Moredun Research Institute , 
4 08 G i l merton Road , Edinburgh EH1 7 7JH , S cotl and 

Whi l e  toxoplasmos i s  has been recognised as an 
important infect i on of man and anima l s  for many 
years , it has come into greater prominence in 
recent t imes because of the danger it poses to 
sufferers from AIDS and because o f  the attent i on 
g iven by the medi a  to congenital infect ions o f  
chi ldren i n  some countries . 

Toxopl asma gond i i  i s  a proto zoan paras ite capab l e  
o f  infect ing a l l  warm-bl ooded anima l s . For over 
f i fty years it has been known to cause serious 
congen ital d isease in chi l dren and occas ional 
fatal i l lness i n  adults ( Frenkel , 1 9 9 0 ) . 

I t  i s  a l so an important cause o f  aborti on i n  
sheep , goats ( Buxton , 1 9 9 1 ) , and p igs ( Dubey , 
1 9 8 6 )  but not cattl e ,  horses or deer . I t  can 
a l s o  be an important infection of zoo and captive 
anima l s  and b irds ( Frenkel , 1 9 8 0 ; Dreeson , 
1 9 9 0 ) , parti cu l arly marsupi a l s  ( Canfield , 
Hartl ey and Dub ey , 1 9 9 0 )  and New World monkeys 
( McKi s s ick , Ratc l i ffe and Koestner , 1 9 6 8 ; Borst 
and van Knapen , 1 9 8 4 ) . 

I n  the ' s ixties it was discovered that the 
paras ite could undergo a sexual l i fe cyc l e  in the 
intest inal l in i ng of suscept ible cats , resul t i ng 
in the excret ion o f  vast numbers o f  oocysts . 
Th i s  breakthrough permitted scient ists to exp l a i n  
many epi dem i o l ogical features o f  toxop l a smos i s . 

A succes s ful d i agno s i s  of toxopl asmo s i s  requ ires 
the app l i cation of spec i fic l aboratory tests . 
However the value o f  being guided towards the 
app l icat ion of the correct tests by astute 
c l i n i cal evaluat ion of a case cannot be 
underest imated . 

Cl ini co-pathol ogi cal fi ndings i n  man 
Primary acqui red i n fection . I t  
estimated that worldwide 5 0 0  m i l l ion 
i n fected w ith T· qondi i  but 
toxoplasmo s i s  in immunocompetent people 

has been 
peop l e  are 

c l inical 
i s  much 
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less common ( Dubey and Beatt i e , 1 9 8 8 ) . S igns 
i nclude enl arged lymph nodes , mal a i s e , aching 
musc l e s  and j o ints , a headache and somet imes a 
macul opapular rash . Symptoms may l ast a week or 
so and the patient may comp l a i n  o f  a general l ack 
o f  energy for several months ( Frenkel , 1 9 9 0 ) . 
Diagno s i s  with such non spec i f i c  symptoms i s  
d i f ficult , a lthough lymphadenopathy suggests the 
pos s i b i l ity of toxopl asmo s i s . S erol ogy wou l d  
con f i rm a tentat ive cl inical d i agno s i s . 

Immunocompromised individua l s , on the other 
hand , risk devel op i ng serious i l lness if exposed 
to T· gond i i . People '' at risk" include patients 
receiving chemotherapy for cancer , ind ividual s  
w ith certa i n  tumours of the lymphoid system , 
immunosuppressed recipients o f  transpl ants , and 
v i ct ims of AIDS . I n  these cases severe a cute 
toxoplasmo s i s  develops fol l owing a primary 
infection or as a result of a recrudescence o f  a 
subc l inical , chron ic in fection estab l i shed 
be fore immunosuppress ion . The pat i ent may have a 
fever and evidence o f  pneumonit i s , hepat i t i s  and 
acute necrot i s ing encepha l it i s . 

Diagnos i s  i s  made d i f f i cult as sero l og ical tests 
tend only to demonstrate l ow Toxoplasma t itres 
which do not r i s e  during the acute phase , I gM 
ant ibody i s  detected rarely and in pati ents w i th 
neurolog ical s igns the para s ite i s  d i f ficult to 
detect in cerebrospinal fluid . Thus d i agnos i s  in 
immunosuppressed people rel ies on c l inical 
f ind ings , the demonstrat ion o f  l ow Toxopl asma 
ant ibody t itres whi ch show that an infect i on 
exists ( Luft and Ha fner , 19 9 0 ) , computed 
tomography { CT )  scanning which can reveal the 
foci of necros i s  and oedema in the bra in when 
present and on a good c l i n i ca l  response to 
Toxopl asma drug therapy ( Luft and Hafner , 1 9 9 0 ) . 
The detection o f  Toxopl asma antigen in e ither 
cerebrosp inal fluid or in the c irculati on 
( Frenkel , 1 9 9 0 )  may prove to be a usefu l  method 
in the future as might the app l icat ion of the 
polymerase cha i n  reaction ( PCR) ( see bel ow ) . 

Congeni tal I n fection . Congen ital infection may 
occur when a woman becomes infected for the f irst 
t ime whi l e  pregnant . With primary i nfection o f  
the mother early i n  pregnancy transm i s s ion t o  the 
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foetus i s  less l ike ly than i f  infect i on had 
occurred later in gestation . However the risk o f  
del ive ring a severely handicapped infant i s  
greater the earl ier in fection occurs . Thus about 
1 0 %  of chi l dren with congenital toxoplasmos i s  
have severe damage , such as hydrocephalus and 
intracranial ca l c i f ication , wh i l e  9 0 %  may 
initially appear normal but be in fected and go on 
to develop ret inochoro iditis and other less wel l 
defined neuro logical i l l ness during childhood and 
teenage years ( Couvreur and Desrnonts , 19 8 3 ; 
Couvreur , Desmonts , Tourn ier and S z usterkac , 
1 9 8 5 ; Hohl feld , Daf fos , Thul l iez , Au frant , 
Couvreur , MacAleese , Descornbey and Forest i er , 
1 9 8 9 ; Roberts and Frenkel , 1 9 9 0 ) . In fection o f  
the mother dur ing pregnancy is not readily 
recognised without spec i f ic tests ( Frenkel , 
19 9 0 ; Hol l iman , Barker and Johnson , 1 9 9 0 ) . 

Cl ini co-patho logical fi ndings i n  animal s  
Sheep and goat s . Primary infection o f  the darn 
with � .  gond i i  i n  early gestation a l l ows the 
parasite to invade and k i ll the foetus wh ich is 
then res orbed so that the mother may be 
m i stakenly thought t o be infert i l e . Infect ion in 
mid gestation may be fatal for the foetus but 
because it is more developed only part i a l  
resorpt ion occurs . The mummi fied foetus that 
rema ins is often born alongs ide a l ive s ibl ing 
although the l atter may sometimes be weak and may 
not su�vive . Infect i on in late gestation does 
not normally cause any mortal ity although the 
lambs will be in fected . In fected ewes do not 
norma l ly show any other cl inical s igns , apart 
from abort ion ( Buxton , 1 9 9 1 ) . In cases of 
abortion cha racteristic necrot ic foci in 
pl acental cotyl edons are o ften v i s ib l e  
macroscopi cally a s  white spots 2 to 3 mm in 
diameter and these are readi ly con f i rmed by 
microscopy ( Beverley , Watson and Payne , 19 7 1 ) . 
H i stological exami nat ion of brains o f  lambs that 
d i e  at bi rth w i l l  o ften reveal focal leukoma lacia 
in the cerebrum and foci of g liosis in many areas 
o f  the brain ( Buxton , G i lmour , Angus , Blewett 
and M i l l e r , 1 9 8 1 ) . 

Pigs . The incidence of cl inical toxopl asmo s i s  in 
pigs fol lowing exposure t o infection i s  var i ab l e  
and i t s  nature d i f f icult t o  pred ict ( reviewed by 
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Dubey , 1 9 8 6 ) . Pr imary infection during pregnancy 
may or may not result in congenital infect ion . 
When infect ion o f  the developing foetus does 
occur piglets may be st i l l born . Liveborn p ig l et s  
may or may not be in fected . I f  they a r e  they may 
rema in healthy or may d ie in the f irst few weeks 
of l i fe .  Prior to death fever , atax i a  and 
diarrhoea may be ev ident and at necropsy 
hepat it i s , lymphadenitis and pneumonia may be 
present . Pulmonary oedema , f ibrinonecrot ic 
alveo l it i s , non suppurat ive encephal it i s , 
granu l omatous nephritis and necrot is ing hepat i t i s  
have al l been recorded h i stologically ( revi ewed 
by Dubey , 1 9 8 6 ) . 

Other animal s .  The relative sus cepti b i l ity o f  
New World monkeys t o  T ·  qondi i  may b e  mani fest a s  
sudden death o r  acute i l lness of  a few days 
fol lowed by death . Cl inical s igns inc lude 
dyspnoea , neurological symptoms and somet ime s 
diarrhoea , wh i l e  the consi stent patholog ical 
change is  necros is , particul arly in the l iver , 
spleen and lungs but also in lymph nodes , cardiac 
muscle and brain ( McKiss ick et al . ,  1 9 6 8 ) . O l d  
World monkeys , o n  the other hand , appear to b e  
relat ively resi stant t o  T ·  gond i i . In fection 
readi ly occurs but cl inical i l lness i s  l e s s  
common ( McKiss ick e t  al . ,  1 9 6 8 ) . Marsup i a l s  a l so 
show a genera l ly increased susceptib i l ity to the 
paras ite ( Canf i eld et al , 1 9 9 0 ) , part icu l arly 
wal l ab i e s  ( Obendorf and Munday , 1 9 8 3 )  and 
kangaroos ( Patton , Johnson , Loe f fler , Wright and 
Jensen , 19 8 6 ; Dubey , Ott-Jos l in ,  Torgerson , 
Topper and Sundberg , 1 9 8 8 ) . 

Immunological t e s t s  
Immunocytochemi s try . Immunocytochemi stry 
( Buxton , Mi l l e r ,  Finlayson and Wal l ace , 1 9 8 1 ; 

Jef frey , O ' Tool e ,  Smith and Bridges , 1 9 8 8 ; 
Uggla ,  S j o l and and Dubey , 1 9 8 7 )  is  part i cul arly 
useful because it h ighl ights the paras ite in 
les ions where it may be very scarce as wel l  as 
permitting spec i f ic di f ferent iat ion from 
d i f ferent organ isms o f  s imilar morphology . 

serol ogy . Many serological tests 
devel oped but the dye test ( DT )  , 
requi ring a source of  l ive para s ite 
readi ly l ending its e l f  to automation , 

have been 
despite 

and not 
remains 
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the reference test for man ( S abin and Feldman , 
1 9 4 8 ) . It i s  also of  value for di agno s i s  in 
sheep ( Waldeland , 1 9 7 6 ) , goats ( Dubey , 
Desmonts , Antunes and McDonald , 1 9 8 5 )  and p igs 
( Dubey , 1 9 8 6 ) . 

The ind i rect f luorescent antibody test ( IFAT ) 
correl ates we l l  with the DT and as both use 
intact organ isms , as does the d i rect 
agglutination test , a l l  three detect ant ibodies 
d irected aga inst surface antigens . Tests u s ing 
solub l e  extracts o f  T ·  gondi i  tachyz oites include 
the l atex agglutinat i on test ( Tsubota , H i ra oka , 
Sawada , Watanabe and Ohshima , 1 9 7 7 ) , the 
indirect haemaggluti nation test ( Jacobs and 
Lunde , 1 9 5 7 ) , as wel l  as the E LISA ( Vol l e r , 
Bidwe l l , Bartl ett , Fl eck , Perkins and O l adeh i n , 
1 9 7 6 ) . The advantages of  the l atter are that not 
only does it permit automation but it can a l s o  be 
set up to detect e ither IgM or IgG . 

Cel l mediated immun ity can be detected in man and 
anima l s  with the rel at ively crude del ayed type 
hypersens itivity test ( Frenkel , 1 9 4 8 )  or by the 
more up to date lymphocyte trans formation assay 
( Derouin , Rab ian-Herzog , Bal l et , 1 9 8 9 ) but 

neither appear to be used for rout ine diagno s i s . 

Detection o f  Toxopl asma nuc l e i c  a c i d s . The 
detection of Toxopl asma DNA or RNA by the PCR 
( Burg , Grover , Poul etty and Boothroyd , 1 9 8 9 ; 
S avva , Morr i s , Johnson and Hol l iman , 1 9 9 0 ; 
We iss , Udem , Sa lgo , Tanowitz and Wittne r , 
19 9 1 )  st i l l  needs to be ful ly evaluated . The 
spec i f i c ity and high sens itivity of this 
techn ique wi l l  make it v�ry valuab l e , al though 
stringent sampl ing and l aboratory techn ique a re 
essent ial to avo id false pos it ive resul t s . 

I so l at i on o f  Toxop l asma . Toxoplasma- free mice 
can be inocul ated with suspect material and 
examined for serological ev idence of the paras ite 
4 to 6 weeks later . No further pas sage is 
necessary i f  the mice rema in seronegat ive . 
Another opt ion i s  to inocul ate t i ssue cultures . 
Thi s  has the advantage that it avoids the use o f  
an ima l s  and i s  more rapid but whether it i s  a s  
sens itive is  uncerta in . 
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Prevent i on o f  human infection 
Advice on avo iding in fection appl ies to everyone 
but espec ia l ly to those at-r isk . As a h igh 
proport ion o f  meat-producing anima l s  are exposed 
to Toxopl asma it is best to assume that they are 
a source of infect i on { S acks , Delgado , Lobe l  and 
Parker , 1 9 8 3 ) . Meat should there fore only be 
eaten a fter adequate cooking , for examp l e  when 
red meat has turned brown . Good kitchen hygiene 
is essential . I rradiat ion or free z ing and 
thawing of meat either e l iminates or greatly 
reduces the viabil ity of Toxopl asma t i ssue cysts 
( Dubey , Brake , Murre l l  and Fayer , 1 9 8 6 ;  
Dubey , 1 9 8 8 ) . It has been shown experimenta l ly 
a l s o  that the parasite can be present in 
unpasteurised goats milk ( Dubey , 19 8 0 )  but it is 
not transmitted in eggs ( Dubey and Beatt i e , 
1 9 8 8 ) . 

Oocysts can be found where cats defaecate , 
therefore cul tivated s o i l  and chi l drens ' sandpits 
are a potent i a l  source o f  in fect i on . Ingestion 
of soil or sand d i rectly or ind i rectly must be 
avo ided . Domestic sandpits should be covered 
when not in  use to prevent cats ga ining access to 
them , and pub l i c sandpits should be avo ided 
because they may al s o  harbour other infect ions 
such as toxocar i a s i s . 

Peop l e  at-risk shoul d  wear rubber g l oves whi l e  
garden ing and vegetabl es should b e  washed free o f  
s o i l . Cat l itter trays should be cl eaned at 
least once a day , but not by a pregnant or 
immunosuppressed person , to remove any 
Toxopl asma oocysts be fore they sporul ate and 
become infect ive . Flushing i nfected faeces down 
the t o i l et may l ead to large volumes o f  salt and 
f resh water becoming contaminated and thus it i s  
probably better to encourage the hyg i en i c  
d i sposal o f  c a t  l itter i n domestic refuse bins . 
Pregnant women should not ass i st with l amb i ng 
ewes or the care o f  newborn l ambs , not only 
because o f  the risk of toxopl asmos i s  but a l so 
because sheep may a l s o  carry other z oonot ic 
infect i ons such as Chlamydia ps ittaci and 
Coxiel l a  burnet i i . Farrowing sows and kiddi ng 
goats may a l so pose a risk . 
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Prevent ion o f  animal infection 
Sheep and goats , being herb ivores ,  become 
infected a fter ingest ing oocysts , whereas p igs 
can a l so p ick up infection from undercooked swi l l  
contain ing v iable t i s sue cysts . Zoo animal s  can 
become in fected with e ither oocysts or t is sue 
cysts dependi ng on the ir d iet , so that great care 
needs to be taken in selecting , preparing and 
storing the ir spec i a l i st mea l s . In thi s  context 
it should a l so be remembered that the feeding o f  
raw Toxopl asma infected meat to any members o f  
the cat family can result in the excretion o f  
Toxopl asma oocysts ( Jewe l l , Frenkel , Johnson , 
Reed and Ru i z ,  1 9 7 2 ; M i l l er ,  Frenke l , Dubey , 
1 9 7 2 ; Ochol i ,  Kalej a iye and Okewole , 1 9 8 9 ) . 

Perhaps the most common source o f  infect ion for 
herb ivores i s  contaminated pasture . F ields 
treated with manure and bedding from farm 
buil dings where cats l ive can cause infecti on 
( Faul l ,  Cl arkson and Winter , 1 9 8 6 )  and care l e s s  
storage of farm feeds may a l s o  p o s e  a risk 
( Pl ant , Richardson and Moy l e , 1 9 7 4 ) . F i fty 

grams of infected cat faeces may conta in as many 
as 1 0  m i l l ion oocysts ( Dubey and Frenke l , 1 9 7 2 ) . 
Hypothet ica l ly i f  thi s  was d ispersed evenly 
throughout ten tonnes o f  concentrated animal feed 
then each k i l ogram would conta in between f ive and 
twenty f ive sheep-infect ive doses ( McColgan , 
Buxton and Bl ewett 1 1 9 8 8 ) . The extent o f  
env i ronmental contamination can thus b e  related 
to the d i stribut ion of cats . 

To l imit env ironmental contamination by oocysts 
the number of cats capable of becom ing i nfected 
and shedding oocysts should be reduced . S ince 
these tend to be young anima l s , breeding shou l d  
be control led t o  favour a smal l  heal thy 
population of mature anima l s . Feed should a l s o  
b e  kept covered to prevent its contami nat i on by 
cat faeces . 

No k i l l ed Toxopl asma vaccines are currently 
ava i l able for use in anima l s  or man . However 
prevention o f  toxoplasmo s i s  in sheep by 
vacc inat ing with Toxoplasma tachy z o ites o f  the 
i ncomp l ete S 4 8  stra in was p i oneered in New 
Z e a land ( O ' Conne l l , Wi lkins and TePunga , 1 9 8 8 ; 
Wi lkins , O ' Conne l l  and TePunga , 1 9 8 8 ) . Recent 
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research in the UK 
S 4 8  stra in ( Buxton , 
Bos , in pres s ) . 

confirms the e f fi cacy o f  the 
Thomson , Mal ey , Wright and 

Whether the use of this vaccine becomes more 
widespread rema ins to be seen but in the meant ime 
the i onophore , monens in , which has s ign i f i cant 
ant i -Toxopl asma act ivity in sheep , may be used 
to control infection in countries where 
l eg i s l at ion permits its use ( Buxton , Donald and 
Finlayson , 1 9 8 7 ; Buxton , Blewett , Trees , 
McColgan and Finlayson , 1 9 8 8 ) . 

The l ong term a im both in human and animal 
medi cine must be to reduce the risk of infect i on 
by improved education and to work towards the 
devel opment of an e f fective and safe k i l l ed 
vacc ine . Al ongs ide this we need to strive for 
better means of diagnos is , part icularly in 
immunosuppressed patients , and for improved 
methods of treatment . 
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QUANTITATIVE EPIDEMIOLOGY OF PARASITIC INFECTIONS 
IN FISH 

Sophie des Clers 
RRA G, I mperial C ollege of S ci ence, Technology and 
Medicine, London SW7 I NA, UK 

T h e  s tatistical  prop erti es  o f  prevalen c e ,  inten s ity , 
abundance and of m orphometri c vari ables used i n  the 
study of parasite p opulati ons of fi sh are examined in 
detail .  Research articles published in the l ast five years 
are reviewed for their use of quantitative methods . 
I t  appears th at m any publications dep ict  m o s tl y  
qualitative taxonomic studies or geographical survey s of 
p ar a s i t e  d i s t r i b u t i o n .  Par a s i t e  I i fe - cy c l e  a n d  
epidemiological studies make u s e  o f  statistical methods 
m ore frequ ently , while  s tu dies of the populatio n  
dynamics of parasitic infections, i n  the laboratory or in 
the field, are often quantitative. 
S ampling theory is sys temati cally overl ooked in the 
planning of field surveys and host or parasite population 
dynamics are rarely discussed beforehand. Surveys are 
therefore plagued with too few fi sh, too often , in too 
many places . 
The advan tage of expl oratory data analy s i s  using 
graph i c s ,  data transformation,  hyph oth esis  testing or 
simple stati sti cal model s  is illustrated. The discussi on 
focu s ses on the i mportance of sampling design and a 
dynamic approach in epidemiological studies of both host 
and parasite population s .  
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THE ECOLOGY OF LYME BORRE L I OS I S  

Thomas N .  Mather , Ph . D .  
Harvard School  of  Publ i c  Heal th , Bo ston , Mas s ac h u setts  USA 

Abs tract : Lyme borrel i o s i s  i s  a t i c k - transmi tted 
s p i rochetal  i n fect i on of  i mmen se worl dwi de s i gn i fi cance . 
Wherever the i n fect i on i s  i nten s e l y  t ransm i tted , the  
pri n c i pa l  t i ck vectors  al l bel ong to the  genus  Ixodes and  
most d i sp l ay s i m i l ar host  rel at i ons h i ps ;  adul t t i c ks 
req u i re a l arge vertebrate to  ma i nta i n popu l at i on s  wh i l e  
smal l rodents  serve as  p r i n c i pal  s p i rochetal  reservo i rs .  
Dyn ami cal  ana lyses  o f  t he i nterrel at i on s h i p s between vector 
t i c ks and the i r hosts and reservo i rs can  be u s e fu l  i n  
unders tand i ng d i str i but i on s  o f  t i c ks ,  espec i al l y  those  
i n fected t i cks wh i ch create h uman r i s k .  Such  ana lyses  can  
al so  d i rect devel opment of  strateg i e s to pred i ct and 
suppre s s  h uman r i s k .  

I NTRODUCT ION 

Lyme borrel i os i s ,  or Lyme d i sease  as i t  i s  known th roughout 
North Amer i ca ,  i s  a t i ck - transmi tted s p i rochetal  i n fect i on 
t h at occurs nearl y worl dwi d e ,  p r i n c i pa l l y  i n  north 
temperate c l i mates . In  j u st  the past  decade , s i nce  
d i scovery of  the  causat i ve s p i rochete , Borre l i a 
burgdorferi , Lyme borrel i o s i s h a s  become t h e  l ead i ng 
arthropod - borne d i sease  i n  both North Amer i ca  and Europe . 
Wherever transmi s s i on of  the  Lyme borrel i o s i s s p i rochete i s  
found to be endemi c ,  t i cks o f  the genus  Ixodes are present 
to  serve as vectors . As expected , the  r i s k  for h uman 
i n fect i on i s  rel ated to man ' s  exposure to  i n fected t i cks ; 
t h i s expo sure may occur wherever the spec i fi c  compl ex  o f  
zoot i c  cond i t i ons  are found wh i ch s upport enzoot i c  
t ransmi s s i on o f  B .  burgdorferi . Typ i cal l y ,  wooded and 
bru s h - covered l andscapes  create " su i t abl e h ab i t a t "  for t h i s  
zoonos i s .  However , i n  many affl i cted reg i ons  Lyme 
borrel i os i s  appears to be emerg i ng as a " back-yard " d i sease  
i n  re spon se  to both  soc i a l and  ecol og i c  factors enhan c i ng 
h uman cont act w i th  i n fected vectors (1) . 

The ecol og i s t i s  ch arged wi th unravel i ng the  comp l ex o f  
entomol og i c  and zool og i c  i nterrel at i on s h i p s t h a t  res u l t i n  
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part i cul ar d i str i but i ons  of i nfected t i c ks .  He must  
descr i be what  he observes , i nc l ud i ng vector rel at i onsh i p s 
w i th  both pathogen and host , the  reservo i r  potent i a l of  
t i c k host s , and  the  i nfl uence of both phys i cal  and  b i ol og i c  
factors on t i ck d i str i but i ons . He must then i nterpret 
these  observat i on s  i n  a dynami cal  way because  each observed 
factor or attr i bute may i n fl uence the system i n  such a way 
as to y i e l d  an unexpected re su l t .  The ecol og i st al so  has  
an opport un i ty to  i dent i fy foc i  vu l nerabl e to d i s rupt i on i n  
the  nat ural  transmi s s i on cycl e or even i n  the  cycl e of  
h uman r i s k ;  s trateg i es for  s uppress i ng tran smi s s i on and 
protect i ng human and an i mal  hea l th  may come from deve l op i ng 
a comprehens i ve underst and i ng of the nat ural ecol ogy of 
Lyme borrel i os i s .  

VECTORS 

The pr i n c i pa l  vectors of B .  burgdorferi have been 
i dent i fi ed as those  anthropoph i l i c t i cks bel ong i ng to the 
Ixodes r ic inus- compl ex {2} . These i nc l ude Ixodes damm in i , 
I .  scapu l ar is  and I .  pac if icus i n  North Amer i c a ,  I .  
r ic inus i n  Europe and I .  persu l ca tus i n  Euras i a  (3) . These 
vectors al l exh i b i t  a broad host  range al t hough i n  the  
adul t s tage al l appear  to  requ i re that a l arge an i ma l  serve 
as  host  wh i l e  the i mmature s tages  more frequentl y encounter 

... 
and take the i r bl ood mea l  from smal l er vertebrates , 
espec i al l y  smal l rodents . Th u s , wherever t ransmi s s i on of  
B .  burgdorferi  i s  fo und , a representa t i ve 11 deer 11 t i c k 
exh i b i t i ng a s i m i l ar host  feed i ng behav i or a l so occurs . 
Moreover ,  these  t i cks  al l possess  l ow tol erance for 
des s i cat i on and t h u s , wi l l  be found i n  m i croh ab i tats  of  
extreme l y  h i gh  h umi d i ty .  

I n  add i t i on ,  zooph i l i c vectors capabl e of enzoot i c  
transmi s s i on of B .  burgdorferi  i ncl ude the  North Ame r i can 
rabb i t t i c k I .  den t a tus (4} , the  European I .  hexagonus , and 
poss i bl y  the  European mouse  t i c k I .  t r i angu 7 i ceps . These  
t i c ks may ma i nt a i n or even  ampl i fy the  s p i rochete i n  
cert a i n zoot i c  host s . I n  the  case of I .  den t a tus , a 
paral l e l but l argel y  non - overl app i ng transmi s s i on cycl e i s  
mai n t a i ned among cottont a i l s  (Sy 7 vi 7 agus f 7 or idanus )  (4) ; 
I .  dammin i rare l y  feed s s ucces s fu l l y  on  rabbi t s  wh i l e  I .  
dent atus rarel y attacks man . Neverthel ess , the  ex i stence 
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of such  zooph i l i c  vectors create the  pos s i b i l i ty of  
mai nta i n i ng h i gh l evel s of enzoot i c  transmi s s i on even  i n  
the  absence of  human i n fect i on .  I n t roduct i on of  an 
anthropoph i l i c  t i ck spec i e s i nto such  a zoonot i c  
transmi s s i on cycl e cou l d serve a s  a " br i dge " creat i ng h uman 
r i s k  where none prev i o u s l y  exi sted . 

Other s pec i es of t i c ks and other b i t i ng arthropods appear 
e i ther  i ncapabl e of ,  or are otherwi se  un l i ke l y  to serve as  
vectors  of B .  burgdorferi . Experi mental  ev i dence shows 
that  other vectors , i nc l ud i ng Amb lyomma and Dermacento r  
t i cks (5 , 6} , and mo s q u i toes (7) may become i n fected w i t h  
s p i rochetes b u t  these  i n fect i ons  are short - l i ved and 
u s u al l y  do not surv i ve to be transm i tted . 

S P I ROCHETE INFECT I ON OF VECTORS 

S p i rochetal  i n fect i on of Ixodes wi l l  depend upon a vector ' s  
host  feed i ng behav i or .  Because  transovari a l  t ransmi s s i on 
of B .  burgdorferi  i n  Ixodes rare l y  occurs (8} , l arvae h atch 
from eggs wi thout  s p i rochetes and must acq u i re an i n fec t i on 
d ur i ng b l ood feed i ng .  Larv ae and nymp h s , t h u s  acqu i r i ng 
s p i rochetes , pass  the  i n fect i on tran s s tad i a l l y ,  where i t  
can be transmi tted by b i te from e i ther  the  nymphal  o r  adul t 
stages . Adu l t t i cks , h av i ng h ad two p rev i ou s  opportun i t i es 
to become i n fected , are more l i ke l y  to be i n fected than are 
nymp h s . However , r i s k  of i n fect i on i s  greatest from 
expo s ure to nymphs (9} , s i nce  t he i r  m i nute  s i ze make t hem 
d i ff i c u l t to fi nd and remove before transmi s s i on may occu r .  

From a publ i c  hea l t h  perspect i ve ,  h uman r i s k  for i nfect i on 
wi l l  be rel ated to  the  abundance of i n fected t i c ks . The 
proport i on of i n fected t i cks  i n  a popul at i on ,  or  the  t i ck 
" i nfect i on rate " , w i l l  l arge ly  be determ i ned by that  
proport i on of t i cks  tak i ng the i r  b l ood meal  from i n fec t i ve 
host s ,  cal l ed reservo i rs .  Al though any host  b i tten by an 
i nfected t i ck may become i nfected , not al l hosts  are 
reservo i rs and a l l re servo i rs are not equal l y  i n fect i ve to 
those t i cks feed i ng on  them . Th u s ,  i n fect i v i ty t o  feed i ng 
t i c ks , and not  mere l y  seroconve r s i on  or i so l at i ng 
s p i rochetes from host  an i ma l s woul d be requ i red to prove 
reservo i r competence . I n fect i v i ty can o n l y  be mea s u red 
appropr i ate l y  by t i ck xenod i agno s i s ( 10} conducted o n  
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popul at i on s  o f  w i l d -caught  host s . 

Bes i des  i t s i nfect i v i ty ,  for a reservo i r  to  contri bute i n  a 
s i gn i f i cant way to i n fect i ng t i c ks i t  mu s t  al s o  exh i b i t  a 
h i gh degree o f  contact w i t h  vector t i cks ( part i cu l arl y the  
i mmatu re s t ag e s )  and  be abundant i n  t i ck - i n fested  h ab i tats . 
Each of  these  host  attri butes  ( i n fect i v i ty ,  vector contact 
& host  abundan c e )  cont r i bute i ndependent l y  to the  overal l 
potent i al for a part i cu l ar  spec i es  to serve as  reservo i r .  
Howeve r ,  these  parameters can a l s o  be l i n ked i n  an  
anal y t i cal  form to  compare the  rel at i ve contr i but i on each  
host  makes  to i n fect i ng the  t i ck popu l a t i on  ( 1 1) . The 
" reservo i r  potent i al " (R )  exh i b i ted by a part i c u l ar  spec i es 
( s )  can  be expre s sed as : 

where N i s  t he  number o f  i n fected nymph s  produced by 
spec i es 5 ( s ) , and D i s  the overal l dens i ty o f  spec i es ( s )  
a t  a g i ven l ocat i on . 5 I n  the  equat i on ' s  most s i mpl i f i ed 
form , feed i ng and mol t i ng s uccess  of  t i cks  from var i o u s  
h o s t s  can be a s s umed as  equal  so  t h a t  the  average  n umber o f  
l arvae per host  spec i e s y i e l d s  t h e  n umber o f  re su l tant  
nymph s .  Moreover ,  by  i ncl ud i ng s pec i f i c  spec i e s '  
i n fect i v i ty ,  t he  res u l t when expres sed a s  a percentage  wi l l  
be the  proport i on o f  i nfected t i c ks der i ved from a s i ng l e 
s pec i es , or i t s reservo i r  potent i al . I n  th i s  manner , i t  i s  
poss i b l e  to determ i n e  the  sources  o f  i n fected t i cks  and 
est i mate the  rel at i ve contri but i on each  reservo i r  makes  
towards i nfect i ng the  t i c k popul ati on ( 1 1 } . 

Prel i m i n ary ana lyses  to determ i ne the  rel at i ve contri but i on 
made by potent i al reservo i rs i n  coastal  New Engl and ( USA)  
confi rms that smal l rodents , and i n  part i cu l ar , wh i te ­
footed mi ce ( Peromyscus l eucopus )  serve to  i nfect mo s t  
t i cks w i t h  s p i rochetes ( 1 1} . I ndeed , wherever B .  
burgdorferi  i s  i nten s e l y  transmi tted , s i m i l ar roden t s  
i ncl ud i ng the  European Apodemus spp . (12} appear to serve 
as pri nc i pal  reservo i rs .  Moreover , l arge ungul ates s uch as  
deer , wh i l e  serv i ng as  cr i t i cal  hosts  for  adul t s tage 
t i cks , appear i ncompetent as  reservo i rs as  t hey a re 
i ncapabl e of  i n fect i ng feed i ng t i cks (13} . Th u s ,  i n  s uch  
s i tes the  t i c k " i nfect i o n rate " may be  l arge l y  determi n ed 
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by the  rel at i ve proport i on of  rodent - and deer - fed t i cks  
because  mos t  t i c ks probabl y acqu i re a bl oodmeal from e i ther  
deer  or rodents . Of  course , other hosts  al so  produce non ­
i nfected t i cks j u st  as  other reservo i rs may produce 
i n fected t i cks . Where I .  dammjnj  i s  the  vector , the  " host  
m i x "  found at  any part i cu l ar s i te u l t i mate l y  determi nes  the  
t i c k i n fect i on rate , wh i l e  the abundance of  cr i t i cal  host s , 
s uch as  deer , appear to  determ i ne t i c k �bundance . I n  other  
l ocat i ons , where other  Ixodes serve  as  vector , temporal 
p attern s i n  t i c k feed i ng behav i or may a l so  serve t o  
reg u l ate t h e  l evel  of i n fect i on i n  t h e  t i c k popu l at i on (2} . 

Des p i te s i m i l ar i t i es i n  vector/host  assoc i at i ons  throughout  
the  range of Ixodes vectors , t i ck i n fect i on rates  are  not  
un i form . I n  wes tern and southern USA , and perhaps  i n  some 
areas  of Europe where t i ck i n fect i on rates are typ i cal l y  
l ower t h an i n  the  northeastern USA , cert a i n  spec i e s of  
l i zard s compete wi t h  m i ce as s i gn i fi cant hosts  of  i mmat ure 
Ixodes . Moreover , some l i zard s ,  notabl y i n  the  genus  
Sce l oporus have been  fo und i ncapabl e of  i n fect i ng feed i ng 
t i c ks ( 14) . D i vers i o n  of i mmature t i ck feed i ng on  non ­
competent reservo i r  hosts  wi l l  prov i de a " zooprophyl ax i s '' 
( 15} , serv i ng to  further d i l u te the  i nc i dence of  i nfect i on 
i n  t i c k popul at i ons . The extent of d i vers i on ary feed i ng by 
i mmature t i cks w i l l  determi ne  the degree of zooprophyl ax i s .  
Th u s , because  l i zards appear to serve as  i mportant hosts  o f  
i mmat u re t i c ks i n  certa i n  areas , t i c k i n fect i on rates 
reported from areas  wi th  an extens i ve l i zard fauna  
typ i cal l y  are  con s i derabl y l ower than those  reported from 
the  northeastern USA ( 16} . 

APPLI CAT I ONS O F  ECO LO G I CAL STUD I ES 

Numerous  descr i pt i ve ecol og i c  stud i es h ave  documented a 
w i d e  v a r i ety of  hosts  for Ixodes t i cks as  wel l a s  l i s t i ng 
those  an i mal s and t i cks  i n fected w i th  B .  burgdorfer j  ( Re f .  
3 ) . Al t hough many mammal s  and b i rd s  are t i c k- i n fested and 
s p i rochete - i nfected , a dyn ami c ana lys i s ,  such  as  compar i ng 
the  reservo i r  poten t i al of  t i ck hosts  { 1 1) may i dent i fy 
p art i cu l ar key reservo i rs .  I n  add i t i on ,  s pat i al an a l ys i s  
may be u seful i n  p l ac i ng s uch reservo i rs and t he i r  
a s s oc i ated t i c ks i n  spec i f i c  hab i t ats . I n  coastal  New 
Engl and ( USA) , m i c e  ( P .  l eucopus )  h ave  been found t o  

1 9  



contri bute more than  90% o f  al l i n fected I .  dammin i ( 1 1 ) . 
Moreover , these  i mportant reservo i rs concentrate al ong 
ecotones between wood s and brus h  or  open gras s l and . 
I nc l uded i n  th i s  preferred ecotonal h ab i tat i n  more 
s uburban l andscapes  are s hrub  and fl ower gardens , rockwal l s  
border i ng or extend i ng from wood l ots  and woody buffer 
scree n s  between house  l ots . T i c ks may be general l y  
d i str i buted on  such  propert i es but woul d occur i n  greater 
abundance i n  that hab i tat descri bed as  ecotone or  wooded . 
Pre s umab ly  human r i s k  for encounter i ng i nfected t i c ks wou l d  
be greatest i n  such  hab i tat types , and recogn i z i ng these  
h i gher- r i s k  foc i  on propert i es may permi t targetted t i c k ­
reduct i on through d i rected chemi cal  appl i cat i on s  or  
i mp l ementat i on of  cu l tural  mod i f i cat i on s  to  the  l andscape . 

Dynami c anal yses  document i ng the  i mportance o f  wh i te - footed 
m i ce  (P. 7 eucopus )  as  pr i nc i pal  reservo i rs contr i but i ng 
most  i nfected t i c ks has  a l so  s t i mul ated the  devel opment of 
host -targetted strateg i e s for reduc i ng popu l at i on s  o f  
i nfected t i c ks . The u s e  of  permethr i n -treated cotton f i ber 
( 17} (Dammi n i x

R
) as  nest i ng mater i al for m i ce u s u a l l y  

re su l t s  i n  the  v i rtual  e l i m i nat i on o f  t i c k i nfestat i ons  on  
treated an i mal s .  Moreover , i n  s i te s  where m i ce  contri bute 
most  i n fected t i c ks , the  abundance of  such  t i c ks has  been 
reduced by as  much a s  97% ( 18} . Th i s  strategy works best  
when  the  product i s  appl i ed to  a l l mouse  hab i tat i n  an  area 
and compet i ng nest i ng mater i al i s  absent . S i m i l ar 
ana lyse s ,  i f  emp l oyed under d i fferent enzoot i c  cond i t i on s  
m i ght  d i rect t h e  i mpl ementat i on of  other h o s t - t argetted 
strateg i es , or  s uggest an i ntegrat i on o f  i nterven t i ons  to 
attack t i c ks produced by key reservo i rs .  

Devel o p i ng an ab i l i ty to  pred i ct ri s k  for Lyme borrel i o s i s 
tran sm i s s i on coul d h ave several u seful  outcomes not the  
l east  of  wh i ch woul d  be  i n  structur i ng appropr i ate t i c k 
management strateg i es .  Towards t h i s goal , we h ave recentl y 
been eval uat i ng the  pred i ct i ve capab i l i ty o f  the  reservo i r  
poten t i al model ( RP )  to generate expected t i ck i nfect i on 
rates based on  pr i or-year zool og i c  parameters . I t  w i l l  
s t i l l  be neces s ary to  cr i t i cal l y  a s s e s s  th i s  model under a 
var i ety of  s i tuat i on s ,  espec i al l y to te st  the  potent i al for 
geograp h i c  v ar i at i on i n  cr i t i cal  parameters such as 
i n fect i v i ty .  However , i n  prel i m i n ary res u l t s  from stud i es 
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at one  l ocat i on ,  we have s ucce s s fu l l y  correl ated t i c k 
i nfect i on rates wi th  part i cu l ar zool og i c  parameters . 

As an exampl e o f  the  pred i ct i ve capaci ty of  the  RP model , 
s p i rochete i n fect i on rates i n  nymph al I .  damm i n i  were 
mea s u red on  Naushon  I s l and i n  Mas sachusetts  ( USA) between 
1 985 and 1 989 . The annua l  May - J u l y  i n fect i on rate was far 
from con stant , rang i ng from a h i g h of  24 . 5% i n  1 986 to a 
l ow o f  1 2 . 5% i n  1 987 . Us i ng s i mu l at i ons  o f  the  RP model , 
we demonstrated t h at cons i derabl e var i at i on ( >  40%) i n  t i c k 
i n fect i on rates m i ght  be expected as  a res u l t o f  
fl uctuat i ons  i n  the  abundance o f  wh i te - footed m i ce ( P .  
l eucopus ) s i nce t h i s an i mal exh i b i t s  s uch a h i gh degree o f  
reservo i r  potent i a l on  Naushon  I s l and . Howeve r ,  even gro s s  
fl uctuat i ons  ( >  50% o f  average va l ue s )  i n  the  abundance of  
the  next  two most  i mportant reservo i rs ( s hrews and  wren s )  
res u l ted i n  l e s s  t h an a 2% vari ance i n  the  expected t i c k 
i n fect i on rate . Thus , annual  mouse  dens i t i es were 
eva l u ated to expl a i n  the observed var i a t i on  i n  Naushon  
I s l and t i c k i n fect i on . Mouse  dens i ty had been  determi ned 
between 1 985 and 1 989 u s i ng g r i d  trapp i ng and mark- rel e a s e ­
recapture method s . M i ce were abundant i n  1 985 , were 
extreme l y  rare i n  1 986 , and i ncreased to an i ntermed i ate 
den s i ty i n  1 987 - 1 989 . 

There was a s i gn i f i cant corre l at i on between mouse  dens i ty 
i n  year X and the  t i c k i n fect i on rate i n  year X+l  ( p =  
0 . 04 ) , s ugge st i ng a causa l rel a t i onsh i p  between mouse 
dens i ty �and s u bsequent s p i rochete i nfect i on of  nymphs . 
Reservo i r  potent i a l ana l ys i s over the  5 year per i od were 
s i mu l ated u s i ng average parameter va l ues for al l hosts  wi th  
the  except i on o f  mouse den s i ty ;  mo use  den s i t i es actual l y  
obs erved were u sed for each s i mu l at i on .  Each o f  the  5 
s i mu l at i ons  res u l ted i n  pred i cted t i c k i nfect i on rates 
wh i ch were s i gn i f i can t l y  correl ated ( p=0 . 02 )  w i t h  the  
obs erved i n fect i on rate  for  each repect i ve year . Th us , at 
th i s  s i te ,  the  RP model abl y pred i cted t i c k i n fect i on rates 
based so l ey on  mouse  dens i ty e s t i mates . 

CONCLU S I ONS 

De s p i te speci fi c d i fferences i n  transmi s s i on cyc l es of the  
Lyme borrel i os i s s p i rochete worl dwi de ,  th i s  i n fect i on i s  
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transmi tted by Ixodes t i c ks whose popul at i ons  are 
ma i nt a i ned by bl oodfeed i ng on l arge an i mal s but wh i ch 
acqu i re i n fect i on pr i nc i pa l l y  from smal l rodents . Becau s e  
t h e s e  t i c ks exh i b i t  l i tt l e off- host  v ag i l i ty ,  the i r  
d i str i but i on s  wi l l  be c l ose l y correl ated wi th  the  hab i t at 
o f  t i ck hosts  but may be mod i fi ed further by phys i cal  
constra i nts  such  as mo i sture . Moreover ,  the  abundance of  
i n fected t i cks and  thus  the  greatest r i s k  for  human 
i nfect i on wi l l  l i ke l y be found i n  the hab i tat frequented by 
cr i t i cal  rodent reservo i rs .  Study i ng the  ecol ogy o f  Lyme 
borrel i o s i s ,  espec i al l y the  potent i a l for certa i n  hosts  to 
s erve a s  reservo i rs of  i n fect i on ,  may l e ad to novel  
i ntervent i ons , s uch as  d i rected l andscape man i pu l at i on ,  
host - t argetted acari c i des  and an ab i l i ty to  pred i ct r i s k  i n  
advance of  the transm i s s i on season . W i thout  a doubt , 
strateg i es to s uppre s s  human i n fect i on must  i nc l ude a 
var i ety of  ecol og i c  compon ent s . 
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The spectrum of species of helminth parasites infecting swine 
is rather narrow compared with that of other livestock . Con­
s idering the s ituation in Northern Europe only a handful of 
worm species is  of maj or importance , i . e .  Ascaris suum , 
Oesophagostomum dentatum , Oesophagostomum quadrispinulatum , 
Strongyloides ransomi and Trichuris suis . Thi s  is  partly 
explained by the tradition of indoor rearing of pigs , which 
precludes development of certain paras ites , and makes tran s ­
miss ion more o r  l e s s  independent o n  natural environmental 
conditions of the various geoclimatic zones . - Much of our 
recent knowledge on pig paras ites in this part of the world 
stems from studies conducted as part of a j oint Scandinavian 
research proj ect , and the present review i s  to a large extent 
based on its results ( presented in NKJ-rapport no . 59 , 
Scandinavian Contact Agency for Agricultural Research 199 1 ,  -
and elsewhere in the present proceedings ) .  

PREVALENCE 

Survey studies indicate that the prevalence of helminth 
parasites , e . g .  in Denmark , has decreased considerably since 
the 1950 ' s  along with a strong intens if ication and moderniza­
t ion of the pig industry . As product ion units have grown 
bigger and labour has become more expensive , construction of 
new buildings and equipments has occurred on a large scale , 
although some traditional units are still  lef t . Slatted f loors 
have replaced concrete f loors with straw bedding , and tether­
ing of sows , early weaning etc . have been established . In  a 
comprehensive j o int Scandinavian herd survey ( Roepstorff and 
Nilsson , NKJ�rapport no . 59 , see above ) ,  prevalence figures of 
the various helminths were by multi-variable analyses related 
to management factors , and this indirectly explained the cause 
of the decreasing prevalence rates over the past 30  years . 
Among the two prevailing worms , i . e .  A . suum and Oesophagosto­
mum spp . , the latter is  more influenced by housing and 
management than the former . Evidently , both housing type , 
early weaning , drug treatment and hygienic measures s ignifi­
cantly depress  paras ite transmiss ion and explain that this  
formerly very common parasite may be  completely absent in some 
modern herds . In contrast , A . suum is less  vulnerable to the 
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above factors , and thi s  worm still  prevails in  many modern p ig 
units , yet at lower prevalence rates than in traditional 
herds . The difference between the two worms in their response 
to the above extrins ic factors may be explained by differences 
in the resistance of their external stages , in reproductive 
potentials and in host regulatory responses . S .  ransomi and 
T . suis both have low and sporadic occurrence in housed pigs . 
One general and important conclus ion that can be drawn f rom 
the above studies is  that the most efficient control includes 
comb inations of housing and hygiene f actors unfavorable to 
helminth transmis s ion , rather than just an uncritical belief 
in the virtue of the routine use of anthelmintics alone . 

ECONOMICAL LOSSES 

Relatively few reliable data are available  on economical 
losses caused by pig helminths . A general ly-held perception i s  
that losses are marginal and assoc iated with chronic infec­
tions . Thi s  may perhaps to some extent be correct seen on the 
background of the prevai llance of long- standing subclinical 
paras itism , although examples of acute and marked deleterious 
effects have been reported from scattered observations . 
Economical losses due to worm infections have been estimated 
in two ways , i . e .  e ither by comparing the performance of 
naturally infected animals in which the parasite is controlled 
with that of comparable animals in which no control i s  
attempted , o r  b y  comparing the performance o f  experimentally 
infected an uninfected animals .  The f irst approach is  hampered 
by the fact that naturally infected p igs often have h ighly 
variable and largely unknown burdens of several species of 
worms present at the same time , and furthermore the drug 
treated pigs often remain in the contaminated environment and 
thus get continuou s ly reinfected with unknown numbers of 
infec tive larvae . The second approach is  weakened by the 
diff iculty in choosing infection doses  and regimes ref lecting 
the natural s ituation in  the f ield . In  a recent large- scale 
experimental study ( Eriksen et al . ,  NKJ-rapport no . 5 9 , see 
above ) groups of pigs were trickle- inoculated with A . suum eggs 
at two different dose levels to s imulate long -term exposure 
over the period from weaning unti l  s laughtering as baconers . 
Only the low level exposed pigs showed a s l ight ,  yet statisti­
cally s ignif icant , growth depres s ion and increased feed 
utilization just enough to justify control investment , whereas 
the high level exposed pigs were stat i stically unaffected 
pos s ib ly due to h igher acquisition of immunity at an ear l ier 
stage . One important feature that has ari sen f rom recent 
experimental studie s  is  the apparent lack of positive correla­
t ions between parasite f i ndings at s l aughtering of pigs and 
production losses , e . g .  number of which spots in the l iver and 
adult A . suum burdens on the one s ide , and performance data on 
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the other . This  explains the misleading and conf licting 
results from a series of production trials made in the past . 
In  the future there is  a great need for performing compre­
hensive and well-planned product ion trials on the basis of the 
knowledge recently gained . Thereby herds in particular need 
for implementation of control can be better defined , and 
overuse or misuse of antiparas itic drugs avoided . One should 
also be aware of diseases and losses associated with superven­
ing microbial infections . The experimental provocation of 
bacterial lung lesions in A . suum infected pig and mice and the 
associations between this helminth and pleuritis in naturally 
infected pigs should stimulate further investigations . 

HOST RESPONSE 
The host response play an important role in regulating the 
paras ite population in terms of preventing establishment of 
pathogenic worm loads and in terms of lowering contamination 
of the environment with infective stages . In  other words , the 
host response is an integrated part of the over all epidemio­
logical pattern and is  of decisive importance for the success  
of control attempts . This  holds true not least  for ascarias is  
in the pig , which is  known to  be associated with a certain 
strong immune response . Recent experimental studies monitoring 
worm kinetics as influenced by a developing host response have 
shown that immunity may be more solid and develop earlier that 
hitherto believed . Even in relatively young pigs may acquisi­
tion of immunity lead to killing of l arvae already at  a 
prehepatic site . This  may explain , why numbers of hepatic 
white spots often diminish during the course of continuous , 
chronic exposure , and further , as discussed previously ,  why 
white spo�s and intestinal worm burdens at the time of 
slaughtering of pigs may be poor indicators of preceding 
exposure levels . Recent studies have also j ointed to the 
existence of a genetically determined variability in the 
ability to raise an effective immune response against A . suum , 
as reflected in a highly aggregated worm distribution with the 
majority of worms being harboured in a minority of the host 
population . However , with the subclinical nature of ascarias is 
it is  at present doubtful whether this phenomenon will  
stimulate genetical studies aiming at  selection for res is­
tance . 

PREVENTION 
The future prevention and control of helminthiasis  in the 
modern pig industry should be based on better ins ight into the 
parasitological status of the individual herd . With the close 
interrelations already established between extrinsic factors 
and paras ite prevalence and intens ity it should be pos sible on 
the basis of herd records and routine samplings to select the 
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proper implementation of additional control e . g .  in the form 
of strategical drug treatment s .  Or one might even reveal herd 
situations where treatments are not feasible at all . The 
anthelmintic solution promoted by drug manuf acturers or 
salesmen often appeals to the farmer becau s e  it demands little 
contemp lation and labour investment . However , used uncritical ­
ly there i s  a danger of overu s e , misu s e  and development of 
anthelmintic resi stance . Furthermore , as the global pig 
anthelmintic market is relatively sma l l  there is limited 
incentive for the pharmaceut ical companies to invest maj or 
research resource s  in this area ,  compared with the interests 
in ruminant anthelmintics . Actually , there have been some 
examples where e . g .  do se rates and recommendations for pig 
anthelmintics have been wrongly stated at marketing . Thi s  
calls for future c loser col laborations between researchers ,  
drug companies and agricultural advisor s . 

NEW CONCERNS 
During the last decade p ig production systems have been of 
growing concern to the producers as well as to non - agricultur­
al s ections of the population . I n  western countries in 
particular , there i s  increas ing public criticism from consum­
ers and f rom animal protection societies having growing 
political influence . For thes e  reasons pig production units 
des ignated ecological , 1 1 green11 or j u st extens ive are growing 
in numbers . This management may be characterized as a rever­
s ion to the traditional farming decades ago with outdoor 
rearing of animals and poorer hygiene . I nevitably , the impact 
of parasitism will increase and if drug use at the same time 
is excommunicated paras itologists will be confronted with 
interes ting diff icult but not nec e s s ar i ly insoluble , problems 
concerning the choice of correct prophylactic strategie s .  
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PARASITE VACCINES FOR HUMAN USE - PRESENT 
STATE OF THE ART 
Ro land Terry , 
Brune l  Univers ity , Uxbridge , U . K .  

Vaccinat i on against viral and bacter i a l  
d i seases has resu lted in several notabl e  
contribut ions t o  improved human hea lth . But 
a lthough we have a handful of vaccines against 
eukaryote paras ites of domesti c  animals , we have 
none in general use aga inst the paras ites of 
man . 

Severa l  factors are responsible for thi s  
unsat i s factory state of affairs : 
1 }  Proto z oan and he lminth paras ites most 
commonly occur in poor trop ical countr ies whi ch 
cannot a fford the true economic cost of 
vaccines . 
2 )  Eukaryote paras ites are ant igenica l ly much 
more comp lex than viruses and bacter i a . 
Ident i fying key immunogenic antigens is a 
formidable task . 
3 )  Many eukaryote paras ites have comp lex l i fe 
cycles with more than one host . They are very 
d i f f icult to grow in vitro . 

At least some o f  these problems are being 
overcome w ith the a i d  of mo lecu l ar genetics and 
pept ide synthe s i s . We are approach i ng a t ime 
when relat ively l arge amounts of immunogeni c  
paras ite ant igens become ava i lable a lthough 
they w i l l  be expens ive ! 

But a maj or problem rema ins : eukaryote 
paras ites have evo lved a number of devices wh i ch 
enable them to evade or circumvent host immune 
attack . Examp les are the extreme antigenic 
d ivers ity of African trypanosomes and the 
mo l ecular mimicry evolved by schistosomes . These 
mechan isms , wh ich cause immunocon fus ion i n  the 
host , wi l l  be d i s cussed and an attempt made to 
real i s t i c a l ly assess the prospects for effect ive 
vaccination of man against eukaryote parasites . 
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THE E P I DEMIOLOGY O F  TRY PANOS OMA THE I LERI ON A 
SWEDI SH DAI RY FARM AND EXPERIMENTAL INFECT I ON OF 
CALVES 

S et Bornste i n * , Per O l l e  N i l sson* * ,  Gray Mat ita 
Bl add * * *  and Jack Kam Vaz ina * * * *  
*The Nat i ona l Veter ina ry Inst itute , Uppsa la , 
Sweden , * * Swed ish U n ivers ity o f  Agr icultura l 
S c i ence s , Uppsa l a , * * * P . O . Box 3 0 2 2 7 , Chich i r i , 
B l a ntyre 3 ,  Ma l awi , * * * * Livonde add , P . O . Box 3 ,  
Li vonde , Ma l aw i  

O n  a d a i ry farm ,  o n  wh i ch a y e a r  prev i ou s l y  
Trypanosoma the i l eri was recovered both i n  the 
catt l e  and i n  2 spe c i e s  of Tabanids , 1 6  d a i ry 
cows , 5 hei fers and 1 8  ca lves were s c reened for 
trypanosome in fections . Al l the cows , 3 h e i fers 
and none o f  the 1 8  ca lves were found i n fected 
w i th trypanos omes dur ing the indoor s e a son . 
Para s i  tem i a s  were minute . No trypano somes were 
found i n  thin or th i ck sta ined smears nor i n  the 
bu f fy coat l ayer u s i ng the m i c rohaemato crit cen­
t r i fugat ion techn i que . Trypanosomes were only 
recovered f rom NNN cul tures i n  wh ich 1 m l  o f  
b l ood was inocul ated and wh ich was i ncub ated at 
2 7 °C for 5 - 1 0  days . I n  mid June 17 o f  the 1 8  
ca lves aged 1 - 3  months were t rans fered out to 
p a sture for the i r  f i rst t ime . Three weeks l ater 
6 out of the 17 ca lves ( 3 5 . 3 % )  were found i n fec­
ted w i th trypanosome s .  Two weeks l ater 1 2  ca lves 
( 7 0 . 6 % )  and a fter a further two weeks a l l  the 17 
ca lves ( 1 0 0 % )  were found in fected . No 
tryp anosomes were detected in the b l ood from the 
control cal f ,  wh i ch had rema ined indoors . Two o f  
four un in fected ca lves born t o  cows , wh ich were 
shown to be Trypanosome i n fected , were inj e cted 
subcutaneous l y  a t  two weeks of age w ith 8 .  o o o  
trypanosomes f rom a three-day-old culture . The 
c a lves were b l ed every second day for trypano­
s omes the f i rst 14 day s , therea fter once a week 
during 10 weeks u s i ng the above ment i oned 
methods . No trypanosome s were i s o l ated desp ite 
stress ing the c a lves for 10 days between the 
seventh and e i ght weeks post inoculat ion w i th 
Dexametha sone 5 ml ( 1  mg ml - 1 ) im per day . When 
inocu l at i ng the s ame calves 4 weeks l ater w i th 
5 0 . 0 0 0  trypanosmes o f  5 days NNN-cu l tures , 
trypanosome s were iso l ated from both the inocu­
l ated ca lves 2 weeks l ater . 
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THE PROBLEM OF MECHANI CALLY TRANSMITTED 
TRY PANOSOMES 

M . F .  D i r i e  and P . R . Gard iner 
I LRAD , P . O .  Box 3 0 7 0 9 ,  Na i rob i , Kenya 

T rypano som i a s i s  is one o f  the maj o r  constr a i nts 
on l ivestock devel opment in many parts o f  the 
worl d .  In Africa , though the p os s ib l e  occurence 
of mechan ical -transm i s s ion can not be ru l ed out , 
most o f  the s a l ivarian trypanosomes p athogen i c  
f o r  l ivestock a r e  transmi tted by t s etse f l i e s , 
i n  wh i ch they undergo cyc l i c a l  devel opment . But 
some t rypano somes have adapted to mechan i c a l ­
transmi ss ion b y  b it t i ng f l i e s  other than t s etse . 
The mechan i c a l l y - transm i tted t rypanosomes i n ­
c l ude T .  CT . )  evans i ,  T .  CT . )  egu iperdum and 
T .  ( D . ) v ivax v i enne i . I t  i s  w i de l y  be l i eved that 
the se trypanosomes orig inated f rom the tsetse 
t ransmi tted paras it es of trop i c a l  Africa . 

Thi s  adoption o f  mechan i c a l -transm i s s ion , has 
a l l owed these trypano somes to g a i n  w ide geogra­
phical d i s t ri but i on spreading out s ide the 
confined area o f  cont inent a l  Afr ica and h a s  
i ncreased the i r  range o f  mamma l ian hosts . 
Despite the i r  economic s igni f icance , research on 
these paras ites has been rel a t iv e l y  neg l ected . 
The present paper h ighl i ghts the econom i c  l o s s e s  
i n  l i vestock p roduc t i on i n  area s endem i c  for the 
d iseases caused by these t rypanos ome s . The need 
t o  understand the degree of genotyp i c  a nd part i ­
cu l a r l y  antigen i c  d ivers ity amongst paras ites 
c i rcu l at ing i n  the endemic areas i s  stre s s ed . 
Factors a f fect i ng the pathogen ic ity o f  the 
d i seases , the use of modern techn i ques to im­
prove d i agnost ic and the poss ible control 
me thods to curb the spread of these d i seases a re 
d i scussed 
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MALARIA IN GOTHENBURG 1985-9 0 

Johan Lindberg ,  Department o f  I nfectious Diseases , 
Univers ity o f  Gothenburg , Goteborg , Sweden 

E i ghty-nine c a s e s  o f  ma laria were diagnosed during 
the period . The annual inc idence increased from 8 
c a s e s  1 9 8 5  to 3 1  c a s e s  1 9 9 0  . .  Plasmodium f alc iparum 
c aused 5 0  o f  these . Af ric a  was the predominant 
s ource o f  infection and more than 5 0 %  of the 
pat ients were e ither recent ly arrived re fugees or 
emigrants returning to mal arious regions a fter a 
long s tay in Sweden . The mean-t ime o f  expo sure was 
2 months in Africa compared to 4 months in South 
E a s t  As ia . The patients with f alc iparum malaria f e l l  
i l l  o n  average 1 0 . 3  days after leaving the mal arious 
region compared to more than 1 0 0  days for pat ients 
with vivax malaria . Six pat ients were severe ly i l l  
( by P lasmodium falc iparum ) but a l l  survived . 
Paras ite count s for 6 2  patients varied from 
1 0 0 /micro liter to 5 0 0 . 0 0 0 /microl iter with no 
s igni f ic ant d i f ference between the spec ies . A high 
paras ite count was as soc iated with longer duration 
of fever and lower p l atelet c ounts . Patients pre sumed 
to have c hloroquine re s i s tant malaria were treated 
with e ither quinine ( with or without Fans idar ) or 
me f loquine . A compari s on in therapeut ic respons e 
did not s how any s igni ficant d i f ferenc e between the 
two treatments conc erning time to de fervecenc e or 
c learing of paras ites . Rec rudecence occurred in one 
patients with quinine -treated falc iparum malaria and 
in three pat ients with Pl . vivax . Ma laria drugs for 
prophylaxis according to Swedish rec ommendat ions had 
b een adequately t aken by only 2 6 / 8 1  patients . 
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FIRST DOCUMENTED CASE OF HUMAN BABESIOSIS IN 
SWEDEN 
Ingrid Uhnoo * ,  O tto Cars * ,  Dan Christensson* * and Christina 
Nystrom-Rosander* 
* Dept of Infectious Diseases, University Hospital , Uppsala, * *  Dept of 
Parasitology, Swedish University of Agricultural Sciencies College of 
Veterinary Medicine, Uppsala, Sweden 

Babesiosis i s  a tick-borne protozoan disease o f  several wild and 
domestic animals. It is manifested by hemolytic anemia and the 
prescence of the parasi tes in host erythrocytes. The species B ab esia 
divergen s  of bovine origin, has occasiona l l y  been reported t o  cause 
disease in humans, w i th a severe and o ften fatal ou tcome in 
splenectomized individuals. Several treatment regimens have been tried, 
but with limited success. Recent reports of a favourable response to 
blood exchange transfusions and a combination of quinine-clindamycin 
have been most promising. 
Case report.  A 34-year old man, who had undergone splenectomy 
five years earlier due to traumatic injury, presented with a 2-day history 

of fever 400C, myalgia, malaise, dysuria and dark urine. On admission 
the patient was alert. Laboratory findings included Hb 1 42 gil, platelets 

2 1 0  x 1 09/1 and creatinine 1 30 umoVI. The foll owing day the patient 
rapidly deteriorated with anuria (creatinine 568), hemolytic anemia (Hb 
9 6),  trombocytopenia (platelets 73)  and massive fibrinolysis and was 
transferred to the intensive care unit. Peripheral blood smear revealed 
intraerythrocyti c  parasites consistent with B. divergens in 40% of the 
erythroc�es. D iagnosis was confi rmed by gerbil inoculation and by 
significant increase in B. divergens ant ibodies. The patient underwent 
exchange trans fu sions and his parasitemia was reduced to 1 % .  
Immediate iv therapy was instituted with 600 mg quinine and 600 mg 
cl indamycin every 1 2  hours. After 1 0  days parasites were no longer 
seen on smears. The patient received quinine for 1 1  days and 
clindamycin for 20 days. On this regimen symptoms slowly improved .  
Because o f  renal failure he had t o  be dialyzed for 4 weeks. At follow-up 
he was recovered and his blood tests had returned to normal. 
C onclusion. Human babesios is a rare disease, but with a potential 
fatal outcome. B. divergens is widely distributed in cattle in the south of 
Sweden. Natural transmission occurs through the bite of an infected tick 
(Ixodes ricinius). This case report illustrates the successful treatment of 
a severe and life-threatening infection of Babesia in man. Babesiosis 
should be considered as a diagnostic alternative in splenectomized and 
other immunocompromised patients with severe infections. 
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CL I N I CAL MAN I FE STAT I ONS I N  HUMAN LYME BOR R E L I O S I S  

E v a  A s b r i n k , Depa rtment o f  De rmato l ogy , Ka rol i n s k a  
I n s t i t u t e , Sode r s j u k hu s et , Stock h o l m ,  Swed e n . 

Lyme b o r r e l i o s i s may a f fect d i f f e rent o r g a n s  a n d  t he 
c l i n i ca l  p i c t u re a n d  cou r s e  may be h i g h l y v a r i a b l e .  

EARLY LYME BOR R E L I OS I S  
E rythema mi g ra n s  ( EM ) , t he cutaneou s h a l l ma r k , s t a r t s  at 
t he s i te of bo r re l i a l i nocu l at i on .  Typi c a l l y  i t  i s  a 
homogeneou s o r  a n nu l a r  e rythematou s l e s i on s p read i ng 
cen t r i fug a l l y .  
Borrel i a l  l ymphocytoma p r e s e n t s  a s  a b l u i s h- red nod u l e wi t h  
a d e n s e  po l yc l o n a l  l ymphocyt i c  i n f i l t rate . P red i l ect i on 
s i te s  a re t h e  e a r  l obes and t he b r ea s t . 
Mul t i p l e EM-l i ke l es i on s , appea r i ng a s  a r e su l t o f  
hematogenou s s p read , a re t he cuta neou s ma r k e r s  o f  
d i s s em i nated d i s e a s e . 
Neuroborrel i os i s may i nvol v e  both t he p e r i p h e r a l  and t h e  
cent ra l n e rvou s system . The t r i ad o f  a l ymp hocyt i c  
men i g i t i s ,  c r a n i a l  n e u r i t i s a nd r ad i cu l o n eu r i t i s i s  a 
typ i ca l featu re . 
Card i ac mani festat i ons s u ch a s  a t r i ovent r i c u l a r  condu c t i on 
d i s t ru bances a n d  ocu l a r  i nvol vement may a l so devel op . 
Lyme a rthri t i s c h a r a ct e r i s t i ca l l y  tend s to a f fect on l y  one 
or a few l a rge j o i n t s , mos t  commo n l y t h e  k n ee . 

LATE LYME BOR R E L I OS I S  
Acrodermati ti s chroni ca atrophi cans i s  a chron i c s k i n 
l e s i on g e n e r a l l y  p r e s ent on t h e  e x t remi t i e s . I t  s t a rt s wi t h  
a n  i n f l ammatory p h a s e  wi t h  b l u i s h- red d i s co l orat i on w h i c h  
yea r s  to d e c a d e s  l at e r  may be fol l owed b y  a n  a t ro p h i c  
p ha s e . 
Neurol ogi c ,  rheumati c or other organ mani festati ons may 
somet i me s  be c h ro n i c and pe r s i s t  or remi t fo r more t h a n  o n e  
yea r .  
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T I C K S  AND T I C K - BORNE I N F E C T I ONS I N  NORWAY 

Re i d a r  Mehl , 
N a t i o n a l  I n s t i t u t e  o f  Pu b l i c  He a l t h , Os l o , N o r w a y  

I n t roduct i o n . T h i s  r e v i ew i s  a c o m p i l a t i o n o f  
re s u l t s p u b l i s h ed by s ev e r a l  a u t h o r s . The m o s t  
i m p o r t a n t  w o r k s  were d o ne o n  t i c k s  a n d B a bes i a  o n  
c a t t l e  b y  H .  I a m b s L y c h e . a nd o n  t i c k s . 
a r bo v i r u s e s  a nd vec t o r  b o r n e  b a c t e r i a  by R .  M e h l , 
T .  T r a a v i k  a n d  c o w o r k e r s  a t  t h e  N a t i o n a l t  
I n s t i t u t e  o f  Pu b l i c  H e a l t h , t h e  U n i ver s i t y o f  
T r o m s 0 a n d  t h e  N o r weg i a n  D e f e n c e  M i c r o b i o l o g i c a l  
L a b o r a t o r y . 
Met h o d s . Ho s t  r e l a t i o n s a n d  g e o g r a f i c a l  
d i s t r i bu t i o n s  o f  t i c k s w e r e  i n ves t i g a t ed by 
c o l l e c t i o n of h o s t  a n i m a l s  a nd by f l a g g i n g . 
I s o l a t i o n s  o f  v i r u s e s  a nd b a c t e r i a  w a s  a t t e m p t e d  
f r om t i c k s a n d  h o s t  o r g a n s . S e r u m  f r o m b i r d s , w i l d  

a n d  d o mes t i c  a n i m a l s , a nd m a n  w e r e  e x a m i n e d  f o r  
a n t i b o d i e s  a g a i n s t  t h e s e  m i c r o o r g a n i s m s . 
R e s u l t s . E l ev e n  s pe c i e s  o f  t i c k s  a r e  r e c o rded i n  
N o r w a y : O n  b i r d s : I x o d e s  a r b o r i c o l a . I x o d e s  
c a l ed o n i c u s . I x od e s  f r o n t a l i s , I x o d e s  l i v i d u s , 
I x o d e s  u r i a e a n d  Hya l o m m a  m a rgi n a t u m , o n  m a mm a l s : 
I x o d e s  hex a g o nu s , I x o d e s  t r i a ngu l i c eps , 
R h ipi c eph a l u s  s a ngu i neu s , A rga s v e spe r t i l i o n i s , o n  
b i r d s . m a m m a l s  a nd r e p t i l e s : I x o d e s  r i c i n u� . 
M i c r o o r g a n i s m s  t r a n s m i ted by I x od e s  r i c i n u s  i n  
N o r w a y : T i c k - bo r ne e n c e p h a l i t i s  v i r u s  ( T B E ) 
( l o u p i n g  i l l  v i r u s  ? )  , Kem e r o vo - g r o u p  v i r u s  a n d  

U u k u n i e m i  g r o u p  v i r u s , E r l i c h i a  ph a g o cvtoph i l a , 
Bor r e l i a  b u rgd o r f e r i , F r a n c i s e l l a  t u l a r e n s i s , 
B a bes i a  d i verge n s , B a b e s i a  m i c r o t i  a nd 
Trypa n o s o m a . M i c r o o r g a n i s m s  t r a n s m i t t ed by t h e  
s e a b i rd t i c k  I x od e s  u r i a e : U u k u n i em i  a nd K eme r o v o  
g r o u p  v i r u s e s , T y u l e n i y  v i r u s  o f  8 g r o u p , 
o r b i v i r u s - l i k e  v i r u s  a n d  R u n d e - v i r u s  C c o r o n a v i r u s  
l i k e ) . 
Conc l u s i on . E r l i c h i a  a nd B a be s i a  c a u s e  s e r i o u s  
d i s e a s es i n  s he e p  a n d  c �t t l e  i n  t h e  r a n g e  o f  
I . r i c i n u s . B o r r e l i a  c a u s e s  a num b r e  o f  c a s e s  o f  
d i s e a s e  i n  m a n  e a c h  y e a r . A n t i bod i e s  a ga i n s t  
a r b o v i r u s e s  a r e w i d e s p r ed i n  m a n  a nd a n i m a l s , bu t 
i t  a pp e a r s  t h a t  t h e  T B E  v i r u s  s e l dom c a u s e s  
c l i n i c a l  m a n i f e s t a t i o n s  i n  m a n  a nd c a t t l e . 
Tyu l e n i y  v i ru s  c a n  p r o d u c e  p a t h o ge n i c  c a nd i t i o n s  
i n  s e a b i r d s . T i c k s  h a ve v e r y  l i t t l e  i m p o r t a n c e  a s  
vec t o r s  f o r  t u l a r em i a  i n  N o r w a y . 
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THE EPI DEMIOLOGY OF LYME BORRELIOS I S  I N  DENMARK 

F l emm ing Frandsen , Jose Bre s c i an i , Pia Web ster 
and Hanna Hansen 
The Royal Vet . and Agr i cu l t . Univ . , Inst . o f  
Ecol . and Mo l ecul . B i o l . , Z oo l . S ec . , 
Bul owsv . 1 3 , DK- 1 8 7 0  Fredr i ksberg c ,  Denmark 

Obj ective . To determine 1 ) the preva l ence o f  
Borre l i a  burgdorferi in I xodes r i c i nus and other 
spe c i e s  of I xodes , 2 ) the preval ence o f  B .  burg­
dorfer i in w i l d  mamma l s  ( rodents 1 fox 1 deers ) , 
3 ) th e  popu l at i on dynam i c  o f  the rodent reservo i r  
and the t i cks and 4 )  the s ea s onal variation i n  
preva l ence o f  Lyme Borre l i o s i s  in the mamma l i an 
rese rvo i r . 
Methods . I .  r i c inus were c o l l ected by b l anket 
dragg ing in one l oc a l ity i n  Northern Z ee l and , 
d i s sected and exami ned for sp i rochetes . The 
mamma l i an hosts were exami ned for Lyme Borre l i o ­
s i s  by immuno fluorescence . The rodents 
Apodemus f l av i c o l l i s and C l ethr ionomys gl areo lus 
- were caught w i th Uggl a-traps arranged in qua ­
drant measur ing 1 0 x 1 0  meters and inspected i n  
t h e  e a r l y  morn ing . Al l mice were examined f o r  
t i cks a n d  b l ood samp l es were c o l l ected . T i cks a s  
we l l  as bl ood samples have a l s o  been co l l ected 
f rom Dama dama and Capreolus capreolus i n  the 
hunt i ng season autumn and a l s o  May-June for the 
bucks only . 
Resul ts . The proj ect i s  running from 1 9 9 0 - 1 9 9 2  
and the prel iminary resu l t s  ind icate a spiro­
chete infection rate in adult t icks up to 2 5  % 
i n  the autumn , and a l e s s er rate i n  nymphs .  The 
s erod iagno s i s  for A .  f l av icol l i s ( n= 3 6 )  and 
c .  gl areolus ( n= 1 1 3 ) demonstrated i n  autumn 
average percentages on 3 0 . 6  and 1 0 . 6 ,  respec­
t ive l y . S i nce the popu l at i on of the sma l l  
rodents were dominated b y  the new generat ion the 
f igures are min imum . The infect ion rates 
c a l u l ated on adu lts and young ones were 1 6 . 2  and 
7 . 9 1  respect ive l y  for c .  gl areo lus . A sero­
d i agnoses carried out on b l ood samp l es from 2 4  
D .  dama and 1 6  c .  capreolus demonstrated pre­
val ence about 5 0 . 
conclusion . Sma l l  rodents and dears appear t o  b e  
important hosts f o r  B .  burgdorferi with I .  r i c i ­
nus a s  the vector . The transm i s s ion seasons seem 
t o  be in Apr i l -June and S eptember-Octob e r . 

35 



THE DANGER AREAS OF T I CK-BORNE ENCEPHAL I T I S  I N  
ESTON IA 

Al e k s a nd e r P o t o t s k i , Vi t a l i Pool 

San i t a r y  Epi demi o l og i c a l  S t a t i o n , Ta l l i n n , E s t o n i a  

Ob j e c t i v e . De t e rm i na t i o n  o f  d a ng e r  a r ea s  o f  t i c k ­
b o r ne e n c epha l i t i s  ( TBE ) i n  E s t on i a , t he i r  e p i d e ­
m i ol o g i c a l  cha r a c t e r i s a t i o n . 
Me thod s . The c i r c ums t a n c e s  o f  t h e  i n f e c t i o n  o f  7 5 5  
c a s e s  o f  TBE o c cu r r ed i n  E s t o n i a  i n  1 9 5 0 - 1 9 9 0  h a v e  
b e e n  s t ud i ed . 
Re s u l t s . E i g h t  dan g e r  a r ea s  have b e e n  r e vea l e d  
wh i ch a ccount f o r  a b o u t  2 0 %  o f  t h e  t e r r i t o r y  o f  
t he E s t o n i a n  ma i n l a nd a n d  a lmo s t  9 3 %  o f  t h e  r e g i s ­
t e r ed c a s e s  o f  TBE . The dang e r  a r ea s  d i f f e r  on t h e  
s e a s o n  o f  t i c k  a t t a ck s , t h e  a g e  a n d  s e x  o f  t h e  
pat i e n t s , the r ea s o n s  o f  v i s i t i ng t h e  dang e r  a r ea . 

The dang e r  
a r ea 

o f  TBE 

l . No r t he r n  
coa s t  

2 . Va r b l a  
3 . Pa r nu 

4 . Ku r t na 

5 . Ta r va s t u  
6 . Ka a g j a r ve 
7 . Ja r v s e l j a  
8 . Ta r tu 

% o f  Dom i na t i ng 
c a s e s  t i ck 
o f  TEE spec i e s  

9 , 3  

2 , 9  
3 2 , 5  

7 , 1  

3 , 6  
3 , 2  

1 3 , 5  
2 7 , 9  

I . r i c i n u s  

I . r i c i nu s  
Both 

equa l l y  
I . p e r s u l ­

c a t u s  
mos t l y  

II  II  
" tl 
I I  I I  

The s ea s o n  o f  
t i ck a t t a ck s , 

max imum 

1 s t  t e n-days p e ­
r i od ( t dp ) A u g  

1 s t  t dp Aug 
2 nd t dp May a n d  

3 d  t dp Aug 
1 s t  and 2 nd tdp 

June 
3d t dp May 
3d t dp May 

2 nd t dp May 
2 nd t dp May 

Conclu s i o n . E i g h t  epi demi o l o g i ca l l y  d i f f e r e n t  d a n ­
g e r  a r ea s  o f  T B E  have b e e n  e s t a b l i shed i n  E s t o n i a . 
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S PE C I ES I D ENTITY AND M ORPH OLOGY OF BOVINE DEM ODECTIC M ITES 
IN F I N LAND 

Lau ra Kulkas* and Hans-Peter Fagerholm** 
* Dep. of Animal Hygiene, College of Veterinary Medici ne, Helsinki, ** Institute of 
Parasitology, Abo Akademi, Turku, and National Veterinary Institute, Helsinki ,  
Finland. 

Species of the gen u s  Demodex are common parasites of the skin of many animals, 
i ncluding man. Their extremely small size and marked m orphological similarity 
makes species identification difficult. Alth ough some reports have been presented 
on the occurence of bovine demodectic m ites in Finland, further studies were needed. 
The sla ughter h ou ses and tanneries have estimated their losses to be as h igh as  30 
mil l ion FMK:s per yea r(1988), due to the damaged h ides. An investigation started 
i n  1989 with the long-term objective to reduce this problem. The immediate objecti­
ves were to i dentify the species' of demo dectic mites fou n d  i n  cattle i n  Finland a n d  
to d e fi n e  the m orphological features of t h e  mites, u s i n g  b o t h  scanning electron 
m icroscopy (SEM) a n d  light m i croscopy (LM) in combination with image analyzing 
equipment. 

Samples (n = 503) were obtained fro m  different parts of the country during one 
year. Most  of the samples were stored i n  formalin, but s ome fresh m aterial  was also 
included. M ites were s tored i n  70% alcohol unti l  prepared for SEM or Ll\1 and 
image a nalys is.  M orphologically identifiable demodectic mites were found in 69 o u t  
of 503 cysts sampled. One female from each cyst and t h e  8 males that were found, 
were identified. I n  a ddition two cysts were selected, one from the northern and one 
from the southern part of the coun try. 30 females from both of these cysts were 
measured a n d  analyzed. 

All the mites conform to Demodex bovi�, which thus was the only parasite species 
encoun tered in the material .  They were morph ologically compared with Demodex 
canis.  

Because o f  their potential taxonomic signi ficance, a detailed morphometric 
analysis  was made of the head structures (gnathosoma) of D. bovis (see Fig. 1). It 
is suggested that this information can be used in fu rther stu d ies i n  difl'erentiating 
species' ol'  the genus.  

Fig.  1 .  D. bovis. Morphological features o f' the head. M easurements, in J-Lm, 
based on LM drawings (average and S O) .  (Total length of females: 203-271 J-Lm.) 

• N-Finland 
n = 30 

A-E 33,6 (2,1) 
A-D 25,2 (1 ,5) 
A-C2 9,1 (1 ,5) 
R-C2 5,3 (2,0) 
A-R 3,6 (0,1) 
F- L 23,0 (3,4) 
F-J 9,6 (0,9) 
G-H 6,4 (0,!!) 
R-C1 4,X (0,2) 
L-N 7,2 ( 1 ,6) 

S-Finlan d 
n = 30 

34,0 (3,9) 
24,8 (3,1) 
12,3 (2,5) 

5,3 (0,6) 
6,6 (1,2) 

24,8 (2,1)  
8 ,5  (0,8) 
7,1 (0,5) 
4,1 (0,4) 
6,3 (3,1) 

Cl:crnss i n g  point o r  l ine rrom B lo l ine 
LN. C2:caudnl pninl o r  bny l ike slrudure 
i n  I he m iddle or h�ad. 

L 

F 

A 
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B 

o S U BGNA.l HOSOMAL SE TAE Q S U P RACOXAL S P I N E S 
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CONSEQUENCES OF ARTHROPOD PARASITES FOR 
SEXUAL SELECTION IN BIRDS 

Gunvor Brinck-Lindroth*, Torsten Gunnarsson** and Lars 
Lundqvist* 
*Lund University, Division of Systematic Zoology, Lund. 
* *Lund University, Department of Animal Ecology, Ecology 

Building,  Lund, Sweden. 

Objective. The hypothesis by Hamilton and Zuk ( 1982) that elaborate 
secondary sexual characters may have evolved in vertebrates as a signal 
of health and thus resistance to parasites, has led to extensive research 
efforts and debate in evolutionary ecology. In this discussion the term 
'parasites ' has often been used indiscriminately, disregarding differences 
in biology of each taxa and consequences of these for the host. The 
objective of this investigation is to point out that species diversity and 
natural history should be of great concern in parasitological surveys. 

Methods. Nests of starlings, Sturnus vulgaris, from South Sweden were 
put in separate small plastic bags a few days after the nestlings had left 
the nestbox. Each little bag, still open, was put in a large one, which was 
closed by tying a perspex tube sealed by a finemeshed net to the opening. 
The bags were left at room temperature for a week, and the outer bags 
were inspected for flies, fleas, and mites daily. The nests were then put in 
Berlese funnels, in order to extract remaining arthropods. 

Results. Three parasitic species of three different orders were found in 
the nests, i e Diptera: Carnus hemapterus, Siphonaptera: Ceratophyllus 
gallinae, and Mesostigmata: Dermanyssus gallinae. The only species 
among the mesostigmatic mites who was demonstrated to be a predator 
was Macrocheles penicilliger. Two other mesostigmatic mite species, 
probably scavenger feeders, were Hypoaspis sp� and Proctolaelaps 
pygmaeus. 
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E F F ECTS O F  AFRICAN DUNG B E ETLES ON SP LASH D I S P E RSAL O F  
I N F ECTIVE L A R V A E  O F  Cooperia s p . 

J 0rn G r0 n v old : R o y a l  Vet erinary a n d  Agricultural Universi­
t y , C o p e n h a g e n . 

Obj ective . To e v a l u at e  t h e  effe ct of d u n g - b urying beetles 
o n  d i s p er s a l  of infect i v e  larv a e  of t h e  catt le p a r a s it e  
Coop eria s p . from c o w  p a t s  t o  t h e  s urro u n d i n g s . 
Methods . T h e  e x p eriment was performed in Zimba bwe in Afri­
c a . From a c arefully m i x e d  lot of cattle faeces cont a in i n g  
Cooper i a  s p . e g g s , 1 - k g  port i o n s  of f a e c e s  were p l a c e d  in 
6 small b u c k et s  ( u p p er d i am : 2 3  em ; lower diam : 19 em ; 
height : 2 5  e m )  cont a in i ng 6 kg of s o i l  e a c h . The fa e c a l  
port i o n s  were s h a p e d  a s  c o w  p at s  ( d iam : 2 0  em ; h e i g ht at 
c e ntre 3 em) , which covered t h e  e nt ire s o i l  s urfa ce . Te n  
d u n g  b e et l e s , D i a s t e l l o p a l p u s  q u i n q u e d e n s , were a d d e d t o  
e a c h  of t hr e e  b u c kets . T h e  ot h er t hre e b u c kets were c o n ­
trols w it h out beetles . The b u c k e t s  w e r e  k e pt in t h e  l a ­
boratory at a p p rox imately 24

°
C ,  a n d  t h e  cow pats were wa ­

tered artific i a l l y  with b etwe e n  2 o  a n d  8 0  m l  at daily i n ­
t e r v a l s  t o  k e e p  optimal c o n d itio n s  f o r  l a rv a l  d e v elop ment . 
When it wa s r a i n i n g  t h e  cow p a t s , still in t h e  small b u c­
kets , were p l a c e d  in the c e ntre of wider and h i g h er b i g  
b u c k e t s  ( d iam : 3 2  em ; h e ight : 3 8  em)  a n d  p l a c e d  o ut d oors . 
I n fect i v e  p a r a s ite l a r v a e  spre a d  wit h s p l a s h  droplets d u ­
r i n g  t h e  r a i n , were collect e d  in t h e  big b u c kets a n d  c o u n ­
t e d . 
Results . D uring t h e  e x perimental p eriod of 33 d a y s , more 
t h a n  h a lf of t h e  f a e c e s  d i s a p p e ared i n  t h e  b u c kets with 
beetles compared with t h e  c o ntrols with o ut beetle s . T h e  
d u n g - b urying a ct i v it y  of t h e  b e e t l e s  did n ot r e s ult i n  a n  
incre a s e d  number of i n fe ctive l a rv a e  i n  t h e  soil u n d e r  t h e  
c o w  p at s , w h i c h  i n d i c at e  t hat many of t h e  p ar a s it e s  in 
b uried fa e ce s  were d e stroy e d . More o v er , t h e  a ct i v ity o f  
d u n g  b e et l e s  i n  c o w  p a t s  res ult e d  in a 7 o% t o  9 0% r e d u c ­
t i o n  in s p a s h  d i s p e r s a l  of i n fe ct i v e  l ar�ae o f  C o o p eria 
s p . 
Conclusion . It m u st b e  e x p e ct e d , t h a t  d u n g  beetles h a v e  
a s i g n ific a nt r e d u ci n g  infl u e n c e  o n  t h e  s urviv a l  a n d  t r a n s ­
mission of infect i v e  Cooperia s p . l a r v a e  a n d  related p a ­
r a s it e s  in Africa . 
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DEGRADATION OF DUNG AFTER TREATMENT OF CATTLE 
WITH IVOMEC 

Dietrich Barth*, Roland Schaper** 
* MSD Research Laboratories, Lauterbach 
**Tierarztliche Hochschule, Hannover 

Objective: To clarify whether ivermectin residues in the faeces of 
cattle treated with IVOMECS' have an impact on the native fauna in 
the dungpat and/or the rate of faecal degradation under typical 
central European conditions. 

Methods: Four trials were conducted in north Germany by the 
Veterinary College of Hannover and in south Germany by MSD, 
Rosenheim. Degradation of dung pats from untreated cattle 
(Hannover) or from cattle treated with levamisole (Rosenheim) was 
compared with degradation of pats produced by cattle after injection 
with ivermectin subcutaneously at 0.2 mg/kg bodyweight. The rate 
of degradation was calculated by measuring the size of pats and by 
analyzing the content of organic substances at regular intervals. 
The activity of dung fauna was evaluated in a second series of dung 
pats, deposited at the same time. At intervals up to 63 days, one 
eighth of each of these dung pats was taken and the arthropods 
and nematodes present were recovered, identified and counted. 
Results: The rate of dung degradation was similar for pats from 
ivermectin treated and control animals at both sites. The variety of 
beetle species recovered was similar for both locations and consisted 
of 66 species in Hannover and 68 species in Rosenheim. Treatment 
with IVOMEC® (ivermectin) had no effect on adult or immature 
beetle populations nor on earthworms, although the development of 
some diptera and of dung nematodes was influenced in pats up to 
approximately 3 weeks after treatment. 
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THE IMPACT ON DUNG FAUNA OF FECAL IVERMECTIN RESIDUES 
EXCRETED AFTER SUBCUTANEOUS INJECTION OR POUR-ON 
TREATMENT OF HEIFERS . 

Chr . Sommer - , Boy Overgaard Nielsen- - , Peter Holter * and 
Peter Nansen * * * . 
* copenhagen University , * *Arhus Univers ity , * * *Royal 
Veterinary & Agricultural Univers ity , Denmark . 

Obj ective . To estimate toxic effects of fecal ivermectin 
residues on cow dung fauna i . e .  Aphodius dung beetles and 
Diptera Nematocera and Cyclorrapha . 
Methods . Heifers were given 0 . 5  mg kg- l bw by pour-on , 
0 .  2 mg kg- l bw by subcutaneous inj ection or remained 
untreated ,  and dung was collected from the animals at 
various days after treatment . Experimental pats made of 
the dung were exposed up to 45 days in an ungrazed field 
plot . Insects from the pats and underlying turfs were 
counted , and a general linear model was used for separate 
comparison of insect numbers from pour-on or s . c . inj ect . 
pats with insect numbers from control pats for each " day 
after treatment " .  The qualitative effect of treatment or 
no treatment and the first and second order quantitative 
effects of days of field exposure were included in the 
mode l . The experiment was performed in late summer . 
Results . The i vermectin excreted in dung voided up to 
1 3 - 1 4  days after pour-on treatment and up to 2 8 - 2 9  days 
after s . c .  inj ect . treatment s ignificantly reduced the 
number of dung pat inhab iting Cyclorrhapha .  Development 
of Aphodius spp . larvae was inhibited in pats made of 
dung collected 1 - 2  days after both treatments , but no 
effect was seen in pats made of dung collected at later 
dates after treatment . Nematocera larvae were unaffected .  
Conclusion . Treatment by the 2 . 5  t imes higher pour-on 
dos e  did not result in excretion of toxic dung for a 
prolonged period compared to treatment by s .  c .  inj ect ion . 
This agrees with measurements of lower ivermectin 
concentrations in pour-on dung than i n  s . c .  inj ect . dung , 
when both dung types were voided one week or later after 
treatment s . 
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THE PROGRAM TO ERADI CATE THE NEW WORLD 
S CREWWORM , COCHLI OMYA HOMINIVORAX FROM NORTH 
AFRI CA US I NG THE STERI LE INSECT TECHNI QUE : A 
STATUS RE PORT 

Jan Chi r i co * , Kha l i fa Mughadm i * , Lennart 
S j ol and* , Raqu e l  Courta i s * *  and Tom R .  Ashl ey * *  

* S crewworm Emergency Center for North 
A f r i ca/ F i e l d  Program , Tripol i ,  Libya 
* *Me x i c an-Amer i can Comm i s s ion for the 
E radicat i on of S crewworm , Tuxt l a  Gut i e rre z ,  
Mex ico 

The New Wor l d  S c rewwo rm , Coch l i omyi a 
homin ivorax , l S  the most destructive l ivestock 
insect pest i n  Lat in America . The l a rvae are 
obl igate paras ites that causes pr imary my i a s i s  
in preex i s t i ng wound o n  mamma l s , i ncluding 
humans . Succe s s fu l  erad icat ion o f  the New World 
S crewworm ( NWS ) f rom the S outhern USA and Mexico 
has been accompl i shed us i ng the S te r i l e  I nsect 
Techn i que ( S I T )  . SIT involves releases o f  l a rge 
numbers of ma s s - rea red rad iat i on-ster i l i z ed 
f l i e s  to compete with the w i l d  f l i e s  for mates . 
W i l d  f ema l e s  mated with ster i l e  ma l e s  f a i l  to 
produce o f fspr ing . I n  1 9 8 8  NWS - i n fested an ima l s  
were d i s c overed i n  Libya . I n  1 9 9 0  more than 
1 2 0 0 0  NWS i n fested an ima l s  were reported . Th i s  
w a s  t h e  f i rst record o f  an estab l i shed NWS 
popu l a t i o n  out s ide the Ame r i cas . I f  this pest 
spreads throughout Africa it wou l d  pose an 
enormous threat to l ivestock and w i l d  anima l s . 
Responding to this threat , FAO estab l i shed a 
program to erad icate the NWS f rom the 2 5 0 0 0  sq 
km infested z one . S ince December 1 9 9 0  ste r i l e  
pupae have been sh ipped b y  a i r  from the 
production p l ant in Mex i c o  to T r ip o l i .  
D i spers ion over the ent ire i n fested area started 
in early February 1 9 9 1 . Th i s  was extended to a 
4 0 . 0 0 0  s q  km in May to i ndlude a protect ive 
barrier with re l eases of 4 0  m i l l ion f l i e s  per 
week . Qual ity tests measur i ng emergence , 
l ongev ity , f l ight ab i l ity and other parameters 
are conducted in Mex ico and Libya t o  detect any 
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qua l ity change . Additional tests have been 
devel oped in Libya to assure that optimum fly 
qua l ity rema ins after holding pupae/ fl ies in 
d i f ferent temperature regimens which i s  requ i red 
to control emergency for the weekly 4 dispers i o n  
days . The success o f  SIT i s  dependent on qual ity 
of the released f l ies . Thus qual ity control 
tests are essent ial i n SIT program . As of 1 
August 1 9 9 1 ,  only 6 cases on NWS my ias i s  have 
been detected dur i ng 19 9 1 . I nterpretation of the 
field data are strong evidence that releases o f  
good qua l ity ster i l e  fl ies , once aga i n , 
success ful ly erad icated C .  hominivorax . 
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ARE HOSTS ADAPfED TO THE LOCAL POPULATION OF PARASITES? 

Reij a Dufva 
Dept. of Zoology, Uppsala University, Uppsala, Sweden 

O bj e c t i v e .  As parasites are c apable o f  rapid evolutionary 
change, they can trace local conditions .  As a result, individual 
spec ies m ay have very different characteristi c s  i n  separate 
localities .  To answer the question if parasites from a foreign 
population h ave greater negative effect on a host, compared with 
a local ly occuring p arasite population, a study w as performed 
outside Uppsala. A nest box breeding population of great tits 
(Parus major) was used together with fleas (Ce r a top hyl lus  
gal l inae)  collected from Uppsala and from the isle o f  Gotland, 
situated about 300 km from Uppsala. 
M e t h o d s .  When the egglaying period of the great tits had 
started, nest-boxes were randomly divided i nto three groups: 1 .  
addition of 1 00 fleas from Uppsala 2. addition of 100 fleas from 
Gotland 3 .  spraying with an insecticide to remove all fleas. 
During the breeding period the length of incub ation and of the 
nestling period were noted. When_ the nestlings were 13 day s old, 
their wei ght, tarsus length and wing length were m easured. 
After the nestlings had left the nest,  the rem aining nest material 
was collected and the amount of fleas in them was counted. 
Res u l t s .  The foreign fleas affected the nestlings more severely 
than the local ones in all of the measured parameters. 
Furthermore, the foreign fleas had survived better or multiplied 
more quickly than the local fleas. 
C o n c l u s i o n .  The foreign fleas can exploit the host better, since 
the host does not have as good defence against foreign genotypes 
of parasites as for local genotypes. As the host has an inherited 
resistance to the local flea population but not to the foreign ones , 
the ne stlings have to develop immunological factors . Investment 
in an effective immune system is costly and divert resources 
away from other metabolic demands, which shows up in the 
smaller size of the nestlings in group 2.  
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S ERODIAGNOS I S  OF SARCOPT I C  MANGE I N  DOGS 

Goran Z akri s son and S et Bornstein 
National Veterinary I nst itute ( SVA ) , Uppsa l a , 
sweden 

Humor a l  ant ibodies d irected aga inst S arcopte s  
scab i e i  v a r  vulpi s were studied i n  an exper imen­
t a l  i n fection o f  dogs . Pos i t ive E L I SA OD-values 
were s e en 2 - 3  weeks after infect i on . S era f rom 
dogs i n fested w ith other ectoparas ites as 
Ctenopha l ides cati and c .  can i s , T r i chodectes 
can i s , Linognatus s etosus , Otodectes cyn ot i s  a nd 
Demodex sp d i d  not show any react ion against the 
S arcopte s  scab i e i  ant igen . 

S erum- samp l e s  o f  6 3 4  dogs , tested at the Dept . 
o f  C l i ni c a l  Chemi stry , S LU ,  Upp s a l a  f o r  various 
reasons , were tested for ant ibod ies against 
S .  scabie i . These sera s e rved as a representa­
t ive samp l e  f rom the swed ish dog popu l at i o n . 
Three p ercent o f  thes e  showed p o s i t ive 00-
values . 

I n  a s ep arate study focused on dogs with suspec­
ted s a rc opt i c  mange 7 0 9 §era were tested . Forty 
p ercent of the s e  s era showed p o s i t ive 00-va lues . 

S era from dogs a l l  over Sweden sent for routine 
test ing o f  ant ibod i e s  to s .  scab i e i  showed pos i ­
t ive 0 0-va lues in approximate l y  2 0 % .  

I n  a l l  3 groups t ested there were no d i f ference 
regarding age , sex or race . Po s i t ive react ions 
were more frequent l y  found in s e ra of dogs from 
Nothern Sweden and the county Sma l and than from 
other parts o f  Sweden . 
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FU NGAL PATHOGENS OF IXODES RICINUS - THE VECTOR OF LYME 
B O R R ELIOSIS 

J0rgen Eilenberg, Flemming Frandsen, Jose Bresciani and Vibeke Kalsbeek. 

Department of Ecology and Molecular Biology, Royal Veterinary and Agricul­
tural University, Bulowsvej 1 3, OK 1 870 Frb. C., DENMARK. 

Objective. Pathogenic fungal species have been found to be important 
mortality factors of insect populations. The objective in the present study is to 
evaluate the Importance of pathogens on Ixodes ricinus with emphasis on 
fungi. 

Methods. Ticks were collected either from systematic blanket dragging or 
from small rodents and deers. The ticks were incubated at room temperature 
for several weeks. Dead ticks covered with fungal mycelium were examined. 
The fungi were identified and cultivated on artificial media. Further, ticks were 
subjected to infection from pure cultures of the pathogens grown on agar to 
prove eventual pathogenicity. 

Results. The prel iminary results are as follows: proportion of both adult ticks 
and nymphs were covered by fungi after their death. The following species 
have so far been identified and isolated on agar: Beauveria bassiana. 
Verticil l ium lecanii and Aspergillus spp. B. bassiana and V. lecanii are known 
as pathogens on both insects and mites. Both species were able to infect ticks 
in the laboratory. 

Conclusion. Ticks are infected by various species of fungi which may be of 
importance in the regulation of the tick population. The fungi are potential 
biological control agents of various species of ticks. 
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MOSQU ITOREPELLENTS FROM ACH I LLEA M ILLEFOLIUM L. 

HAkan Tun6n, Walbe rg Tho rsel l  and Lars Boh l i n .  
Dept.  o f  Pharmacognosy, BMC, Box 579 , S-751 2 3  U ppsala. 

Objective. Since mosquitoes are known to be vectors of seve ral 
different diseases it is therefore of intrest to prevent th is transfer. 
One way to do this is the use of repel lents. An ethanol ic extract of 
yarrow, Achillea millefolium L. (fam . Asteraceae) , was fou nd to 
have mosquito repel l ing activity (Thorsel l ,  1 978) .  
The ai m o f  this study was t o  ide ntify t h e  m osquito repel l ing 
com ponents that obviously occu r in the extract. 
Methods. The extract was fractionated i nto basic, neutral and 
acidic com pounds of differe nt hydro- l ipophi l icity. This was done 
using l iquid-liquid extraction at diffe rent pH. The obtai ned 
fractions we re evaluated for activity i n  a repel lent test using 
Aedes aegyptj L. Fu rther separati on and identification was per­
formed usi ng TLC, HPLC and MS. Identified com pou nds were 
subjected to further studies to measu re their m osqu ito repel lent 
activity. 
Results. It was found that repel l ing activity occu rred in seve ral 
fractions. One fraction contai n ing carboxylic acids (e.g.  caffeic 
acid ,  chlorogenic acid, ferul ic acid ,  mandelic acid and sal icylic 
acid),  the seco nd one n itroge nous co m pou nds (e.g .  beto nici ne ,  
chol i nechloride, homostachydri ne,  prunasin ,  stachydrine and 
trigonel l ine)  and the th ird phenolic su bstances (pyrocatechol , 
quercetin and tannic acid) .  Most of these have al ready been 
isolated from yarrow (Karrer, 1 976- 1 985) . 
Conclusions. These results i ndicate that its possible to isolate 
mosquito repel l ing compou nds fro m plant material, e .g .  Achi l lea 
mi l lefolium L. The identified substances were of acidic, nitri le or 
quarternary nitrogen character and are thus different fro m  the 
most abundant repellents that are of amide, este r or alcohol  
natu re .  
Most of  the identified compounds possessed a contact repel l ing 
effect and some of them had an activity of the same magnitude as 
DEET. 
References. 
Karrer, W.  1 976- 1 985 Konstitution u nd Vorko m m e n  der 
organischen Planzenstoffe. Birkhause r Verlag ,  Basel . 
Thorsel l ,  W.,  et al . 1 978 Norw. J .  Ent. 25 : 1 1 4- 1 1 5. 
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TWO GROWTH FACTORS IN THE GULL-TAPEWORM 

Margaretha K.S .  Gustafsson 
Department of Biology, Abo Akaderni University, SF-20500 Abo, 
Finland 

Characteristic for many adult pseudophyllidean tapeworms is their 
special mode of growth. During their life span, which for Diphyllo­
bothrium dendriticum reared in hamster may dure up to some 
months, there is a constant production of new tissue in the neck 
region and a corresponding loss of old tissue in the tail end. 
Between the producing neck and the dying tail is a gradual matura­
tion of tissue, especially of tissue belonging to the genital organs. In 
the same individual all stages from the tiniest aggregation of 
germinative cells forming the first sign of genital anlage in the 
medullary parenchyma of the neck to the fully developed egg-filled 
ovaries and oviducts in the tail can be found. Everything happens as 
on a conveyor belt. When the worm reaches maturity no netto 
growth takes place any more. 
The guiding principles behind this never ending growth are still 
unknown. Mitogenic factors have been searched for. With immuno­
cytochemical technique basic fibroblast growth factor (FGF) and epi­
dermal growth factor (EGF) have been localized in the gull­
tapeworm. FGF immunoreactivity occurs solely in the central nervous 
system. EGF immunoreactive cell bodies were localized in the main 
nerve cords and furthermore in the mature genital organs. The effect 
of FGF was studied by cultivating plerocercoids in vitro in media 
containing anti-FGF and protamine (a blocker of the bFGF receptor) 
and by counting the number of cells in mitosis. 
The rapid and constant growth of tapeworms makes them interesting 
model organisms in the studies of cell multiplication and cell 
differentiation (Gustafsson 1990). 

References: Gustafsson MKS (1990) The cells of a cestode -

Diphyllobothrium dendriticum as a model in cell biology. In 
Gustafsson MKS, Reuter M (eds) The Early Brain. Proceedings, 
Symposium on Invertebrate Neurobiology. Acta Acad Aboensis Ser. 
B 50 (7) : 13-44 
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SEASONALITY IN PREVALENCE AND INTENSITY OF Gyrodactylus safaris 
MALMBERG, 1957 (MONOGENEA; GYRODACTYLIDAE) ON PARR OF 

ATLANTIC SALMON Salmo salar L. IN RIVER BATNFJORDSELVA, NORWAY 

Tor Atle Mo 

National Veterinary Institute, POB 8156 Dep, 0033 Oslo 1, Norway 

Abstract 

In Norway, the viviparous monogenean Gyrodactylus safaris Malmberg, 1957, is highly 

pathogen to parr of Atlantic salmon Salmo salar L. The parasite was probably introduced 

to Norway with infested smolts in the early 1970s, and has mainly been spread with 

infested salmon parr stocked in the rivers. So far, the parasite has been found in 35 rivers, 

and in all, except one, the salmon parr population has been reduced to a minimum within 

3-5 years after the parasite was introduced to the river. In River Batnfjordselva, located 

at the north-western coast of Norway, the percentage of survivors is much higher. 

Consequently this river was chosen to study the seasonality in prevalence and intensity of 

G. salaris on Atlantic salmon parr. The fish were collected at roughly monthly intervals, 

from june 1985 to july 1987 by means of electrofishing. 422 parr were collected; the 

number in each sample varied from 5 to 43. In total, approximately 203 ,500 G. salaris 

were found on 403 infested parr (mean 505); the number of parasite specimens per fish 

varied from 1 to about 12,500. The prevalence was 100% in most samples, except at the 

lowest water temperatures (0.0-4.0°C) when the prevalence could decrease to 60%. The 

mean intensity at each sample varied greatly. From October 1 986 to February 1 987 the 

mean number of G. salaris dropped from 2.030 to 34. At the same time the variance-to­

mean ratio dropped from 4,25 1 to 68. The rapid reduction of parasite intensity in the late 

fall and early winter months can probably not be explained by parasite population 

dynamics or host induced parasite mortality, but mainly because of a parasite induced host 

mortality. 
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RES I STANCE TO GYRODACTYLUS SALARI S MALMBERG , 1 9 5 7  
( MONOGENEA ) I N  SALMO SALAR : A GENETI C  COMPONENT 

Peder A .  Jansen , Tor A .  Bakke and Lars P .  Hansen* 
Zoological Museum , Sars gt . 1 , 0 5 6 2  Oslo 5 ,  Norway 
*NINA , Tungas letta 2 ,  7 0 0 4 Trondheim , Norway 

Obj ect ive . D i f ferences in host susceptibi l ity and 
resi stance to Gyrodactylus salaris between S a lmo 
salar from the Baltic sea and Norweg ian 
watercourses have recent ly been reported ( Bakke et 
a l . 1 9 9 0 ) . The aim of the present study is to 
examine the genet ics of the suscept ibi l ityj ­
res i stance traits i n  F 1 crosses between Baltic and 
Norwegian sa lmon . 
Method s . The Gyrodactylus salar i s  stra in used 
origin ated from the r iver , Liere lva . The Baltic � 
sa lar originated from the r iver , Neva ( USSR) , the 
Norweg i a n  s .  salar from the river Imsa . F1 crosses 
were made between : ( 1 )  Neva ma le x Imsa fema l e  and 
( 2 )  Imsa ma l e  x the same Imsa fema l e . The progeny 
( o+ ,  5 . 3 - 7 . 9cm )  was exposed to infected sa lmon for 
2 days ( i solated f i sh) and 6 days ( grouped f i s h )  
a t  1 2 °C . Exper iments : ( 1 )  Two rep l icate groups of 
1 0  Irnsa x Imsa and two rep l i cate groups of 1 0  Neva 
x Imsa were individual ly isolated in boxes 
( 1 1x 1 7 x5 em water leve l ) ;  ( 2 )  Two groups , 5 0  Imsa 
x Imsa and 50 Neva x Imsa , were kept in grey 
plastic tanks ( 1 0 0x 1 0 0 x2 0 em water l evel ) .  The 
number of G .  salar i s was counted on anaesthet i z ed 
( 2  m i n , 0 . 0 4 %  Chl orbutanol )  f i sh . 

Resu l t s . I n  a l l  the laboratory ep i z ootics , � 
salar is infrapopul ation growth was h ighest in the 
Imsa x Imsa F 1 progeny . Mean intens ity on isolated 

( 1 )  and grouped ( 2 )  f i sh : ( 1 )  Imsa x Imsa : 
2 6 / 1 0 1 / 3 1 5 / 4 9 3  ( day 0 / 1 6 / 3 0 / 3 6 ) , Neva x Imsa : 
2 0 / 6 5 / 1 5 2 / 1 5 6  ( day 0 / 1 6 / 3 0 / 3 6 ) ; ( 2 )  Imsa x Imsa : 
5 7 / 2 2 0 / 4 2 0  ( day 0 / 1 4 / 2 8 ) , Neva x Imsa : 4 3 / 1 6 8 / 2 3 6  
( day 0 / 1 4 / 2 8 ) . The relative da i ly populat ion 
growth on poo l ed individua l ly isolated parr was 
s i gn i f icant ly h igher on Imsa x Imsa progeny 
between days 3 0 - 3 6  ( p< 0 . 0 5 ) . 
Conc lus ion . The growth of Gyrodactylus infra­
populat ions was cont i nuously s lower on Neva x Imsa 
F 1 progeny . Th is ind icates an inheritable compo-
nent i n  G .  salaris resistance in ma l e  Neva salmon . 
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HUMORAL I MM U N E  R E S PONSE OF T H E  EUROPEAN E E L  ( t.NGldJ.J:1-A 
ANGU I L LA ) AGA I NST MAJOR ANT I G E N S  I N  ANG U I L L I COLA CRASSUS 
( N EMATODA ) .  

K u r t  B u chman n * , J oak i m  G l aman n * *  a n d  � a r s  0ste rgaard** 
* R o y a l  Vete r i n a r y  a n d  Ag r i cu l t u r a l  U n i ve r s i t y ,  ** I n­
st i t ute of Expe r i menta l I mmuno l o gy , Cope n h a ge n . Denma r k . 

Obj e ct i ve .  To i so l ate and p a r t i a l l y  c h a racte r i ze maj o r  
a n t i gens i n  t h e  sw i mb l adde r nematode A ngu i l l i co l a 
crassu s  p a r as i t i z i n g the Eu ropean ee l ( A ngu i l l a angu i l -
1 a ) . 
Methods . A d u l t  fema l e  spec i mens o f  A .  c rassus we re 
removed f rom t h e  sw i mb l adder of natu ra l l y  i n fected ee l s  
and so n i cated . SDS-PAGE ( 1 0 % pol yac r y l am i de )  was 
p e r f o rmed u n d e r  redu c i ng cond i t i on s  o f  t h e  p a r as i te 
son i ca t e . The separated p rote i n s we r e  e l ectro b l otted 
onto 1 2  n i troce l l u l ose membrane s t r i ps ,  w h i c h  we re 
i nc u bated sepa rate l y  i n  serum ( d i l u te d  1 : 50 ) f r om 6 
i nf e c ted and 5 non - i nf ected ee l s  or b l oc k i n g buffe r 
a l on e  ( co n t r o l ) .  To d e tect i mmuno- r e a c t i ve bands t h e  
s t r i p s we r e  i n c u bated i n  a r a b b i t  ant i  ee l I g  s e r u m  
( d i l u te d  1 : 1 000 ) fo l l owed b y  an i nc u ba t i on w i t h a 
p e ro x i dase conj u g ated sw i ne a n t i  rabb i t  I g  ( d i l u ted 
1 : 2000 ) .  To v i su a l i ze i mmunoreac t i ve p rote i n  bands the 
s t r i ps w e r e  reac t e d  i n  d i oc ty 1 - s u l fo- suc c i n ate , tetrame­
t h y l  benz i d i ne ,  c i trate phosphate b uf f e r  and h y d rogen 
p e r ox i de .  
Res u l ts .  More than 1 2  d i st i nct p ro te i n  bands w i t h MW 
rang i n g f rom a p p . 1 4  k Da to mo r e  than 9 4  k Da cou l d  be 
d i st i n g u i s h e d  i n  the Coomas s i e  b l ue s t a i ned SDS-PAGE 
s l ab w i th the p a r as i te son i cate r u n  unde r reduc i ng 
cond i t i o ns . T h e  s e r a  f rom i nf ec te d  e e l s reacted w i t h a t  
l e ast two o f  these p rote i ns w i th M W  of app . 2 5  k D a  and 
40 k Da . S e r a  f rom non- i nfected e e l s  d i d  not s how reac­
t i on to any o f  these p rote i ns .  Both i nfected and some 
non - i nfected e e 1 s reac ted to a 93 kDa p rote i n .  
Conc l us i on .  T h e  E u ropean ee l i s  capab l e  o f  mou n t i ng a 
h u mo r a l  i mmune r e sponse to d i st i n c t  a n t i gens f rom 
A n g u i l l i co l a c ra s s u s , and ou r i mmuno b l ot method p rov i de s  
a s e rod 1 agnos t 1 c  too l f o r  d e tect i on of A n g u i l l i co l a 
i n fect i on i n  e e l . 
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ADVANCED TECHNIQUES IN THE TAXONOMY OF SPECIES 
OF GYRODACTYLUS (MONOGENEA) PARASITISING 
BRITISH FRESHWATER SALMONIDAE 

. * ** . • 0 * *  
A .P.  Shmn , D.I .  Gtbson and C.  Sommervtlle * . 

Department of Zoology, The Natural H tstory Museum, London, UK * *  
Institute o f  Aquaculture, University o f  Stirling, Stirling, U K  

Several species o f  the ectoparasitic monogenean genus 
Gyrodactylus infect populations of wild and farmed salmonids in 
northern E urope, where in some cases they are thought to be 
responsible for high mortalities in juvenile fish. Species 
determination based on subtle differences in hook morphology has 
posed a taxonomic problem when carried out at the level of the 
light microsope. 

Geographically distributed populations of Gyrodacty/us 
parasitising four hosts of the family Salmonidae were collected 
and their sclerites compared using scanning electron microscopy 
following enzymatic digestion. This revealed the amount of 
morphological variation that exists within a population sample 
and between species from other biogeographical locations outside 
the UK. 

Marginal hooklets and hamuli collected from enzymatic 
digestion, viewed under the scanning electron microscope, were 
measured using the classical feature of hook shape. These were 
then compared to both novel parameters measured using a digital 
image analysis system and to measurements taken with the light 
microscope. The image analysis system enables the measurement of 
new parameters of hook shape and the removal of some of the 
unreliable taxonomic criteria used previously. Collected data 
were then subjected to a computer analysis of variance package to 
isolate and confirm different species of Gyrodactylus. 

In addition, sputtercoated sclerotized portions of the 
haptoral attachment apparatus, extracted and purified by 
sonication and serial centrifugation, were examined by scanning 
electron microscopy. By this technique the precise morphology of 
the accessory bars and the posterior membrane of the ventral bar 
can be described: these are lost using present enzymatic 
digestion techniques. 
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TH E CESTODE EUBOTHRIUM SP.  I N  FARMED MARINE 
SALMON - I NFECTION PATTERN AND TREATMENT. 

Bj0rn Berland & Glenn A. Bristow 
Zoologisk laboratorium,  Universitetet 
Norway. 

Bergen, Bergen,  

Objective. To study i n  marine farmed salmon,  Salmo salar L. 
1 )  the infection pattern over time with the cestode Eubothrium 
sp.  and 2) the results of treatment with a nthelminthics. 
Material and methods. Salmon smolts produced at MOWI's 
hatchery at Vara lds0y, Hardanger, transferred to MOWI's 
marine aquaculture unit on the outer coast at the end of May 
1 990, were sampled at i ntervals during summer-fall 1 990 to 
fol low the bui ld-up of the infection with this cestode. In  
cooperation with BP Nutrition Aquaculture, a t  the end of 
October 1 990 the fish in 6 pens were treated with 
anthelminthics: 5 were given praziquantel regimens, 1 
fenbendazol ,  plus one control group.  By glass-plate compress 
we searched for, col lected and weighed the worms . 
ResuHs. Fresh-water smolt were not infected; after about 4 
weeks in  the sea a single fish, in  a batch of 29, harboured 1 0  
tiny specimens. During the summer the i nfection increased 
gradually, by the middle of August prevalence reached about 
80 %, abundance 1 4, maximum number in a s ingle fish 1 64. By 
the middle of October, prior to treatment, the over-al l  infection 
in 281 fish was: prevalence 85 %, abundance 6.67. Early in the 
summer the specimens were very small, hardly more than 
scoleces, but gradual ly the specimens grew large and became 
sexually mature with eggs. 
The anthelmintic treatment gave as best result a 85 % 
reduction in  prevalence, obtained with 5 mg praziquantel/kg 
fish g iven on each of two consecutive days. Scoleces were 
found i n  sample of voided worms. The i nfection in 40 fish from 
the control group and 40 from the "best result"-group, sampled 
on 1 3. March 1 991 , showed a prevalence of 82 .5% and 4.5 % 
respectively, abundance being 6 .1  and 0.45, respectively. 
Conclusion. Salmon becomes infected with a marine 
Eubothrium species in  sea water in the summer and autumn,  
but l ittle or no infection seems to occur during the winter.  
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DISTRIBUTION OF X-CELL DISEASE IN THE COMMON DAB (Limanda 
limanda L.) IN THE MORAY FIRTH 

G.S. Begg 
SOAFD Marine Laboratory, Aberdeen 

Objectives. X-cell di sease in common dab is characterised by the 
development of pale, swollen gill filaments. Histological examination of the 
lesions show X-ce1ls  to be present in the area between secondary gill lameJlae. 
X-cells are of an nnknown type, however, most recent studies suggest they 
are amoeboid like nnicellular parasites (Diamant and McVicar, 1989). There 
is some evidence to suggest that the distribution of X-cell disease is highly 
patchy (Diamant and McVicar, 1989). 
This paper attempts to further describe and interpret the distribution of 
X-cell disease. 

Methods. An intensive survey of the prevalence of X-cell disease is being 
carried out in the Moray Firth on the east coast of Scotland. Prevalences 
have been detennined from hauls off the southern shore of the Moray Firth 
and from a series ofhauls fonning a grid covering an area of c. 3 nm2 situated 
within Burghead B ay (south coast, Moray Firth). 
Experimental investigations into the aetiology and dynamics of X-cell 
disease are also being carried out. 

Results. The results of the field survey show X-cell disease to be restricted 
to a narrow band of inshore water (c. 3 nm wide) with further extensive 
variation of prevalence within this patch. 

Conclusions. That a potentially parasitological condition shows such 
marked spatial variation over a limited area clearly has implications for the 
design and interpretation of future surveys for this and other parasites .  

References. Diamant, A and McVicar, AH. (1989). Distribution of 
X-cell disease in common dab, Limanda limanda L., in the North Sea, and 
ultrastructural observations of previously nndescribed developmental 
stages. J. Fish Dis., 12: 25-37.  
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COCCIDIANS OF FOUR MARINE FISH SPECIES FROM SCOTTISH 
WATERS 

Graca Costa*, K MacKenzie* and A.W. Pike** 
*SOAFD Marine Laboratory, Aberdeen 
** Dept Zoology, University of Aberdeen, Aberdeen 

Objectives. To determine whether Goussia clupearum only or other species 
infect the livers ofherring (Clupea harengus), mackerel (Scomber scombrus), 
Norway pout (Trisopterus esmarkii) and poorcod (Trisopterus minutus). 

Methods. Squash preparations of fresh or frozen livers were examined with 
Norrnanskii Interference Contrast. Some liver samples were processed for 
light and electron microscopy using standard methods. 

Results. Each sporulated oocyst contains four sporocysts and has a thin 
rounded wall. There is no polar granule or oocyst residuum. The sporocysts 
are oval, with two banana shaped sporozoites divided by a suture, and each 
with a round refractile granule. The sporocyst residuum is fine-grained. 
Between herring and mackerel on the one hand and Norway pout and poorcod 
on the other there was a significant difference in sporocyst size. The 
ultrastructure of both developing and mature macrogamonts is similar. 

These stages are limited by a single unit membrane and lie inside a single 
or double walled parasitophorous vacuole, depending on stage of 
development. Mature sporocysts from herring, mackerel and Norway pout 
had a three-layered membrane. 

Conclusions. Based on the morphology ofboth oocysts and sporocysts and 
on the ultrastructure of some of the developmental stages, it is concluded 
that the four fish species are infected by the single species G. clupearum. 
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INFESTATION BY AP IOSOMA AND ICHTHYOBODO IN P I KE­
PERCH FRY REARED IN TWO D IFFERENT TYPES OF NATUR­
AL- FOOD PONDS 

Riitta Rahkonen 
Finnish Game and Fisheries Research Institute , 
Aquaculture Divi s ion , Hels inki , Finland 

Obj ective . The aim of the pre s ent s tudy was to 
examine whether parasites have an e f fect on the 
production of natural- food ponds stocked with 
pike-perch ( St i z o s tedion luciopercae ) fry . 
Methods . Pike-perch fry were studied for paras ites 
twice a month from June to mid-August in two 
dif ferent types of natural- food ponds in southern 
Finl and . The fry were not fed or treated during 
the summer . 
Results . I n  the pond at Lohj a ,  Ichthyobodo necator 
occurred on the skin and gills of the fry from 
June to mid-July , infes tation being worst at the 
beginning of July . At Raurna , s li ght infestation by 
I .  necator occurred only in the middle of August . 
The fry from the pond at Loh j a  were very s trongly 
infes ted by Apio s oma sp . from July onwards . E . g .  
the fins o f  the fry were fil led with these proto­
zoans . At Raurna Apiosoma sp . appeared in the 
middle of July , with the peak at the end of the 
month , but the level of infestation was c learly 
lower than at Lohj a .  
Conclusions . The mas s ive infe station by Apiosoma 
sp . ,  together with the occurrence of I .  necator , 
was evidently a consequence o f  the poor nutrition­
al state of the fry in the pond at Loh j a .  Both the 
growth rate of the fry and the production of the 
pond were c learly poorer at Loh j a than at Raurna . 
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HENNEGUYA SP . ( MYXOSPOREA ) ON THE GILLS OF PERCH 
( PERCA FLUVIATILIS ) IN CENTRAL FINLAND , 
SEASONALITY AND PATHOGENICITY 

E .  Tell ervo Valtonen , A .  Haaparanta & R .  Ho ffmann * 
Department of Bio logy , University of Jyvaskyl a ,  
Fin land 
* Ti erar z t l iche Fakultat der universitat Munchen , 
Germany 

The occurrence and deve lopmental stages of 
Henneguya sp . were stud ied from the g i l l s  of perch 
( Perea fluvi at i l i s ) between February 1 9 8 6  and 
November 1 9 8 7  from four lakes of d i ffering in 
water qua l ity and pol lution level in Central 
Finland . The preval ence of Henneguya cysts was 
highest ( 4 0 % )  in  the o l i gotroph ic and lowest in 
the two eutrophic lakes ( 2 6 . 5  and 3 3 . 5  % ) , whi l e  
in the pol luted lake it was 3 6 % .  The most 
distinctive change between the two years was found 
in the prevalence of infection in the po l luted 
lake , where infection was 5 7 % in 1 9 8 7  and 1 8  % in 
1 9 8 6 . 

Distinct seasonal variation was found in a l l  
lakes ; the highest prevalences of Henneguya cysts 
were found in February-May in the o l i gotrophic 
lake and ma i nly in  February-Apri l  in other lakes 
and the lowest occurred during the summer . 

The deve lopmental stages of Henneguya sp . in cysts 
on the gi l l s  ranged from very early stages to 
ful ly-deve loped s pores . Early developmental stages 
were encountered throughout the year , but ful ly 
mature spores and developing spores occurred 
ma inly in spring . Al l of the devel opmental stages 
were present and often concurrently in the same 
f i sh in spring . 

No host reaction , apart from cyst formation was 
found against Henneguya . 
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PARASITES AS INDICA TORS OF SEW AGE SLUDGE 
DISPERSAL IN THE FIRTH OF CLYDE 

R. Siddall, A.W. Pike and A .H. McVicar* 
Dept. of Zoology, Aberdeen University and 

* S OAFD Marine Laboratory, Aberdeen, S cotland 

Objective. To explore the relationship between levels of pollution and the 
prevalence of the digenean Zoogonoides viviparus (Trematoda: 
Zoogonidae) in the prosobranch mollusc Buccinum wzdatum on an sewage 
sludge dump site in the Firth of Clyde. 
Methods. Buccinum were sampled monthly at sites along a pollution 
gradient over an 1 8  month period. Data were collected on parasite 
prevalence and seasonal variability, host condition, growth and infection 
with age. Laboratory studies have examined the effects of sewage sludge 
on the parasitic and free-living rransmission stages in the life-cycle of 
Zoogonoides. 
Results. There is a positive correlation between the prevalence of Z. 
viviparus in B. undatum and distance from the centre of the sewage 
sludge dump site. Parasite prevalence decreases significantly along a 
gradient of increasing sewage pollution. The observed correlation is not 
due to other environmental or host-related factors. Sewage sludge was 
found experimentally to affect the survival of Zoogonoides miracidia and 
to significantly increase the mortality rate of Buccinum. Mortalities were 
significantly higher in infected than uninfected whelks, leading to a 
reduction in parasite prevalence among the surviving individuals. 
Conclusions. The Buccinum-parasite system appears to provide a good 
bioindicator for monitoring sewage sludge dispersal in the Firth of Clyde, 
and this model offers support for the use of parasites as biological 
indicators in routine monitoring studies. 
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PARASITES AS BIOLOGICAL TAGS FOR COD, Gadus morhua L., IN 
NORTHERN NORWAY 

Willy Hemmingsen*, Ivo Lombardo** and Ken MacKenzie*** 
*Institute of Biology and Geology, University of Tromso, Norway 
**Santa Croce 2084, Venice, Italy 
***SOAFD Marine Laboratory, Aberdeen, Scotland 

Objective. To investigate the feasibility of using parasites to separate stocks 
of cod in northern Norway. 

Methods. Samples of cod, totalling 103 fish, were taken from three locations 

in the southern Barents Sea and the fjords Balsfjord and Ullsfjord. Samples 
were preserved by deep-freezing. Each cod was later examined for protozoan 
and metazoan parasites and sample prevalences and abundances were 
compared for statistical significance. 

Results. Sixteen species of parasite were found, seven of which showed 
statistically significant differences in prevalence between locations.  The 
greatest differences were between the Balfjord sample and the other two. 
Potentially useful biological tags include the protozoan Myxidium sp. (from 
the gall bladder), the larval nematodes Pseudoterranova decipiens and 

Phocascaris sp.,  the digenean Hemiurus levinseni and the acanthocephalan 
Echinorhynchus gadi. 

Conclusion. Cod in Balsfjord may comprise a largely self-contained 
population. An extension of this study is likely to contribute significantly to 
our knowledge of the stock structure of cod in northern Norway. 
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SUSCEPTIBILITY OF ARCTIC CHAR ( SALVELINUS ALPINUS ) 
TO GYRODACTYLUS SALARIS MALMBERG ( MONOGENEA) 

Tor A .  B akke and Peder A .  Jansen 
Zoological Museum , Univers ity of O s l o , Sars gt . 1 ,  
N-0 5 6 2  O s l o  5 ,  Norway 

Obj ective . Gyrodactylys salaris is  suggested 
imported to Norway on salmon from the Baltic area 
( Ma lmberg 1 9 8 8 )  . Knowledge of the host range o f  
the parasite , espec i a l ly the eastern immigrants ,  
i s  in th is respect important . Previous laboratory 
tests (Tanum 1 9 8 3 )  and f ield records ( Mo 1 9 8 8 )  
indicate a potential for s .  alpinus to be host for 
G .  sa lari s . our a im was to study the suscepti ­
b i l ity and res i stance of s .  a lpinus to G .  salaris . 
Methods . The G .  salaris strain used originated 
from the r iver , Lierelva . 1 5 0  S .  a lpinus 
( anadromous Hammerfest stock , ful s ib , o+ , unfed , 

mean l ength 6 . 9 cm ( 5 . 9 -7 . 6 ) ; mean weight 2 . 6g ( 1 . 7 -
3 . 5 ) ) ,  previously unexposed to G .  salar i s , were 
exposed for 1 1  days to 2 6  infected salmon at 1 2 °C .  
Experiments : ( 1a )  Two rep l ica with 5 0  grouped 
f i shes in grey p lastic tanks ( 1 0 0x 1 0 0x2 0cm water 
l evel ) , ( 1b )  one group reduced to 2 2  after 9 6  days 
o f  i nfecti on ; ( 2 a )  2 1  individua l ly isolated f i shes 
in f l oating boxes ( 1 1x17x5 em water level ) ;  ( 2 b )  
1 9  isolated f i shes after 9 6  days o f  grouped 
infection . The number of G .  salaris was counted on 
anaestheti z ed ( 2  min , 0 . 0 4 %  Chlorbutano l )  f i sh . 
Results . Mean intens ity ( range ) a fter one week o f  
exposure ( n=2 1 ) : 5 5 . 8 ( 1 0- 15 1 ) . ( 1a )  Prevalence 
> 8 0 % , lltean intens i ty f luctuating dur ing 2 8 1  days 
of observati on , peak infect ion individual f ish , 
ca . · 15 0 0  ( a fter 2 5 5  days ) ; ( 1b )  Decl ine and 
paras ite el imination by day 6 0 ; ( 2 a )  Increas ing 
intens ity up to day 2 2 , decl ine and parasite 
e l imination by day 1 5 9 ; ( 2 b)  Decl ine but no 
paras ite e l iminat ion after 150 days . s .  a lpinus 
were individu a l ly variable : ( 1 )  Innately 
resistant ; ( 2 )  Initi a l ly susceptible , aquired res­
pons , infecti on el iminated ; ( 3 )  Initial ly suscept­
ible , aquired respons , infection not el iminated . 
Conclus ion . Prolonged r eproduct ion o f  G .  salaris 
on anadromous S .  a lpinus is demonstrated under 
laboratory conditions . S .  a lpinus may accordingly 
phy s i o l ogical ly function as a host for G .  salaris 
in the f ie ld . 

60 



SUSCEPTIBILITY OF GRAYLING ( THYMALLUS THYMALLUS )  
TO GYRODACTYLUS SALARIS MALMBERG ( MONOGENEA) 

Tor A .  Bakke and Peder A .  Jansen 
Zoological Museum , Univers ity o'f Oslo , Sars gt . 1 ,  
N- 0 5 6 2  O s l o  5 ,  Norway 

Obj ective . The epidemics of G .  salaris on S a lmo 
s a l ar in Norweg ian watercourses is expla ined as a 
consequence o f a recent anthropogenic intro­
duction o f the paras ite . This depends on host 
spec i f ic ity and the spec ies taxonomy . The r iverine 
Thyma l lus thyma l lus is known to have cross ed the 
present-day ea st-west watershed in Scandinavia and 
colon i z ed for examp le r ivers in northern Norway . 
Gyrodactylus thyma l l i  Z itnan , 1 9 6 0  described from 
T .  thyma l lus in Cz echos lovakia , is c lose to � 
salaris ( Z itnan 1 9 6 0 )  and the two are diff icult to 
distingu ish morpho logica lly ( Ma lmberg 19 8 7 ) . The 
a im of th i s  study is to examine the potent ial of 
T .  thyma l l i  a s  host for G .  salar i s . 
Metho d s . The Gyrodactylus salaris strain used 
originated from the river , Liere lva . Thyma l lus 
thyma l lus c o+ , mean we ight 2 . 5g ,  range 1 . 4  - 4 . 4g ;  
mean length 7 . 2 cm ,  range 6 . 2  - 8 . 5cm )  previous ly 
unexposed to Gyrodactylus , originated from the 
lake , Femunden . 1 5 0  f ish were expos ed for 1 week 
to 2 0  infected s almon at 1 2 °c . Exper iments :  ( 1 ) 
Two r ep l ica w ith 5 0  grouped f ishes in grey plastic 
tanks ( 1 0 0x 1 0 0x2 0cm) ; ( 2 )  Nine individua l ly 
iso lated f ishes in f loating boxes ( 1 1x17 x5cm) . 
Paras ite number was counted on anaesthet i z ed 
( 2min , 0 . 0 4 %  Chlor-butano l )  f ish . 

Results . Mean intens ity ( range ) after one week of 
exposure ( n=4 4 ) :  12 . 7 ( 3 - 2 5 ) . Pooled results : ( 1 )  
I ncreas ing intensity up to day 2 2 , then a dec l ine ; 
( 2 )  : Increas ing intens ity up to day 7 ,  then a 
dec l ine . Maximum observed duration of infection 
S Od ( +7 d  exposure ) .  The susceptib i l ity of indivi­
dual f i sh was var iable : ( 1 )  Innately res istant ; 
( 2 )  I n i t i a l ly suscept ible , aqu ired response after 
one week ; ( 3 )  Initial ly susceptible , no response . 
Conclus ion . G .  sa lar is trans fer to and repro­
duction on T .  thyma l lus occurs under laboratory 
conditions . T .  thyma l lus may accord ingly phys io­
logica l ly funct ion as a host for G .  salaris in the 
field . The results support the possibil ity o f  
conspeci ficity between G .  salaris and G .  thymal l i . 
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PATTERNS IN OCCURRENCE AND D I STRIBUTION OF FRESHWATER F I S H  

PARAS ITES 

Rita Hartvigs en and Odd Halvorsen , Z o o lo g i c a l  Museum, 

Un}vers ity of O s l o , O s l o , Norway 

Current l ite rature maintains that the d i s t r ibution of fre sh­

water f i sh para s it e  spe c i e s  among l ake s i s  the r e sult of 

chance o r  s tocka s t i c  proc e s s e s  whi ch mak e s  it impo s s ible to 

predict the probabl e  oc currence of any particular spe c i e s  

o f  para s it e  in any part icular l ake . Thi s  prob l em i s  re lated 

to the commonn e s s  and rarene s s  o f  spec i e s  and the d e l imina­

t ion o f  c ommunitie s where compa r i s ons mus t  be made within 

defined s c a l e s . We s tudy thi s  by c omparing the paras ite 

c omponent c ommunit i e s  o f  roach ( Rutilus rut i lus ) and bream 

( Abramis bramae ) in a number of lak e s  within an area of 

100 km x 100 km . We a s sume that degree o f  s imila rity among 

fre shwater f i sh para s it e  component commun i t i e s  is a funct ion 

of degree of d i s continuity and d i s tanc e  among ( a s sumed ) c om­

munit i e s . To d e s c r ibe the within and among l ake variat ion 

in s amp l e  c ompo s ition , s amp l e s  have been drawn from one 

l arge lake and two s ets o f  interconnec t ed , sma l l e r  lake s 

where the l arger l ake and the two s e t s  are not connected 

with eachother . Th i s  i s  intended to give an e s t imate of 

how diffe rent are " di f fe rent " and how s imilar are " s imilar " 

fre shwater f i sh para s i t e  component c ommun i t i e s  on this s c a l e . 
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THE USE OF LOGIT MODELS IN ANALYS,ING INFECTIONS OF 
ERGAS ILID COPEPODS IN FISH FROM CENTRAL FINLAND 

J .  Taskinen , E . T .  Valtonen and H .  Tuuha 
Department of Biology , Un iversity of Jyvaskyl a ,  
Fin land 

Logit mode ls provide a useful stat i stical method 
for analys i ng mu ltivar i ate frequency data , i n  
which var iatio n of  a dichotomous vari abl e ( e . g .  
infection ) i s  analyzed us i ng categori z ed var iab­
les . 

Ruti lus ruti lus ( n=1 2 5 5 ) and Perea f luvi at i l i s  
( n=8 6 6 ) f rom f our ne i ghbouring l akes i n  Central 
Fin land o f  d i f ferent trophic status and po l lution 
level were studied for paras i t i c  ergas i l i d  cope­
pods between 1 9 8 6  and 1 9 8 8 . Four ergas i l i d  spec ies 
were f ound : Ergasi lus br i an i  ( total prevalence 
1 6 . 9 % ) , Neoergasilus japonicus ( 1 5 . 6 % )  and Paraer­
gas i lus l ongi tigi dus ( 2 . 1 % )  in roach and Ergasi lus 
s i eboldi ( 9 . 9 % )  and P .  longi tigi dus ( 4 . 9 % )  i n  
perch . 

The ef f ects o f  the water qual ity o f  the lakes , 
season and year on the prevalence of E .  bri ani , � 
s i eboldi and N .  japonicus infections were studied 
by constructi n g  logit models . General ly , the pre­
valence of E .  briani on roach depended on the 
season only , with more frequent occurrence i n  
summer .  The preva lence o f  E .  s i eboldi i n  perch was 
ma inly dependent on the study lake , occurring most 
f requently in the o l i gotrophi c  lake . All three 
parameters a f f ected the prevalence of N .  japonicus 
in roach . Thi s  more comp l icated system is ex­
plai ned by the long durat ion of  its free l iv i ng 
stages , its loose attachement and d i f f erent loca­
tion on the host , being found on the f ins , as 
opposed to the gi l l s . 
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INFEC TION PATTERN OF ANI SAKI S S IB PLEX IN SAI TE 

( POLLACHIUS VI RENS ) ,  COD ( GADUS HORHUA ) AND RED FISH 

( SEBAS TES l·�ARINUS ) .  

Einar S tr 01nne s & Karin And er s en 

Z o ol ogi cal mus e um , Univer s i ty o f  O s l o , N orway . 

From the Vega ar e a , on· the we s t  c o a s t  o f  Norway , about 

twenty s p e c im ens of each of the thr e e  fi sh s pe c i e s  

wer e sampl e d  m onthly and examine d for A .  s irrlP.l ex 

larvae over a period of one year . The l o ca t i on in the 

f i sh and the s i z e  o f  the l arvae vra s  n o t ed . The 

inf e c t i on rate wi th A .  s impl ex , al th ough d i ffe r ent 

in the thr e e  fi sh s p e c i e s , was fo und t o  b e  more or 

l e s s  constant thr o ugh o ut the y e ar without d i s t in c t  

s e as onal fl u c t ua t i ons ne i th er i n  pr eval enc e  nor in 

intens i ty . The l o cati on of the larvae within th e fish 

al s o  turne d  o u t  t o  be s om ewhat d i fferent in th e thr e e  

d i fferent f i sh s p e ci e s  whi l e  t h e  l ength o f  the larvae 

t end ed t o  vary wi th fi sh s i z e  and time o f  the y e ar . 
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INTERACTIONS BETWEEN COMMON SEALS AND LOCAL FISH 

POPULATIONS IN THE HVALER AREA, OSLOFJORD. 

Sophie des Clers* ,  Karin Andersen**, Tor J ensen**, John Prime * * * ,  

Arne Bj�rge** & Stan Tveite****.  

* RRAG, Imperial College, London, UK 

* *  University o f  Oslo, Norway 

* * *  Culcharron, Benderloch, Oban, Scotland 

**** Havforskningsinstituttet, Fl1i1deviken, Norway 

The population dynamics of fish is described from historical data and 

bi-annual trawl catches. Individual 'sealworm' burdens 

(Pseudoterranova decipiens) are determined for demersal and benthic 

fish species caught in trawls or traps. The diet of the local common 

seal (Phoca vitulina) colony is established by a detailed study of 

faeces samples. 

A model is proposed, to explain how the population dynamics of both 

hosts and p arasite have been affected by the epizootic which killed 

most of the seals colony in Hvaler in 1 988. 
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OCCURRENCE IN SOUTH-BALTIC FISH OF ANISAKIDAE LARVAE 
DANGEROUS TO MAN 

Przemys law Myj ak -:: ; M i roslaw Wys zynski ;'o': , 
Jer zy Rok i c k i  *** and Janusz Woj c iechows k i *  
* - Ins t i tute o f  Mar i t ime and Trop i c a l  Med i c ine , Gdyn ia 
'�'� - Sea F i sher ies Ins t i tute , Gdyn ia 
'lo':'l: - Univers ity o f  Gdansk , Gdyn i a , Poland 

Obj ect ive . Long - term inves t i gat i ons were carr ied out to 
des c r i be the o c currence of Ani sak i dae larvae in 4 most 
frequently c aught f i sh species . 
Methods . The inves t i gat ions covered f i s h  caught in a l l  
Pol ish economic exc lus ive zone f i sh ing grounds . A total of 
1 7  545 herr ings , 1 85 7  cods , 5660 sprats and 6 4 9  flounders 
were examined . Rout ine i chthyo log ical / body length , we ight , 
sex , g onad c ond i t i on , age , spawning group o f  herr ing s /  and 
paras i t o l o g i cal / number and p lace in host of larvae , the ir 
taxonomy / inve s t i gations were performed . 
Results . Herr ings were found to be infec ted with An i sa k i s  
s imp lex larvae . The paras ite were mos t  frequently found in 
f i sh I 8 6  % in as sortment "D" I from western f i sh ing gro -
unds I No . 1 0 7 - 1 0 5  / .  In other f i s h ing grounds the rate 
o f  infes tat i on of f i sh did not exceed 1 0% ,  except Gulf of 
Gdansk f i sh where 30% were recorde d . A c lear s ea s ona l i ty of 
herr ing infection c ould be seen . Larvae were mo s t ly detec -
ted in spring and sporad i cally in summer . The her r ings in -
fected were members of the coastal spr ing spawn ing group . 
Larvae were ma inly found on the mesentery and on pyl o r i c  
proces s e s . In or upon herr ing g onads and mus c les , the ma in 
sources of infect i on to man , larvae were detected in her -
rings infected in 1 5  % and 2 , 4  % ,  respect ively . 
In cods ma inly in the l iver , An i s ak i s , Contracae cum and 
Hys terothylac ium larvae were found , w i th 3 % paras i t i c  
prevalence . 
The intens ity and prevalence of the infes tat ion by para s i  -
tes were fourtl to increase with body length and age of her -
r ings and cods . 
No An i s ak idae larvae were found in sprats and only 0 , 9  % 
in f louders . 
Conc lus ion . In c ompari son w i th data from the 1 9 6 0 s  to 
1 9 7 0 s  a h i gher infestat i on rate of herr ings by A .  s imp lex 
larvae was recorded . The la rvae were present even in Vis -
tula Coastal Lagoone f i sh . A decrease o f  paras i t i c  infes -
tat i on was noted in cods in whi ch larvae represent ing 3 
An i s ak i dae genera were detected . 
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INFECTION BY CRYPTOCOTYLE SPP. ON A1LANTIC COD 
(GAD US MORHUA) IN FISH FARMS. 

Dag Atle Lysne, Willy Hemmingsen and Arne Skorping 
University of Troms� 
Ins titute of B i ology and Geology. 

Marine fi sh living close to the coast or in  the fjords often 
suffer s ev ere attacks fro m  cercariae of the digenean 
C ryp t o c o ty l e spp . emerging from periwinkles .  Cysts 
containing metacerc ariae are seen as black spots in  the 
skin due to h o s t  response. Thi s  proj ect i s  designed to 
clarify if  the c aging of cod increases infection due to 
their continual exposure to cercariae. 

A tl an tic cod,  about 40 em. in length, were caged 
about 1 5 0  m eters from shore at a research s tation i n  
North N orway.  Fifty fis h  were s ampled randomly every 
third month for two years, and compared to wild cod in 
a nearby fj ord . The infection was quantified by means of 
a skin digestion technique. 

Infection prevalence rose to 1 00% during the first 
year. The intensity increased quickly at first,  b u t  
thereafter decre a sed . In w i l d  c o d  i n fection remained 
unc h an g e d . The d egree of o v erdispers i o n  increased 
rapidly a s  intensity rose the firs t  year, but  then started 
to decrease. 

I t  is concluded that the caging of c od leads to an 
increase in infection level of Cryp t o c o ty l e  spp. and that 
the infection occurs nonrandomly.  
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DACTYLOGYRUS-COMMUNITIES ON THE GILLS OF ROACH : 
MI CROHABITAT DI STRIBUTION AND INTERSPECI F I C  
RELATIONSHIPS 

Mari Koskivaara and E .  Te l lervo Valtonen 
Department of B i o l ogy , Univers i ty of Jyvaskyl a ,  
Finl and 

Dactylogyrus -communities on the gi l l s  o f  2 9 3  roach 
were studied in three interconnected lakes in 
Central Finl and between February 1 9 8 8  and Apri l  
1 9 8 9 . The water qual ity o f  the l akes d i f fers , but 
the d i f ferences between the Dactylogyrus component 
communities are smal l . Nine Dactylogyrus species 
were found : D .  cruci fer , D .  nanus , D .  suec icus , � 
micracanthus , D .  s imi l i s , D .  cabal lero i , � 
fal l ax , D .  sphyrna , and D .  vi stulae . D .  cruc i fer 
and D .  nanus were cons idered as core species . � 
sphyrna and D .  vi stul ae were rare satel l ite 
species whi ch were not used for further studi es , 
and the rema in ing f ive were secondary speci es . Al l 
seven Dactylogyrys species studied showed 
s i gn i f ic ant spec ies spec i f i c  preferences for 
certain g i l l -arches . Due to the pronounced 
seasonal i ty of these spec ies the months of May and 
June with the highest speci es divers ity and 
abundance , were used for analysing i nterspec i f i c  
relationships . It  could b e  seen that , a l though 
changing abundances had some effect on niche 
breadth , the occurrence of other spec ies was a l s o  
signi fi cant , i ndicating interaction between some 
species . The l imiting ef fect of some speci es , most 
probabl y  D .  s imi l i s , on D .  micracanthus was most 
obvious . It was also evident that the overlap 
between some spec ies was lower when species 
abundances were higher , indicating concurrence 
during peak abundances . 
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ON T H E  S PREAD O F  G YR O DA C T YL US S A LA R IS 
MALMB ERG, 1957 AND G. DERJAVINI MIKAIL OV, 1975 
(MONOGENEA) IN SWEDISH SALMON RIVERS 

Goran Malmberg 
Swedish Museum of Natural History and Department of Zoology, 
University of Stockholm, Stockholm, Sweden 

Since 1988,  Baltic and Atlantic strains of salmon and brown trout in 
Swedish rivers have been investigated for species of Gyrodactylus. Until 
May 1 99 1 ,  G. salaris Malmberg, 1957 was found on salmon parrs in 2 
out of 8 rivers in the Baltic region and in 2 out 5 rivers in the Atlantic 
region. Corresponding figures for G. derjavini Mikailov, 1975 :  on brown 
trout parrs were 3 out of 7 and 3 out of 4 rivers respectively. A more 
northerly distribution area limit for G. salaris than for G. derjavini is 
assumed. Different areas of distribution and different macroenvironments 
may explain the absence of Gyrodactylus species in certain rivers. 
However, an unevan distribution of the two species in Sweden may have 
arisen from an earlier spread to new areas by stocking rivers, by fish 
transports and by infected water from fish farms with salmonids, including 
the rainbow trout. Two salmon smolts from one river (Atlantic region) had 
approximatly 1 00 and 600 G. salaris specimens respectively, while other 
smolt specimens were uninfected or contained one or two, up to 60 worms. 
An increased infestation intensity during springtime in older parr 
specimens, especiallally smolts is assumed. Migrating smolts and 
"precocious males" are assumed to be responsible for the effective spread 
of G. salaris throughout a river. In two rivers in the Baltic region and one 
river in the Atlantic region G .  derjavini was present on salmon parrs. 
Possibly this "wrong" host" has been temporarily utilized as a transport 
host for further spreading among brown trout parr specimens. Similarly, 
the rainbow trout, but not the brown trout, can be utilized for the spread of 
G. salaris among salmon parr specimens. 

69 



PARASITE IN FECTIONS OF TH REE-S P I N E D  STICKLE BAC K 
(G. aculeatus) I N  A SU BARCTIC LAKE 

Anne Mette Hope and Arne Skorping 
University of Tro ms0 
Institute of Biology and Geology 

Lake Takvan net in Trams, Northern Norway, is an 
ol igotrophic, d imictic lake with a dense population of arctic char 
( S. a/pinus) . 
The lake is also i n habited by three-spi ned stickleback ( G. aculea­
tus) and a smal l  population of trout (S. trutta) . 

Before 1 984, the char population was de nse, stu nted and 
heavy parasitized. Si nce 1 984 an i ntensive fish i ng programme 
has been carried out. 
Expected effects (among others) were 
1 )  reduced competit ion for food and consequently bette r g rowth 
2) a dietary shift based on less copepodes and more 
cladocerans/be nth ic prey. 

This dietary shift was expected to reduce some of the parasite 
i nfecti ons,  si nce copepodes are i ntermediate hosts to seve ral of 
the parasites occuri ng in the lake.  Diphyllobothrium are one of 
the dominating genera. However, th is reducti on has been difficu lt 
to detect, and it is  hypothesized that three-spi ned stickleback 
may m aintai n the transm ission-rates of al logenic char parasites 
l ike Diphyllobothrium spp. 

To study the i mportance of stickleback i n  parasite transmi ssio n ,  
samples o f  G. aculeatus were col lected i n  plexiglass traps o nce 
a month during the ice-free seaso n.  In the lab, length, weig ht, sex 
and macroparasites were registe red. 

The results show that the stickleback in L. Takvan net harbours 
most of the parasite species also fou nd i n  the char. 
Diphyllobothrium spp. ,  especial ly D. ditremum, is dominating the 
parasite fau na together with Schistocephalus solidus, and it is  
suggested that the combination of these two parasite species 
may cause some of the heavy i nfections of Diphyllobothrium 
see n i n  the biggest char. The results also i ndicate that the 
stickleback in L. Takvannet may function as a "reservoir" host fo r 
parasite species common to both stickleback and char. 
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ON SOME PARASITES OF SALMONI DS FROM A TARN IN 
WESTERN NORWAY 

Glenn A. Bristow & Bj0rn Berland 
Zoologisk laboratorium,  Universitetet i Bergen, Bergen, Norway 

Introduction. Parasites of wild salmonids in Norway are poorly 
understood both from an epidemiologic and population 
perspective. As part of recent research we have examined a 
small mountain lake, Vengsvatn in Fusa, Hordaland, Norway 
with respect to both ecto- and endoparasites . 
Material and Methods. 49 trout (Salmo trutta) and 30 charr 
(Salvel inus alpinus) were taken by gi l l  net. Blood samples were 
taken from those fish sti ll living.  The fish were weighed, sexed, 
individually bagged and taken on ice to the laboratory for 
examination .  
Results and Discussion. The fol lowing parasites were found 
in their respective hosts . 
Trout: Euboth rium crassum (65%) ; Diohvllobothrium 
dendriticum (49%) ; Crepidostomum sp.  (35%) ; Eustrongyloides 
sp.  (06%) ; Haemohormidium sp.  (43%) . 
Charr: Eubothtri um salvel ini  (03%) ; Diohvllobothrium 
dendriticum plerocercoids (40%) ; Proteocephalus sp. (97%) ; 
Crepidostomum sp.  ( 1  0%) ; Salminocola edwardsi i  (53%) . 

Of the five helminths, single copepod and single 
piroplasmid species found here, only two, the cestode D.  
dendriticum and the trematode Crepidostomum sp. ,  were 
shared by both the trout and charr. The piroplasmid,  
Haemohormid ium sp.  is  a first record in  salmonids and is  
probably a new species .  

7 1  



STUDIES ON THE POSSIBLE M IGRATION OF ANI SAK I S  S I MPLEX LARVAE 
FROM THE V I SCERA I NTO THE FLESH OF THE HERRI NG , CLUPEA HA­
RENGUS , AFTER CAPTURE . 

Allan Roep s torf f * , Hans Henrik Hus s *  and Susanne Drewe s * *  
* Technolog ical Laboratory ,  Ministry o f  F isheries , Denmark 
* * Nordlab , Skagen ,  Denmark 

Obj ective . Ear lier exam inations ( Smith , J . W .  & R .  Wootten , 
197 5 . I n t . J .  Para s it . ,  5 ,  1 3 3 - 1 3 6 ; Smith , J . W . , 1984 . I nt . J .  
Parasit . ,  1 4 , 4 9 1 - 4 9 5 ) h ave shown that a s ig n i f icant part o f  
Anisakis larvae after capture of t h e  hosts migrate from the 
body cavity into the f lesh of fatty species , including her­
r ing , while this migrat ion do not occur in lean species .  As 
preliminary Dan i s h  examinat ions have failed to show such m i ­
gration i n  the herring , the present exper iment was carried out 
to reevaluate the phenomenon . 
Methods . I n  1990 two ident ical trials were carr ied out on 
spring ( 2 . 5% fat ) and s ummer ( 1 4 . 6% fa t )  herrings f rom the 
North Sea . On a purse s e ine ves s e l  the herr ings were immed i­
ately p laced in e ither refr igerated sea water/chi l led sea wa­
ter ( - 1 . 0 - 0 ° C } , on ice ( 0 ° C } , in 1 0 ° C  sea water or in 1 0 ° C  
sea water for 1 2  hr , whereafter they were cooled o n  ice ( 0 ° C ) . 
Immediately after capture and after 1 t  and 5 t  days of s torage , 
the herrings were divided i nto 3 fractions : the f i l let s , the 
belly flap s  ( th e  surroundings of the body cavity , repre sent i ng 
what i s  be ing d i sc arded commercia l ly ) , and the viscera . The s e  
fractions were s eperat e ly digested i n  peps i n -HCl . 
Results . The over a l l  p revalence of Anisakis- larvae was 90% and 
92% in the w inter and summer trial , respect ive ly . The abundan­
ce was 8 . 5  and 6 . 6  larvae per herring , in the two trials re­
spect ive ly , and the i ndividual worm burden s  were s trongly 
overdispersed ( range 0 - 7 5 ) . 
The abundance of larvae in the f i llets was 0 . 06 and 0 . 09 lar­
vae per herring immediately after c apture , in the two trials 
respectively , while the corresponding values of the bel ly 
f laps were 0 . 19 and 0 . 24 larvae per herring . Irrespective of 
season , storage conditions and duration o f  s torage , there was 
no s igni f icant increase ( and not even a tendency for any in­
creas e ) i n  the number of larvae in the f i l le t s  or in the belly 
f laps . 
Conclusion . The pre sent study shows that An i saki s - larvae are 
very common in the North Sea herring s , that few of the larvae 
are present in the f i l lets already at capture , and tha t no 
s ignif icant migration of larvae from the v iscera into the 
f i l let s take p lace after capture , irrespective of s torage 
condit ions of the herrings and fat content of the f le s h . 
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A PRELIMINARY STUDY: INFECTION OF PSEUDOTERRANOVA 

DECIPIENS IN DIFFERENT FISH SPECIES. 

Tor j ensen & Karin Andersen 

Zoological Museum, University of Oslo, Norway 

A total of twenty marine fish species were examined for 'sealworm' 

Pseudoterranova decipiens. The fish were collected in the Oslofjord in 

1 985/86 and in 1 990/9 1 ,  and form Vega (northern Norway) in 1 990/9 1 .  In 

the Oslofjord only common seals (Phoca vitulina) are present, at Vega 

both common seal and grey seal (Halichoerus grypus) are present. 

In the Oslofjord sculpin (Myoxocephalus scorpius) and Atlantic cod 

( Gadus morhua) are the most heavily infected fish species. Nearly 95 % 

of the sculpins were infected, some specimens had up to 300 P. decipiens 

in the flesh. The abundance of P. decipiens in cod was much more 

variable than in sculpins. 

In Vega area, tusk (Brosme brosme), sculpin and cod had the highest 

worm burdens. Tusk was haviest infected species. 

The data is analysed to link infection levels in fish to the local 

abundance of seals and the distance between fish samples and seal haul 

out sites. 
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Macroparasites of cod, Gadus morhua: the effect of caging on 

infection rates of parasites transmitted by food and by freeliving 

transmission stages.  

In cod fed artifically, food-transmitted, heteroxenous parasites would be expected to 

decline. Parasites transmitted by free-living transmission stages, however, should 

increase since caged fish are less mobile and in denser populations. This hypothesis 

was tested by a longitudinal epidemiological study comparing infection levels of 

macroparasites in caged cod and in "natural" wild cod. 

A total number of 1000 cod were caught in Altafjord, North Norway and transferred to 

a cage (85 m3) at Finnmark Research Center. During a period of two years, every third 

month 40 fish were sampled at random from the cage and examined for macro­

parasites. For one year parallel samples were taken from the wild fish-stock within the 

same area. 

The experiment is still running, and here we report preliminary results for ascaroid 

larval nematodes (food-transmitted) and Cryptocotyle lingua (transmitted by free-living 

stages). In natural cod populations the intensities of ascaroid nematodes are reported to 

increase with fish size. No such increase was observed in caged fish. It is suggested 

that this may be explained by very low mortality rates of these nematodes and a 

decline in the transmission of infective stages due to artifically feeding. Cryptocotyle 
lingua showed a significant increase in mean intensity among the caged fish. So far, 

the hypothesis of the effect of caging on transmission rates is therefore confirmed. 
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Raphidascari s  acus larvae in roach ( Ruti lus rut i ­
lus ) from Central Finland : occurrence , seasona l i ty 
and histopathology 

E . T .  Val tonen , A .  Haaparanta , & R .  Hoffmann* 
Department of Biology , Univers ity of Jyvaskyla , 
Finland 
*Ti erarz t l i che Fakultat der Universitat Munchen , 
Germany 

The prevalence of Raphidascaris acus larvae in the 
inner organs of roach varied between 1 9  and 6 3  % 
in f our lakes studied between September 1 9 8 5  and 
August 1 9 8 6  in Central Finland . The highest infec­
tions were f ound in the pol luted and the two eut­
rophi c  lakes ( 6 3 ,  4 2  and 3 8  % ,  respectively ) ,  
whi le in the o l igotrophic lake the prevalence was 
19 % .  

Distinct seasonal variation was found in three of 
the lakes , the highest va lues being found in late 
autumn and early spring , and the lowest in Apr i l ­
June . The seasonal variation may b e  expla ined by 
the increased response of f i sh against these nema­
tode larvae in late spring and early summer . Thi s 
i s  indicated by the histopathological changes ; 
inf i l trati on o f  di f ferent white blood ce l l s  and 
f i brocytes and f orming of typical parasitic granu­
loma around many dying and dead R .  acus larvae 
espec i a l ly in the l iver and the pancreas of roach . 
This in turn suggests that the roach i s  not the 
most favoured second intermediate host of R .  acus . 

R .  acus .larvae were als o found in the intestine of 
roach throughout the year in  a l l  of the lakes ( the 
prevalence varied between 2 3  and 4 2  % ) . No clear 
seasonal variation was found , indicating a con­
tinuous recruitment of  worms . 
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A S IMPLE AND RAPID STAINING TECHNIQUE FOR SOME 
COMMON FISH PARASITES. 

Arne Levsen & Bj0rn Berland 
Zoologisk laboratorium,  Un iversitetet i Bergen, Bergen, Norway 

Introduction. When clearing and/or mounting very small and 
del icate nematodes it  is common to stain them l ightly - cotton 
blue being recommended in the l iterature - in order to see 
them. One of us (BB) has for years used a textile dye (Dylon 
1 1Mexican Red11 cold water dye, DYLON international, London,  
GB)  for this purpose to stain nematodes and crustaceans; a 
few grains are added to the fixative or clearing medium. One 
of us (AL) hns successfully tried this method, sl ightly modified , 
on monogeneans. 
Procedure. Freshly collected gyrodactyl ids are placed for a 
period of 1 5-30 min .  i n  3o % ethanol to which a few gra ins of 
the Dylon stain  are added. They are then cleared and studied 
in lactophenol,  and may be mounted in  g lycerol jelly. 
Results. In Gyrodactylus spp. specimens, from both fresh­
water and marine fishes, some taxonomically important 
structures in  the opisthaptor - ventral bar, ventral bar 
processes , proximal folds on anchor roots and ventral bar 
membrane - sta in  metachromatically in different shades of red . 
The anchor shafts, anchor points and the marginal hooks do 
apparently not absorb the dye. However, the latter structures 
too are clearly seen by ordinary l ight microscopy in specimens 
mounted temporarily in  lactophenol . 
The same stain  technique has also been sucessfully employed 
for other monogeneans, such as Entobdella h ippoglossi and 
Kuhnia scombri, and various parasitic copepods. 
Conclusion. Textile dyes may be used for stain ing parasitic 
helminths and crustaceans. 
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PEPTIDERGIC INNERVATION OF SENSORY STRUCTURES IN 
NEMATODES 

Marianne Wikgren and Hans-Peter Fagerholm 
Department of Biology, Abo Akademi University, Abo, Finland 

The presence of neuropeptides in nerves of the sensory structures in 
two species of parasitic nematodes, Ascaris suum (order Ascaridida, 
family Ascarididae) and Cystidicola farionis (Order Spirurida, family 
Cystidicolidae), was studied. Immunocytochemical methods were used 
for localization of FMRF-amide-like neuropeptides in the nervous 
system. In this preliminary study, immunoreactivity to FMRF-amide, 
RF-amide, and the related neuropeptide SALMF-amide was detected 
in the central nervous system of the species studied, and also in the 
cephalic papillary nerves, in axons of the amphids, and in nerves 
innervating caudal papillae. Because of the systematic and taxonomic 
importance recently attributed to caudal structures in male worms of 
the superfamily Ascaridoidea, it is of interest to define the 
morphological and functional aspects of the innervation of the caudal 
sensory structures, and to study possible differences between various 
nematode groups. 
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HAEMATOLOGICAL RESPONSES OF THE EUROPEAN EEL (ANGUIUA 

ANGUILLA) PARASITIZED B Y  THE SWIMBLADDER NEMATODE 

ANGUIUICOLA CRASSA IN A THERMAL EFFLUENT. 

Johan Hoglund*, Jan Andersson** and Jan Hiirdig* 
*The National Veterinary Institute, S-750 07 Uppsala, Sweden 
**Swedis�.National Environmental Protection Agency, Coastal Laboratory, 
S-740 71 Oregrund, Sweden. 

Haematological responses in the European eel, Anguilla anguilla, infected with the 

blood feeding nematode Anguillicola crassa have been studied in an area of the 

Baltic receiving thermal discharges from a nuclear power station. The following 

haematological parameters:  erytrocyte count (B-EPK), haematocrit (B-EVF), 

leucocrit (B-LVF), haemoglobin concentration (Hb), mean corpuscular volyme 

(MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin 

concentration (MCHC) and differential counts of blood smears, were studied both 

in relation to intensity of infection (number of parasites per host) and parasitization 

index (weight of parasites per host in relation to the weigth of the host). The 

haematoiogical parameters of the infected fish indicate anaemic changes 

characterised by a reduction haemoglobin content, total erytrocyte count, mean 

corpuscular haemoglobin and mean corpuscular haemoglobin concentration. An 

increase in leucocrit was also noted in infected fish. No consistent effects were 

observed in haematocrit values and mean corpuscular haemoglobin. It is  

concluded that measurement of the haemoblobin concentration is a rapid and 

sensitive test in order to monitor anemic responses in the European eel infected by 

Anguillicola crassa in the wild 
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EXPERIMENTAL STUDIES ON THE SALINITY TOLERANCE OF 
GYRODACTYLUS SALARI S  MALMBERG , 1 9 5 7  ( MONOGENEA) 

Arnul f  Soleng and Tor A .  Bakke 
Zoo logical Museum , University of Oslo , Sars gt . 1 ,  
N-0 5 6 2  Oslo 5 ,  Norway 

Obj ect ive . A pos s ible route for Gyrodactylus 
salar i s  dispersal is via migration of infected 
f ish through brackish water . Some pre l iminary 
results from a study on the sal inity tolerance o f  
G .  s a laris infecting Sa lmo sa lar parr are 
presented . 
Methods .  The G .  salaris stra in used orig inated 
from the r iver , Lierel va . The hatchery reared � 
sa lar ( 1+ , unfed , d im i l luminat ion , mean we ight 
3 . 0g ( 0 . 6 - 6 . 3 ) ; mean length 6 . 6cm ( 4 . 4 -8 . 6 ) )  
originated from Lierelva . F i ltered seawater was 
d i luted with dechlorinated laboratory water , and 
measured by an YSI 33 sal inometer . Twe lve 
l aboratory infected s .  salar were individua l ly 
isolated in aerated grey plastic boxes ( 9x 1 2 x 1 2  em 
water leve l )  at di f ferent sal inities ( 0 . 0 ,  5 . 0 ,  
7 . 5 ,  1 o . oo ; oo )  and temperatures ( 6oc ,  1 2 oc ) . � 
salar i s  counts were made on anaesthet i zed ( 2  min 
in 0 . 0 4 %  Chlorbutano l )  f ish .  
Result s .  The mean extinction time ( 5 0 % )  of the � 
salar i s  infrapopulations in 1 o o; oo was ca . 2 9h at 
1 2 °C ,  and ca . 5 5h at 6°C ( direct transfer from 
freshwater ) .  The max . survival time of 
infrapopulat ions at 6°C  was twice as long as at 
1 2 oc ( ca .  1 2 0 / 6 0h ) . The mean extinction time in 
7 . s o ; oo was ca . 4 1h at 1 2 °c , and ca . 9 5h at 6°C . 
The max . surviva l t ime at 1 2 °c was 5 4  days ( 6°C i s  
sti l l  under study ) . The infrapopulational growth 
rate in 5 ° / oo equa l l ed freshwater at both 6 and 
1 2 °C . The surviva l t ime of G .  salaris populations 
was inversly proport ional to temperature . 
conc lus ion . Gyrodactylus salaris infrapopulation s  
can survive f o r  days i n  1 0 ° / oo and for months i n  
7 . 5 ° / oo .  Although there is decreased viab i l ity of 
G .  salar i s  i n  saline water , a potential for 
dispersal through brackish water is present , 
e spec i a l ly at low temperatures . 
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AN OUTBREAK OF TRICHINOSIS IN LEBANON 

Lars Olaison* and Inger Ljungstrom** 
*Ostra Hospital, University of Goteborg, Goteborg, Sweden 
**National Bacteriological Laboratory, Stockholm, Sweden 

In 1982 in south Lebanon, an outbreak of trichinosis occurred 
in an area consisting of four villages, in all including 6440 

persons. In 252 families, involving 23 18 persons, typical clini­
cal signs of Trichinella spiralis infection could be recognized 
among family members. Twenty-one of these families, in­
cluding 194 persons, were randomly choosen for further 
studies during the outbreak. Nearly half of the family mem­
bers (46%) had clinical symptoms consistent with acute 
trichinosis. 
12/16 tested persons had high anti-Trichinella antibody titres 
(IFA positive in 12/16 and ELISA in 11/16). Class-specific anti­
bodies, IFA-IgG, IgM and IgA, were detected in most tested 
cases. Of the remaining 4 seronegative cases 3 had a duration 
of clinical symptoms < 12 days. High peripheral eosinophilic 
counts (> 20%) were noted in 8/16 cases. In total 15/16 cases 
were positive in any of these tests. Control serum samples 
from other Lebaneses and from United Nations staff were 
antibody positive in 6/130 (4.6%), of these 5/67 (7 .5%) were from 
Lebanese persons. 
The total number of infected persons could be calculated to be 
around 1000 persons. The cause of this outbreak could be 
attributed to consumption of raw pork meat, which is an 
ingredient of "Kebbeh Nayyeh" - a favourite Lebanese dish. 
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FUCHSIN POS ITIVE CRYPTOSPORIDIUM PARVUM OOCYSTS ARE 
FREE OF INTACT SPOROZOITES. 

Gregoire Cozon, Dominique Cannella, Michele J eannin, Fran<;:ois Biron, 
Marie Antoinette Piens and Jean Pierre Revillard. 
INSERM U80, CNRS UA 1 177, Universite C. Bernard LYON 1 
Hopital E. Herriot 69437 Lyon CEDEX 03 FRANCE. 

Obj ective. To stain infectious sporozoites within oocysts .  
Cryptosporidium parvum is a protozoan responsible of  chronic disease in 
congenital or acquired immunodeficient patients . Acid fast staining with 
carbolfuchsin is the most usual method to reveal the parasite; however 
immunofluorescence staining gives better results. As regard to the number 
of oocysts, infectious inoculum has been reported to vary from 104 to 2 x 
1 07 .  
Methods. Specimen o f  faeces were col lected from 3 infected p atients 
(AIDS patients) and one experimentally infected lamb (Dr M. Naciri INRA 
Tours France). Faeces were preserved in 2.5 % potassium dichromate and 
stored at 4° C. for 0.5 to 3 months. Ether extracted faeces were concentrated 
by saccharose gradient. A smear of washed supernatant was air dried on a 
slide, then fixed in methanol. Fuchsin staining was applied for 30 min then 
5 %  sulphuric acid for 20 sec. After washing with water, specific fluorescein 
conjugated monoclonal antibodies (FITC-mAbs) ( Diagnostic Pasteur 
France) were incubated for 30 min. After washing, 1 0  � I  of propidium 
iodide (PI )  ( l OO�g/ml)  was added before mounting s l ides in glycerine. 
S l ides were analysed by opti.cal and fluorescence microscopy : 
Re ·u Jts. Only 5 %  of dichromate preserved oocysts were fuchsin stained 
wh i le a J l  the oocysts were stained with FITC-mAbs. Treatment with 1 0 %  
fonnalin or 0.5 %  sodium hypochlorite incubation increased the proporti.on 
of fuchsin positive oocysts up to 90% with sodium hypoch lorite for 2 
hours. Sporozoites could be stained with PI  after excystation. Ethanol fixed 
oocysts stained w ith PI showed four spots within the oocysts. By 
combination of the 3 staining procedures we showed that fuchsin positive 
oocysts are free of intact sporozoites with a pale homogenous PI staining. 
Negative fuchsin oocysts are either empty of sporozoits or full of 4 intact 
sporozoites. 
Conclusion. A s imple method to visualize intact sporozoits within 
Cryprosporidium parvum oocysts has been developed. This method will be 
useful to appreciate infectiousness of oocysts before culture or animal model 
infestation. We therefore assumed that sodium hypochlorite increased non 
infectious oocysts. On the other hand, for parasitological diagnosis, faeces 
will have to be fonnalin preserved to increased positive detection with acid 
fast staining. 
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T RY P A N O S O M E  k D N A- B I N D I N G  P R OT E I N S  A S  P O SS I B L E  
TAR G ETS FOR D R U GS (SSP XV) 

lvor Tittawel l a ,  l nst. for Cell- and Molecular Biology, Un ivers ity of 
UmeA, S-90 1 87 Umea, Sweden 

O bj ective : To i d e nt ify prote i n s  ass oc i ated with t h e  s i n g l e  
m itochond rion (k inetoplast) o f  trypanosom at ids w i t h  a v iew to 
inactivating them with d rugs.  

I ntrodu ction:  The u n iq u e  s i ngle m itoch ond rion (k inetoplast) of 
trypanosomes contains some 30% of the cel l's DNA in a network of 
thousands of c aten ated r ings.  The network is h igh ly  structured , its 
d i v i s i on is contro l l ed str ingent ly ,  and k inetopl ast DNA (kDNA) 
transcri pts are precisely and extens ively ed ited to restore proper 
translational read i n g  fram e. It is accepted t h at all these fu nct ions 
require proteins,  but reports of such proteins are very few. 

Results : We reported a c lass of proteins,  from the trypanosomatid 
parasite Crithidia fasciculata , which aggregated exogenous kDNA 
preferentially in  an in vitro assay (Tittawel la,  I .  1 990. FEBS Lett. 
260, 57-6 1 ) . We recently found that these p roteins copurify with an 
endogenous kDNA component and th at they protect parts of the 
copurifying kDNA from DNase attack.  We h ave defined a 25 kD protein 
responsible for this aggregation/protection of kDNA. We propose that 
the prote in m ay be involved in maintain i ng the vital arch itecture of the 
kDNA network and/or in  network replication . The prote in's abi l ity to 
preferential ly retard kDNA in agarose gel e lectrophores is offers a 
conve n i ent ass ay for scre e n i n g  for d rugs t h at would prevent 
aggregation. 
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INDUCTION OF ANTI-SECRETORY FACTOR IN MICE BY A NON­
INTESTINAL PARASITIC INFECTION- SCHISTOSOMIASIS MANSON!. 

Lars-Ake Nilsson, Stefan Lange and lvar Lonnroth 
Department of Medical Microbiology and Immunology, University of Goteborg, 
Sweden 

Objective. A group of proteins, known as antisecretory factors (ASF), have recently 
been described and characterized in humans, pigs and rats. These proteins, probably 
being synthesized in and released from the central nervous system, counteract the 
intestinal hypersecretion induced by e.g.  cholera toxin. It has also been shown that 
intestinal challenge with e.g. cholera toxin induces the production of ASF in the 
central nervous system, resulting in elevated levels of ASF in the pituitary gland and 
in the blood. Since induction of ASF is not confined to intestinal bacterial infections 
but has been shown to occur during infection with the intestinal parasite Entamoeba 

histolytica it was considered to be of interest to study the possible induction of ASF 
also during other parasitic infections. As a model system we chose mice experimen­
tally infected with the blood helminth S. mansoni. 

Method. Swiss mice were infected percutaneously with 150 cercariae of S. mansoni. 

Groups of three mice were killed at 6h, 1, 7, 14, 2 1 ,  28, 35, 42, 49 and 56 days 
after infection. Blood and pituitary glands were collected and ASF was prepared from 
these materials using affinity chromatography on Sepharose 6B followed by elution 
with 1 M methyl-alfa-D-glucoside. The antisecretory activity was tested in rats by iv 
injection of the isolated test material 30 seconds before challenge with 2 Jlg cholera 
toxin into a ligated intestinal loop. After 5 h the accumulated fluid secretion was 
measured and antisecretory activity was expressed as per cent inhibition of the 
secretion induced by cholera toxin. 
Results. Mice infected with S. mansoni had increased ASF levels in both blood and 
pituitary gland in contrast to uninfected control mice which did not display any 
significant anti secretory activity. The pituitary gland, but not the blood ASF level, 
was increased already 6 h after infection. Both levels increased successively during 
day one and day three and then declined to low levels after one week. Two peaks 
were then noted during the period between four and eight weeks after infection when 
the experiment was terminated . 
Conclusion. The results show that ASF is induced in mice after infection with 
S. mansoni. The blood ASF levels noted during certain phases of the infection were 
probably high enough to be protective against enterotoxin induced diarrhoea. Peak 
levels of ASF were noted during the skin phase and when the parasites were 
established in the portal system, entering the phase of oviposition. The biological 
significance of the present fmdings are still unclear but it may be speculated that a 
possible lower mortality due to lower sensitivity of the host to enterotoxic diarrhoea 
should also favor the survival of the parasite and therefor constitute one of the factors 
in the complex host-parasite relationship. Another possibility is that the ASF 
response is part of an acute or chronic inflammatory reaction as suggested by the 
coincidence in time between ASF peaks on the one hand and the migration of 
schistosomulae in the skin and excretion of parasite eggs into the intestinal lumen 
respectively, on the other. 
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PROTO ZOA AS POTENT I A L  RESERVO I R S  AND VECTORS OF MAMMALIAN 

MYCOP LASMAS AND V I RUSES 

Juri Te ras , Inna Kazakova , Le i d a  Kesa 
Protozoology Dep ar tmen t o f  the Experimental Biology I n s t i ­
tu te o f  t h e  Eston i an Acad emy of Science s ,  T a l l inn , Es ton ia 

Objectives . The fac t that many species o f  p ro tozoa , i n c l u d ­
i n g  paras i tes , c an h ave many d i fferen t k i n d s  o f  e n do - and 
e c tobionts , has a l r e ady b e e n  known for a long time b u t  u p  
t o  n o w  o rgan isms l i ving o n  a n d  in p ro tozoa have mos tly a t ­
trac t e d  t h e  a t t e n t i on o f  b i o l ogi s ts . Howeve r , during the re ­
cent years in ad d i t ion to p ro tozoologi s ts - b i o l og i s ts also 
m e d i c a l  doc tors and v e t e rinarian s  have shown greater i n te r ­
e s t  i n  t h i s  problem b e c ause s ome we l l - known mammal ian p a tho­
gens have been found to act as endobionts o f  p ro tozoa w h i c h  
via h o s t s  may be t r an sm i t ted to animal organ i sms or change 
i ts h o s t ' s  b i o logical p ro p e r t ie s , i nc lu d i ng p a thoge n i c i ty . 
Methods and Results . In favour of b o t h  variants te s t i fy the 
resul ts ob tained i n  our departmen t .  By e l e c tron m i c roscopy 
we have repeate d l y  d e t e c ted that mammal i an myc o p lasmas may 
pene t ra te i n to the c e l l  of T r i c homonas vagin a l i s  where they 
can p e rs i s t  ove r a l ong pe riod of time . Acc ording to li tera­
ture ( Pindak , F . F .  e t  al . 1 989 . Geni tourin . Med . , 65 , 3 6 6 -
3 7 1 ) the s ame s p e c i e s  of p ro tozoa may a l s o  acqu i re gen i tal 
herpes s im p l e x  v i ru s  whi c h  i s  de tec tab l e  i n  the cytop lasm 
of t r i c homonads for a t  l e a s t  s i x  d ays a f t e r  b e ing " fe d "  on 
human rhabdomyos arcoma c e l l s  ( RD )  i n fe c te d  wi th these 
v i ru s e s . Conv inc ing data have also been gathered in support 
o f  the hypo the s i s  abou t the role o f  free l i ving protozoa as 
r e s e rvoi rs and vec tors of mammal i an v i rus e s . U s i ng axeni c  
cul tures o f  Te trahymena pyriformis as a mod e l  i n  the inves­
tigation o f  protozoon - v i rus r e l a t i o n s h i p s  we could e s tab l i s h  
by v i ro l og i c a l  me thods that d e pending on t h e  type o f  vi rus 

t h i s  s p e c i e s  o f  free l i ving c i l i a te s  c an e i the r inac tivate 
v i ru s e s , b e  the i r  h o s t s  or remain i n d i ffe r e n t  to them . As 
to the v i ru s e s  s tu d i e d  by u s , T . p y r i fo rm i s  could inac t i vate 
besides human - type influenza v i rus also the swine - , seal­
and b i rd- types and remaine d i n d i ffe ren t to ECH0- 1 1 whe r e as 
Coxsackie B-5 v i rus c o u l d  pene t rate i n to the c � l l  of T . py­
ri formis and p e r s i s t  there . 
Conclusion . Many years of inve s tigation in t h i s  departmen t 
have convinced us that pro tozoa may be the v e c tors of many 
mammal i an v i ru s e s , among o thers a l s o  the v i ru s  of hepa t i ti s  
and H IV .  W e  have good reason t o  suppose t h a t  v i ru s e s  which 
have pene trated into p ro tozoa may cons i d e rab l y  change the 
b i o logical prope r t i e s  of i ts hos t , i n c l u d ing pa thogen i c i ty 
( re s p . v i rulence ) .  
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DIAGNOS I S  AND FREQUENCY OF T R I CHOMON I A S I S  OF THE RESPIRATOR Y 
TRACT OF MAN 

J u r i  Teras , Inna Kazakova 
Protozoology Departmen t o f  the Expe rimental Biology In s t i ­
t u t e  o f  t h e  Es ton i an Acad emy of Sc i e n c e s , T a l l i n n , Es ton i a  

Obj ectives . A s  more an d more o f ten one may come acros s data 

on find ings of t r i c homonads in cases o f  various pulmonary 
pathologies o f  man w h i c h  even end l e thal l y , we d e c i ded to 
find out the frequency of those p r o tozoa in cas e s  of i n f l am­
mations of the r e s p i r a tory trac t .  
Methods . The r e s e a rc h  mate r i al was taken d i re c tly f rom the 
b ronc h i  wi th the help o f  a b ronchoscop e  applying the me thods 
for d e termining the m i c roflora o f  b ronchi . For d e te c ti ng 
trichomonads we always u s e d  bephase e gg s e rum me d ium LSV - 2  
( Hal lmann , L .  1 9 5 3 . S t u t tgar t . Georg Thieme V e r l ag ) wi thou t 
the addi t i on of an t i b i o t i c s whe reas t h e  i n tens i ty o f  t r i c ho­
monads ' rep roduc tion was obse rved a t  3 7 °  du ring 1 0  days . 
Results . The mate r i al from the b ronchi o f  5 0 4  p a t i e n t s  was 
e xami n e d . T r i c homonad s we re d e t e c t e d  in 5 3 , i . e .  1 0 . 5  p e r  
c e n t  o f  the inve s t i ga ted p a t i e n t s  b u t  t h e  i s o l a t ion of the s e  
p rotozoa d i d  not de pend on the i r  occurrence i n  t h e  o r a l  ca­
v i ty , n e i t h e r  were they always s imu l tan e o u s l y  found i n  the 
s p u tum . In all the 5 3  c a s e s  t r i c homonads were d e te c ted by 
the c u l tu r e  me thod . The t r i ch omon i a s i s  of the r e s p i ratory 
tract c annot be d i agnosed by s e rological me thods be cause 
s pe c i fi c  an t i bod i e s  c an also be found in the b lood sera of 
those p a t i e n t s  who have t r i c homonads i n  the o ral c av i ty only 
Mos t  frequently t ri chomonad s we r e  d e tec t e d  i n  p a t i e n t s  w i t h  
c h ro n i c  pneumon i a , c h ron i c  b ron c h i t i s  and tube rc u l o s i s  o f  
t h e  l ungs ( 1 7 ,  1 8  a n d  1 0  c a s e s  r e s p e c t i v e l y ) .  
Conclusion . Al though the me re de tec t i on o f  t r i c homonads i n  
t h e  b ronc h i  d o e s  n o t  al low us to d raw far- reaching con c l u ­
s i ons abou t t h e  e t i ological r o l e  o f  t r i c homonads i n  pulmona­
ry patholog i e s  of man , we c an s t i l l  suppose t h a t  these pro­
tozoa may p l ay an impor tan t part i n  the p a thogene s i s  o f  in­
flamma tions of the r e s p i ratory trac t b e c au s e  tre atment wi t h  
me tron i d az o l e  l e a d s  t o  f u l l  or p a r t i a l  recove r y  of p a t i e n t s . 
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I NVOLVEMENT OF MHC PRODUCTS IN THE RES I STANCE AGAINS� 
EXPERIMENTAL CHAGAS D I SEASE . 

M .  E .  Rottenberg , D .  A .  Rodr iguez and A .  Orn ;  Dept . 
I mmuno logy , Karo l in ska I n st itute , Stockho l m ,  Swede n .  

The aim o f  the present study i s  t o  analyze the 
relevance o f  H-2 mo lecules in the contro l o f  paras ite l o ad 
during Trypanosoma cruzi i nfect ion . We measured the e f fect o f  

b iweekly i p  admini stration o f  lmg ant i  IAd mono c l on a l  
ant ibodi e s  ( mo- ab ) ( HB 3 ) on the r e s i st ance o f  BALB / c  m i c e  
against the infection with 2 0 0  bloodstream forms o f  T .  cruz i ,  
Tu l ahuen strain . Ant i- c l a s s  I I  treatment dramat i c a l l y  
increased t h e  s u s c ept i b i l ity of mice to t h e  paras ite , a s  
measured by paras itemia and mortal ity , when compared t o  m i c e  
treated with an irre levant mo-ab ( F9 - 5 3 ) o r  n o n  t reated 
contro l s . This treatment inhib ited the " infect ion dr iven" 
induct ion o f  c l a s s  I I  and I g  mo lecu l e s  i n  spleen and lymph 
node c e l l s  f rom mice at 13 dpi , but it did not alter the 
const itut ive expre s s ion o f  these surface molecu l e s  i n  
lymphoi d  c e l l s  f rom n o n  infected mice . Furthermore , ant i - IA 
adm i n i st ration resu lted in lower leve l s  of ant i-T . cru z i  I gM 
and I gG spe c i f ic ant ibodies .  Hosts chron i c a l l y  i nfected with 
T .  c ru z i  deve lop spec i f ic immune responses that confer 
r e s i stance to new acute i n f e c t ions and contr ibute t o  redu c e  
the number o f  c ircu l at ing parasites . T h e  presence o f  MHC­
restricted and unre stricted mechani sms operat ing during t he 
chron i c  phas e  of T .  cru z i  murine i nfect ion was studied in an 

adopt ive transfer mode l . 2 . 5  x 10 7 T- c e l l  enriched nylon 

woo l non adherent popu l at ions from spleens o f  BALB / c  ( H- 2 d ) 
mice c hronical ly i n fected with T .  cru z i  ( immune T-cel l s ) were 

iv trans ferred to syngene ic or to congenic BALB/B ( H- 2 b ) 
naive rec ipient s ,  which were cha l l enged with 2 00 b lood stream 
trypomast igote s  2 4 h  l ater . Tran s f er of immune T - c e l l s  
conferred protect ion t o  the MHC incompat ible congenic strain : 
A s ign i f i c ant de l ay in morta l ity and lower par a s item i a s  than 
non t r an s ferred or control ·counterpart s ( non transferred or 
tran s f erred with a l logene ic non- immune T c e l l s )  was observed . 
However , l ater dur i ng the in fect ion , the congenic rec ipient s 
d i s p l ayed higher sus cept ibil ity to the par a s ite as measured 
by mort a l ity and paras itemia 1"hen compared to the syngene ic 
rec ipient s o f  immune T cel l s .  BALB / c  rec ipient s d i s p l ayed 
h igher t iter of ant i-T . cru z i  I gG ,  than the non-trans ferred 
counterpart s , whereas protected BALB / B  al logeneic rec ipient s 
did not show an enhancement on ant ibody t iter in compar i so n  
to t h e i r  n o n  tran s f erred contro l s . 

Our dat a indic ate that the enhanced expre s s ion of I a  
mo lecu l e s  i s  re levant i n  the re s i stance o f  mice aga inst :L_ 
cru z i ,  and involved i n  the generation o f  a n  " ear l y "  spec i f ic 
ant ibody re spon s e . I n  a later phase of infect ion , we s how 
that both MHC restr icted as we l l  as unre str icted mechan isms 
are involved i n  the T-ce l l  mediated trans fer o f  protect ioP 
against Trypanosoma cruz i .  
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SOLUBLE IL-2 RECEPTOR I N  LE I SHMANIAS I S .  
H .  Goto , J . M .  Pas c a l e , P .  de Carre ira , R .  Chebabo & A .  Orn .  
Facul dade de Medicina da Univers idade de S ao Pau l o , Braz i l ; 
C I DE P ,  Facu l t ad de Medic ina , Univers idad de Panama , Panama & 
Department of Immuno logy , Karo l inska I n s t itute , Sweden . 

L e i s hman i as i s  are d i seases caused by protozoa o f  the genera 
L e i s hman i a . I n  the v i sceral l e i s hman i a s i s  ( VL ) , ant igen­
spec i f i c and non- spec i f ic immuno suppress ions are found . The 
under l y ing mec han ism i s  not we l l  known . I n  the cut aneo u s  
( CL )  and mucocutaneous l e i s hman i a s i s  ( MCL ) t h e  
immuno logical a lterat ions are relat ively mi l d .  W e  s earched 
for s o l ub l e  I L- 2  receptor ( s i L - 2 R )  i n  sera from 
l e i s hmanias i s  pat ients u s ing E L I SA test and we studied the 
re l at ionship between s iL-2R l eve l s  and CMI response in 
order t o  examine the pos s ib l e  role for s iL - 2 R  i n  
immunopathology o f  l e is hmania s i s . 
The leve l s  o f  s i L-2R ( U/ml ) were : a )  4 1 0 7  ± 5 0 4 0  ( mean ± 
SD ) in 2 2  VL ;  b )  1 3 8 2  ± 6 1 8  in 10 MCL ; c )  1 1 9 2  ± 5 5 5  in 1 5  
CL and d )  4 3 9  ±_ 1 1 0  in 5 normal contro l s .  Dug ing evo l ut io n  
o f  the disease in 1 1  V L  w e  found : 3 5 1 1  ± 3 3 4 6  b e fore 
beg inn ing of treatment , 3 0 2 3  ± 1 7 0 6  in the 2 nd .  week, 1 3 9 1  
± 4 4 7  i n  the 3 rd . week o f  treatment and 8 0 4  ± 3 3 3  one month 
after treatment . In 10 MCL we had 1 3 8 2  ± 618 be fore 
treatment and 1 1 3 4  ± 2 7 1  soon after treatment . 
I n  CL we observed a correl at ion between s iL-2R l evel and 
t ime of evolution o f  the d i sease wh ich was not seen e ither 
i n  VL or MCL . H igher leve l s  o f  s iL - 2 R  were observed in 
pat ients with recurrent forms o f  CL . In MCL t here were no 
corre l at ion between number of l e s ions , extension o f  
destru ct ion o f  mucosa and s iL-2R leve l . There were no 
evident immuno suppr e s s ion in CL but we found a corr e l at io n  
between h igher s i L - 2 R  level a n d  lower L .  {Vl oaname n s i s  
ant igen- i nduced lymphopro l i ferat ion i ndex . In VL ( 1 1  
pat ient s studied dur ing evo lution ) ,  we s aw t hat the PHA­
induced lymphocyte pro l i ferat ion were depres sed in most o f  
them independent o f  s iL - 2 R  leve l b e fore tre atment , but in 
the 2 nd .  and 3 rd .  week of treatment we observed lower 
response when s iL - 2 R  leve l were above 2 0 0 0  U/ml . 
In a b inding a s s ay de s igned to eva luate IL-2R expre s s ion 
u s ing CTLL c e l l s  and b iot iny lated I L- 2 , we observed 
increase of I L - 2  b inding when VL sera with h igh s i L - 2 R  
leve l were added . 
In d i f fe rent forms o f  l e i s hmanias i s  we observed high l eve l 
of s i L - 2 R  in sera t hat corre l ates to chron i c ity and 
systemic involvement . Further studies are ne cessary to 
under st and the impl ications of high leve l of s i L - 2 R  to the 
immuno l og ic a l  al terat ions in the l e i s hman i a s i s  and the 
s ign i f i cance of this increased bi nd ing o f  IL-2 in the 
pre sence of h igh s iL-2R l eve l . 
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IMMUNOLOGICAL CROSS-REACTIVITY BETWEEN A RECOMBINANT 
ANTIGEN OF ONCHOCERCA VOLVULUS AND THE RETINAL PIGMENT 
EPITHELIUM 

G abriele B raun, Viv i an Connor, Nicol McKechnie and 
David W. Taylor 
Department of P athology , University of  Cambridge,  UK . 

The aetiology of posterior segment eye disease associated with 
onchocerciasis  (causative agent Onchocerca volvulus) patients 
is unclear.  One hypothesis suggests that autoimmune responses 
result ing from cross -reactiv ity between O nchocerca vo lvu lus 
and eye tissue m ay be a contributary factor. 

Using a pool of human infecti on sera to screen a eDNA l ibrary 
constructed in l ambda gt l l using adult  0 .  volvulus mRNA, a 
rec o m b i n ant anti g e n ,  d e s i gnated O V 3 9 ,  has  been identifi e d .  
A n t i s e r u m  r a i s e d  a g a i n s t  t h e  r e c o m b i n a n t  an t i g e n  
immunoprecipitates a 22,000 Mr antigen from a n  homogenate o f  
adult  parasites and,  also recognises a 44,000 Mr component o f  
b o v i ne retinal  p igment ep ithel ium (RPE) in  Western blotting 
experiments.  A 44,000 Mr peptide i s  also precipitated from a 
triton X- 100 extract of cultured human RPE m etabol ical l y  
radio label led with s 3 5 -methionine .  A rabbit  anti serum raised 
against whole 0 .  volvulus extract also precipitated a 44,000 Mr 
human RPE antigen . 

T h e  antigen recognised by the anti -recombinant  serum w as 
l o c a l i sed w i th i n  the RPE by l i gh t  and e lectron m i c roscope 
i m m u n o - h i stochem i stry . S im i l ar experiments performed on 
0 n c h o c  e r c a  n o d u l e s  l o c a l i sed the corre s p o n d i n g  p arasite  
antigen in  the wall  of  the uterus.  Uterine m ic rofi l ari ae did not 
express this anti gen but new-born mi crofi lari ae did bind the 
a n t i - rec o m b i n an t  s e rum . 

I d e n t i fi c a t i o n  o f  
production of  the 
h y p o th e s i s  th at  
p athogen ic it y  o f  
p at i e n t s .  
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t h e se c r o s s - r e a c t i n g  a n t i g e n s  a n d  t h e  
reagents described should enable us t o  test the 

a u t o i m m u n i ty c o n t r i b u t e s  t o w ard s t h e  
e y e  d i s e ase s e e n  i n  s o m e  onchocerc i a s i s  



C E L L U L A R  R E S P O N S E S  O F  D B A / 2  M I C E TO P R I M A R Y , S U P E R I M PO S E D  A N D  
S E CO ND A R Y  I NFECT I ONS O F  T H E  B I L E D U C T  T A P E W O R M  H Y M E N O L E P I S  
M I CR O S T O M A . 

J 0 r n  A n d r e a s s e n , I n s t i t u t e  o f  P o p u l a t i o n B i o l o gy , 
U n i v e r s i t e t s p a r k e n  1 5 ,  D K - 2 1 0 0 C o p e n h a ge n , D e n m ar k . 

O b j e c t i ve s . T h e  pu r p o s e  o f  t h i s  s t u d y  w a s  t o  e l u c i d a t e  t h e  
d e v e l o p m e n t  o f  a p r i m ary , a s u p e r i m p o s e d  a n d  a s e c o n d a r y  
I n f e c t i o n o f  1 0  H .  m i c r o s t o m a  a n d  t h e e f f e c t s  o n  n u m b e r  o f  
p e r i t o n e a l e x u d a t e  c e l l s ( P EC ' s ) , b i l e  d u c t  d i a m e t e r  a n d  
we i g h t  o f  t h e  m e s e n t e r l a l  a n d  p o r t a l  l y mph n o d e s  < M L N  & P L N ) 
a n d  t h e s p l e e n  I n  I n b r e d  C5 - d e f i c i e n t  D B A / 2  m i c e . 
M e t h od s . T h i r t e e n  w e e k  o l d  m a l e  a n d  f e m a l e  D B A / 2  m i c e w e re 
e a c h  i n fe c t e d w i t h 1 0  c y s t i c erco i d s o f  H .  m i c r o s t o m a  a n d  
a u t o ps i e d a t  w e e k l y  i n t e r v a l s  u p  t o  1 3  w e e k s  p o s t  i n fe c t i o n 
( p . i .  ) .  F u r t h er m o re , o n e  g r o u p  o f  m i c e w e r e  t r e a t ed w i t h  a n  
an t h e l m i n t i c  4 w e e k s  a f t e r  a p r i m a r y  i n fe c t i o n a n d  e i t h e r  
fo l l o w e d  f o r  4 w e e k s  o r  re i n fe c t e d  u p  t o  8 w e e k s  a f t e r  
t r e a t m e n t . A n o t h e r  gro u p  o f  m i ce w e re g i v e n  a s u p e r i m p o s e d  
i n fe c t i on 1 ,  2 o r  4 w e e k s  a f t e r  a pr i m a r y  i n f e c t i on .  A t  
a u t o p s y , t h e n u m be r  a n d  w e i g h t  o f  w o r m s  p e r  m o u s e , t h e 
b i l e d u c t  d i a me t e r ,  t h e d r y  we i g h t s  o f  t h e M L N , P L N  a n d  s p l e e n  
a n d  t h e  n u m b e r  o f  P E C ' s  were m e a s u re d . 
R e s u l t s .  T h e  p r i m a r y  i n fe c t i o n o f  1 0  H .  m i c ro s t o m a  w a s  
e s t a b l i s h e d  a n d  pers i s t e d for 1 3  w e e k s  w i t h  a m e a n  o f  7 . 2  ± 
2 . 2  w o rms . T h e  m e a n  w o r m  we i g h t / m o u s e  i nc r e a s e d  t o  a b o u t  1 1  
mg d r y  we i g h t  a f t e r  3 w e e k s . T h e  m e a n  d i a m e t e r  o f  t h e b i l e  
d u c t  I n c r e a s e d  1 0 - 1 3  t i m e s  a f t e r  3 t o  5 w e e k s  t o  a b o u t  5 m m . 
T h e  d r y  w e i g h t  o f  t h e M L N  i nc r e a s e d  i n  t h e 2 n d - 4 t h w e e k  p . i .  
t o  n e a r l y  300� o f  t h e  s i z e i n  u n i n fe c t e d m i c e a n d  t h e P L N  i n  
t h e 2 n d  w e e k  t o  4 - 50 0 � . T h e  sp l e e n  i nc r e a s e d  a b o u t  1 0 0� 
d u r i n g  t h e 2 n d  w e e k  p . i . .  A n  a n t he l m i n t i c t re a t m e n t  w i t h  
P r a z i qu a n t e l  g i v e n  4 w e e k s  a f t e r  a p r i m a r y  i n f e c t i o n resu l t e d 
i n  a d r a m a t i c  d e c r e a s e  i n  b i l e  d u c t  d i a me t e r a n d  w e i g h t s  o f  
t h e M L N  a n d  t h e P L N , b u t  n o  d e c r e as e  i n  t h e n u m b e r  o f  PE C ' s  
o n e  w e e k  a f t e r  t r e a t me n t  was n o t e d . H o w e v e r , 2 w e e k s  a f t er 
t r e a t me n t  a l l p a r a m e t e r s  m e a s u r e d  w e r e  n e a r l y back t o  t h e 
l e v e l o f  u n l n fe c t e d  m i c e .  
W h e n  a s e c o n d a r y  i n fe c t i on w a s  g i v e n  1 ,  4 o r  8 w e e k s  a f t e r 
P r a z i q u a n t e l  t re a t m e n t , a h i g h  d e g r e e  o f  res i s t a n c e  w as 
a c h i e v e d  1 w e e k  a ft e r  t r e a t m e n t , b u t  r e s i s t a n c e  h a d  
d i s a p p e a r e d  8 w e e k s  a f t e r t re a t m e n t . 
M i c e  r e c e i v i ng a c o n c o m i t an t  ( s u p e r i m p o s e d ) i n fe c t i o n 2 or 4 
w e e k s  a f t e r a p r i m a r y  i n fe c t i o n a n d  a u t o p s i e d 1 w e e k  l at e r 
s h o w e d  a c o mp l e t e  r e s i s t a n c e  a g a i n s t  t h e  s u p e r i mposed 
i n fe c t i o n s , w h i l e  p r i m a r y  worms w e re s t i l l  p r e s e n t . 
C o n c l u s i o n s . I t  w a s  s h o w n  t h a t  D B A / 2  m i c e e x e r t  c o n c o m i t an t  
i mm u n i t y  w i t h  c o mp l e t e  r e s i s t a n c e  a g a i ns t  a s u pe r i mposed 
i n fe c t i o n 2 w e e k s  a f t er an i n fe c t i o n w i t h  1 0  H .  m i c r o s t o m a , 
w h i l e t h e p r i m a r y  i n fe c t i o n w a s  n o t  a f f e c t e d . A r e m o v a l o f  
t he p r i m a r y  i n f e c t i on b y  Pra z l q u a n t e l  r e s u l t e d  i n  a r e t u r n  t o  
n o r m a l l e v e l o f  p a r a m e t ers i n v e s t i g a t e d  w i t h i n  2 - 4 w e e k s  
a n d  i n  a n  i nc r e a s e  i n  e st a b l i s h m e n t  o f  a s e c o n d a r y  i n fe c t i o n .  
F u r t h e r  s t u d i e s a r e  n e e d e d  t o  f i n d o u t  w h i ch c e l l s  a r e  
i nv o l v e d  i n  t h e s h o r t - l i v e d  res i s t a n c e  a n d  w h y  l o n g - l i v e d  
r e s i s t a n c e  i s  n o t  s t i m u l a t e d .  
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A P R E LIM INARY R EPORT ON CH ARACTERIZATION OF THEILERIA 

HIRCI-INFECTED OVI N E  MONONUCLEAR CELL LINES 

Hooshmand-Rad ,  P.*,  Magnusson,  U . ** & Uggla, A.* 
Departments of *Cattle  and Sheep Diseases and **Obstetrics a n d  
Gynaecology, Swedish U n iversity o f  Ag ricul tural Sciences, Uppsala ,  
Sweden. 

O bj e ct i v e :  The tick-bo rne protozoan parasite Theileria hirci i n fects 
sheep and causes an acute disease with high morbidity and mortality. Ovine 
mononuclear cells infected and transformed by th is  parasite have been 
cu ltivated in vitro ( Hoosh m and- Rad, P.  & Hawa, N.J.  Trap. A n i m .  Hlth . 
P rod . 1 975, 7, 1 2 1 -1 22} ,  however, it is not known which g rou p{s) of 
cel ls  it prefers. Here we report the resu lts of work to phenotypical ly  
characterize three establ ished ovine mononuclear cell l ines infected by T. 
h i  rei. 
M e t h od s :  Surface antigens on ce l ls from three cell  l ines harbour ing ,  
respectively,  schizonts of  three different strain s  of T. hirci, i so lated i n  
I ran ,  were analysed. T h i s  was made by indirect immunofluorescence using 
a panel  of m u rine mo noclonal antibodies for detection of lymphocyte 
antigens (Mackay, C . R .  et al . Vet . lmmunol .  l m mu nopathol.  1 987, 1 7, 9 1 -
1 02) and rabbit anti-sheep lg ( Dakopatts , D e n m ark) for detection of 
surface lg .  
R e s u l ts : In  al l  three cel l  l ines,  more than 95% of the cel ls  expressed 
h i stocompatibi l ity class I I  (MHC I I )  antigens. None of the cell l ines ex­
pressed surface lg or the T cell antigens CD4, CDS or CD8. 
C o n c l u s i ons : This is the fi rst report on characterization of cel ls infected 
by T. hirci. It appears that the three cel l- l ines subjected to i nvestigation 
neither belo nged to B-cell  nor to T-ce l l  l i neages. Whether these ce l ls 
original ly possessed either B-cell or T -cells surface marker antigens but 
supressed the expression of them after being infected, or  if they entirely 
belonged to other mononuclear cells not searched for in our work, remains 
to be elucidated. The h igh proportion of cel ls expressing M HC I I  antigen 
cou ld be interpreted as that the parasite preferentially infects M H C  I I  
expressing ce l ls o r  that th is antigen is expressed after infectio n .  Thus,  
furth er  studies are needed to clarify i f  T. hirci modifies the anti g e n  
expression of mononuclear cel ls ,  or i f  i t  preferentially infects certain cel l  
type(s).  Such knowledge wi l l  be crucial i n  the development of efficient 
i m munization regimes, based on application of subunit  vaccines, against 
T. hirci. 
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TOTAL AND S PECIFIC IgE IN HUMANS WITH DIFFERENT 
DEGREES OF EXPOSURE TO S CHI STOSOMA MANSONI 

Mohamed Z .  S atti' , Peter Lind'* and Birgitte 
J .  Vennervald"' . 

'Medical Research Council , Sudan , "The Protein 
Laboratory ,  University of  Copenhagen and -Danish 

Bilharz iasis Laboratory . 
Total and speci f ic IgE were determined by ELI SA 

using human sera f rom a schistosomiasis endemic 
area in the Sudan . The fol l owing groups were 
investigated : Chronica l ly infected canal cl eaners 
( n= 18 ) , newly recru ited cleaners ( n=1 6 ) , normal l y  
exposed idiv idua l s , ma inly farmers ( n= 6 4 ) ,  school ­
chi ldren ( n=4 4 ) , Sudanese negative control ( n=4 4 )  
and an European negative control ( n= l O )  . Blood 
samples were collected at the same t ime as paras i ­
tolog ic al exam inations were performed . 

A sandwich E LI SA using monocl onal mouse ant i ­
human I g E  f o r  coating and HRP conj ugated rabbit 
anti -human I gE was  used f or the determination o f  
the total IgE . An indirect ELI SA was performed 
using soluble egg antigen of Schi stosoma mansoni 
for coat ing and HRP conj ugated rabb it anti -human 
IgE for the detection of spec i f ic IgE . 

Chronical ly infected canal cleaners had the hig­
hest geometric mean ( <xg> ) of  faecal eggsj g ( 2 3 2 ) , 
fol l owed by the new cleaners ( 1 5 0 ) , children ( 5 8 )  
and the norma l ly exposed individua ls ( 9 . 3 ) . 

Chronically infected cleaners had the higest 
level ( <xg> ) of total IgE ( 9 7 5 0  IU/ml ) , fol lowed 
by the new c leaners ( 3 1 2 0 ) , normally exposed 
individuals ( 14 5 0 ) , children ( 4 8 0 ) , Sudanese 
control s  ( 1 8 0 )  and European control s  ( 3 1 ) . 

In  contrast , the highest mean E LISA ab sorpt ion 
for speci fic I gE was found in the new cl eaners 
( 0 . 9 0 ,  range 0 . 0 7 8 -2 . 8 6 )  fol l owed by children 
( 0 . 6 7 ,  range 0 . 0 3 1 - 2 . 3 9 ) , chron ica l ly infected 
cl eaners ( 0 . 3 5 ,  range 0 . 0 9 -2 . 5 3 ) , norma lly exposed 
individuals ( 0 . 1 7 ,  range 0 . 0 3 8 - 0 . 8 1 ) . The cut-off 
point was 0 . 14 7  ( mean+ 2SD for Sudanese contro l s ) . 

Three months a fter pra z iquantel treatment faecal 
egg counts were reduced ( <xg>=3 . 9  and 7 . 3  for chr­
onica l ly in fected and new cleaners respect ively)  . 
In spite o f this , no drop was observed either in 
the total or speci f ic IgE of the last two groups . 

There were cons iderable variations of total and 
spec i fic IgE within the groups . Speci fic IgE level 
in chronical ly infected cleaners may be af fected 
by desens i t i z ation : alternatively the determinati­
on may be blocked by other immunogl obul in cl asses . 
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S PECIFI C IgE and IgG SUBCLASS ANTIBODIES TO Ascaris 
AND Toxocara I N S ERUM FROM EAST AS IAN REFUGEES . 

' * * . ** 
Peter LJ.nd , Peter Nansen , BJ.rte Hansen , Bent 

I I * *  I ** 
W J.ndelborg N J.elsen and Peter Oluf SchJ.0tz . 
*Royal Veterinary and Agricultural Un ivers ity and 

J I ** I I I 

UnJ.vers J.ty o f  Copenhagen . UnJ.vers J.ty Hosp1tal o f  
Aarhus . 

Blocking antibodies are known to interfere with 
immunoassays for spec i f ic IgE and histamine release 
assays performed on whole b l ood . Us ing sera f rom 
East As ian refugees with spec i f ic IgE to Ascari s  
suum and/ or Toxocara can is  excretory/ secretory ( ES ­
) ant igen o f  the second stage larvae , we studied 
I gG blocking ant ibody activity and its subclass 
association by IgG-deplet ion on Protein A columns 
and antigen degradation . 

Indirect ELISA ' s  for IgE and IgG subclasses were 
establ ished using coated ES-antigens , diluted serum 
( 1 : 5 for IgE , 1 : 1 0 0 0  for IgG1 and 1 : 5 0 for IgG2 and 
IgG4 ) .  Detecting reagents were HRP-conj ugated 
rabbit-anti human IgE , monoclonal anti human 
I gG1j ant i human IgG2 followed by HRP-conj ugated 
rabbit-anti mouse Ig and HRP-conj ugated monoclonal 
anti human IgG4 • 

IgE responses from 1 0  pat ients to Ascaris ranged 
from 0 . 0 6 - 0 . 7 6 ,  responses to Toxocara ranged from 
0 . 19 - 2 . 2 8 .  Response from pooled normal serum was 
0 . 0 4 for both ant igens . Passage o f  serum through 
Protein A columns be fore ELISA led to s igni ficant 
increases for most pat ients to Ascaris ( range 6 -
7 3 % , mean 3 8 % )  and Toxocara ( range 1 1- 1 5 0 % , mean 
5 2 % )  . I ncreases in IgE-response of > 2 5 %  were 
associated with high leve l s  of IgG4 in 3 / 5  
reactions t o  Ascari s  and 5/ 6 react ions t o  Toxocara . 
For one patient Protein A pas sage resulted in a 
s igni ficant drop for speci fic as wel l  as total IgE 
indicating the presence o f  mixed immune comp lexes 
or IgG anti-IgE autoantibodies . 

Bo i l ing ( 3 0  min . ) of antigens be fore serum­
react ion typ ical ly led to substant ial reduct ions 
( 5 0 - 9 0 % ) in the bind ing of IgE and IgG4 antibody , 

whereas b ind ing o f  IgG1 and IgG2 was less a ffected . 
Periodate treatment gave very variable reduct ions 
in the b inding of the investigated i sotypes to 
Ascaris ES , but mainly a ffected the IgG1 and IgG2 
response to Toxocara ES . 

IgG� antibodies exert a maj or blocking effect on 
speci f J.c IgE in roundworm infecti ons . 
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THE ANT IBODY RESPONSE TO DRACUNCULUS MEDINEN S I S  ( GUINEA WORM ) 
IN HUMANS LIVING IN AN ENDEMIC AREA OF NORTHERN GHANA 

Paul B l o c h , Paul E .  S imons en and B i r g i t t e  Jyd ing Vennerva l d , 
Dan i s h  B i lha rz ia s i s  Laboratory , 
Cha r l o t t enlund , Denma rk 

O b j e c tive . To e lucidate ba s ic a s pe c t s  of the antibody 

r e s po n s e  of human s t o  Guinea worm inf e c t i on ,  with the l on g ­
t e rm ob j e c t ive of deve l oping a n  immuno l og i c a l  te chnique f o r  
diagn o s i s  of e a r l y  Guinea worm inf e c t i on .  
Methods . Guinea worm rna t e r i a l  and b l o od s ampl e s  we r e  
c o l l e c t ed i n  the Northern Region of Ghana . A c rude Guinea 
worm ant i g en wa s prepa r e d  from adu l t  fema l e  worms and s e r a  
u s e d  we re obtained f r om individua l s  with a n  open ( pa t ent ) 

inf e c t i on , f r om individua l s  previous ly but n o t  p r e s en t l y  

inf e c t e d and f rom individua l s  c l a iming never t o  have b e e n  
infe c t ed . I n  add i t i on , s e ra f r om individua l s  c oming f rom 
out s ide a r e a s  end emi c f o r  Guinea worm , inf e c t e d  with Oncho ­
c e r c a  volvo l u s , Wuche r e r ia banc r o f t i  and hookworm ,  and s e ra 
fr om non- endemic Dani sh c ont r o l s we r e  a l s o  ana ly s ed . Al l 

s e ra we re t e s ted f o r  antigen s p e c i f i c  I gA , IgM , IgGl and IgG4 

ant ibodi e s  u s ing S D S - PAGE , immunob l o t t ing and ELISA t e ch ­

nique . 
Re sult s .  Gene r a l l y , t e chnique s mea s ur ing IgA , IgM and IgGl 

ant ibod i e s  t o  Guinea worm ant igens l a c ke d  s p e c i f i c i ty and 
fa i l ed to d i f f e rentiate betwe en pa s t  and pre s ent inf e c t i on s . 

Mo s t  p r omi s ing r e s ul t s  we r e  obtained with the IgG4 antibody 
s ub c l a s s .  Cr o s s - r e a c t i on s  we re thu s only obs e rved with � 
volvo l u s , in tha t s e ra from individua l s  inf e c t e d  wi th the 
o th e r  non-Guinea worm para s i t e s  and s e r a  f r om the Dan i s h  
c ont r o l s  we re a lmo s t  non - r e s ponde r s . S e r a  f r om p e r s on s  
c l a iming neve r t o  have been inf e c t e d  we r e  med ium- re s ponde r s , 
whi l e  p e r s on s  c a r r y ing an open inf e c t i on and p e r s on s  previ­
ou s l y inf e c t e d  we re high r e s pond e r s . Future s tudi e s  wi l l  

a l s o  inc l ude the u s e  o f  pur i f i e d  ant igens and t e s t s  f o r  
c i rcul a t ing ant igen s . 
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S EROLOGY I N  CHAGAS' D ISEAS E 

A nd e rs O r n , Le n a  Spo rro n g , G i l b e rto Asce n c i o , l l sa M ad rid , 
Car lota M o n roy de Gomez,  and H u mb e rto Cose n za .  
D e p t .  l m m u n o l o g y , K a ro l i n ska l n st i tu t e , S t o ck h o l m , S a n  C a r l o s  
U n i v . ,  G uate m a l a , a n d  Dept.  of  M icrob i o l og y , U N A H . H o n d u ra s .  

S e r u m  s a m p les f r o m  h o n d u ra n  card i ac pat i e n ts a nd from 
Leishmania braziliensis, L. mexjcaoa, L. donoyani and I. ranoeli 
i n fe ct e d  i n d iv i d u a l s ,  we re a n a lysed in fo u r  s e r o l o g ica l  te sts : 
I n d i re ct I m m u n of l u o re scence Assay ( I  FA) u s i n g  T . .QI..U..ti 
a m ast ig ote a n d  e p i m asti gote s  stages as a nt i g e n s ,  E L I S A u s i n g  
a l ka l i n e e x t racted e p i m ast igotes as w e l l  as t h e  am ast ig ote 
stage s p e c i f i c  g lyco prote i n  ( S s p4) . T h e  I FA u s i n g  a m asti gote 
was s h own to be a sens it ive assay a n d  n o  c ross reacti o n  was 
reco rd e d .  W h e n  ep i mastigotes were u sed in the same test , a 
p ro n o u n ced cross re actio n  was o b s e rv e d  w i t h  v iscera l  
Le i s h m a n i a s i s  sera .The E L I S A  te ch n iq u e  u s i n g  e p i mast igotes 
e xtract s h ow e d  a cross re act i o n  m a i n ly wi th  L e is h m a n ia 
d o n o va n i .  C o ntrary , the S S p4- E L I SA had a h i g h  specif ic i ty fo r L 
QlJ.I.Zl i n fect i o n s  a n d  the cuta n e o u s  a n d  v i s c e ra l  le i s h m a n i a  
pat i e nts h ad n o  reco g n i t i o n  of t h i s  g ly c o p rote i n .  React iv i ty was 
a lso  absent in  I . ranoel i s e ru m sa m p l e s .  T h i s  s u g g e st t h at S sp4 
i s  c o n s e rved in many stra i n s ,  and co u ld b e  a s u i tab le  cand idate 
in  the s e a r c h  for i m p rove m e n t  the  s e ro l o g i c a l  tests .  Taki n g  
fo u r  p o s i t ive  s e ro log ica l  react i o n s  to a scerta i n  a T .  � 
i n f e ct i o n ,  53% of the 1 1 8  card i a c  p a t i e nts s h owed posit ive 
s e ro l o g y .  From th is  we s e l e cted 2 1  s e r u m  s a m ples  that co u l d  
be reg a rd e d  a s  c h ron ic  card iac C h a g a s i c  pat i e nts and they w e re 
tested i n  a n  E L I S A te c h n iq u e  u s i n g  s y nthet i c  peptides ,  based o n  
reco m b i n an t  I. Qll!Z.Lanti g e n s .  5% o f  t h e  s e ra reco g n ised 
pept ide 7 t h at re semble  the reco m b i n a n t  a n t ig e n  SAPA ( S h ed­
Acute - P h as e -A n t i g e n )  w h i le 90 % and 6 2  % reco g n ized pept ides 
2 a n d  1 ,  a re activ i ty that e a rl i e r  was s h own to b e  p resent in  
t h e  c h ro n i c  p h ase of the i nfecti o n . O n e  s e r u m  fa i led  to 
reco g n i s ed a n y  pept ide , w h i l e othe rs re co g n i se d  u p  to fo u r  
pe ptid e s .  N o n e  o f  the  sera fro m i n d iv i d u a l  i n fe cted with o t h e r  
protozoa re co g n i zed t h e  pept ide s .  I n  p re l i m i n a ry a n alyses o f  
C ha g a s '  s e ra f ro m  U r u g u a y ,  s i m i l a r  p e rc e n ta g e s  o f  rea ct i v i t i e s  
i n  t h e  p e p ti d e - E L I SA was obtai n e d .  R e s u l ts  fro m stud i e s  u s i n g  
t h e  p e p ti de - E L I S A  to ana l y ze pote n t i a l  c r o s s  re act iv i t ies  w i t h  
afri c a n  trypa n o so m i as i s  s e r a  i s  u n d e r  w a y .  
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COMPARISON OF COMMERCIAL ANTI PNEUMOCYSTIS 
MONOCLONAL ANTIBODIES 

Kerstin Elvin, Aija Lassfolk and Ewert Linder. 
Dept Parasitology, National Bacteriological Laboratory, Stockholm, 
Sweden. 

Objective: To compare immunofluorescence (IFL) staining patterns of 
three commercially available anti Pneumocystis (PC) monoclonal antibodies 
(moab).  
Methods: Indirect immunofluorescence according to the manufacturers 
descriptions - Northumbria Biologicals Ltd (N) Meridian diagnostics Inc 
(M) and Dakopatts (D) - were used to stain human PC positive sputum and 
bronchoalveolar lavage samples as well as rat lung derived PC samples (rat 
material kindly provided by Olga Guerrero, University of Leon and Anti 
Sukura, School of Veterinary Medicine, Helsinki). Double staining was 
performed by using first one moab followed by the corresponding FITC 
conjugate, thereafter another moab followed by the corresponding TRITC 
conjugate. 
Results: Cysts and trophozoites were detected by both D and M whereas 
mostly scattered cysts and only smaller groups of cysts were detected by N. 
When the same speciemens were double stained it was clear that the N 
reagent failed to stain some of the cysts. All conjugates did also 
unspecifically stain fungi in certain speciemens. 
Rat derived PC in smears was stained properly only by N. The same 
antibody did however not stain rat PC in paraffin sections . 
Conclusion : The N reagent stains uniform PC cysts which makes it easy 
to interpret. It is also applicable to rat PC. Trophozoites and a some cysts 
are not stained and N is not applicable to paraffin sections. In contrast the D 
and the M reagents stain all known stages of the P. carinii organism and are 
applicable to smears as well as paraffin sections. 
To avoid confusion with fungi a conjugate control for each speciemen is 
recommended. 
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PNEUMOCYSTIS CARINII IN CORTICOSTEROID-TREATED 
VOLES 

A .  Sukura · ,  J .  Laakkonen' , T .  S overi · ,  H .  Henttonen" , 
L .  -A . Lindberg" . "col lege of Veterinary Med icine , 
Hel s inki , Finland . .. Finnish Forest Res earch Ins­
t itute , Vantaa , Finl and . 

Obj e c tive . Pneumocystis carin ii ( PC )  is an oppor­
tunistic  pathogen which causes c l i nical disease i n  
immunocomprom i sed hosts . The purpose o f  this study 
was threefold : 1 )  to f ind the most suitable sta i ­
ning method f o r  PC when studying l arge population 
s amples of vol e s , 2 )  whether wild and l aboratory 
r a i s ed Clethrionomys voles harbour PC and 3 )  whet­
her the immunosuppress ion protocol w ith methylpred­
n i s o l one used in experimental studies on PC in 
rat s , a l s o  works for voles . 
Metho d s . Three di fferent staining protocol s  were 
emp loyed to detect the organism in lung samples o f  
5 3  vole s  ( 2 6  bank voles and 2 7  grey - s ided voles ) t o  
f ind out a suitable method f o r  a large scale scree­
ning . The empl oyed procedures were : Grocotts methe­
namine s i lver ( GMS ) sta ined para ffin sect ions , 
toluidine blue 0 sta ined impre s s i on smears and 
methenamine s i lver stained f ro z en sections . Im­
munosuppress ion regimen of 0 ,  4 mg of methylpred­
nisolone inj ected subcutaneous l y  once a week ( De­
poMedrol' , The Upj ohn Co ) , w as  used for o ,  1 ,  3 ,  8 
and 2 0  weeks per iods for groups of f ive anima l s  in 
each species . 
Re su l t s . GMS -sta ined paraf fin sect i ons were rela­
t ively easy to interpret and gave more pos itive 
samples than the other two methods . It thus seems a 
sati s factory method for large scale popul ation 
analyses . PC- organisms were detected from both vol e  
spec i e s , but n o  interspes i fi c  d i f ferences were 
s een . An unexpected result was that methylpred­
nisolone treatment of voles  did not induce a s imi l ­
arly fatal PC infection as occurs in cort icosteroid 
treated rats . All pos itive vol e s  had mild infec­
t ions and no severe or l ethal PC-pneumonia ( PCP ) 
were found . I n  the pos itive samples only a few 
cysts c ould be s een on individual microscopic f i e l ­
ds . Thus , cort icosteroid treatment did not cause 
fatal or severe PCP in voles . This might be due to 
species dependent d i fference s  in metabol i z ing 
methylprednisolone . 
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OCC U R RENCE OF PNEUMOCYSTIS CARINII  COMPARED TO PARASITIS M  

BY GASTROINTESTINAL H ELM I NTH S  I N  TH E SHREWS SOREX ARA N E U S  

A N D  SOREX CA ECUTIENS 

Juha Laakkonen
*
, Antti Sukura·, Voitto Haukisalm(, and Heikki Henttonen

*'*
. 

*
college of Veterinary Medicine, Helsinki 

**
university of Helsinki, Department of 

Zoology, Helsinki 
***

Finnish Forest Research I nstitute, Vantaa, Finland 

Pneumocystis carini i  (PC) is an opportunistic pulmonary pathogen which 

causes clinical disease in immunocompromised hosts. The prevalences and 

intensity of PC infection in different functional groups of two species of shrews 

Sorex araneus (n = 63) and S. caecutiens (n = 60) were compared using GMS 

staining for the detection of PC cysts. The possible role of PC as an ind icator of 

immunodeficiency was investigated by comparing the prevalences and intensity 

of PC infection to the previously studied helminth burden of the same shrews. 

The shrews were trapped in 1 988-1 990 at Pal lasjarvi, western Finnish Lapland. 

The prevalence of PC in S.  araneus was 70% and in S. caecutiens 1 7%. The 

interspecific differences in prevalence were significant in every functional group 

except adult males. In � araneus, the prevalences d id not differ significantly 

between any functional group. In � caecutiens, the prevalence in females was 

considerably lower than in males, mature males being more often infected than 

juvenile ones. The interspecific difference in the prevalence of PC was similar to 

the difference in the helminth burden of these species. 

The relation of the intensity of PC infection to the size of the shrews was 

significant only in j uvenile females. Heavily infected juvenile females were l ighter 

and shorter than less heavily infected ones. 

The total number of helminths or the number of helminth species d id not 

correlate with the intensity of PC infection in any functional group. The possible 

val ue of PC as an ind icator of immunodeficiency remains unclear. 
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DNA AMPLIFICATION FOR DETECTION OF PNEUMOCYSTIS 
CARIN// IN HUMAN RESPIRATORY SAMPLES 

Mats Olsson, Kerstin Elvin, Ewert Linder 
Department of Parasitology, National Bacteriological Laboratory, 
Stockholm, Sweden 

Objective: The currently used method for diagnosing P. carinii infection 
is based on immunocytology which is not suitable for large scale screening. 
By using the polymerase chain reaction (PCR) we have developed a 
diagnostic procedure for detection of P. carinii DNA in human respiratory 
tract samples. 

Methods: The primers used direct amplification of a 403 bp fragment of 
the thymidylate synthase gene of P. carinii. 
The PCR method was tested on 42 clinical sputum and 44 broncho-alveolar 
lavage (BAL) samples. The latter category included samples from both 
immunosuppressed and immunocompetent patients. 

Results: A single band of the expected size was detected in agarose gel 
electrophoresis in samples containing P. carinii. The result was confirmed 
by hybridization with a P. carinii specific radiolabelled probe. The primer 
sequences did not detect human DNA or DNA from fungi and bacteria. 
Fourteen samples were positive using the PCR but negative by the 
immunocytological method. The PCR missed one positive case. 

The result suggest that in vitro amplification by PCR of P. carinii DNA 
may be an alternative method for detection of Pneumocystis parasites. 
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Probes complementary to rRNA for identification of 
Sarcocystis 

Holmdahl Jl ,  Mattsson J G2, Uggla A l and Johansson K-E2 
1 Department of Cattle and Sheep Diseases, Swedish University of Agricultural Sciences, 
Uppsala, Sweden 
2The National Veterinary Institute, Uppsala, Sweden 

Introduction 

Sarcocystis is a genus of cyst-forming coccidian parasites in the phylum of 

Apicomplexa. Sarcocystis is recognized as a cause of subclinical and clinical 

diseases in animals and of economic loss in farm animal production. 

Specific diagnostic methods on species as well as on genus level are needed. 

Methods 

Cystozoites of S. cruzi and S. tenella were recovered from heart muscle 

tissue of naturally infected cattle and sheep, respectively, using pepsin-HCl 

digestion and purification by gradient centrifugation in Percoll. Whole cysts 

of S. gigantea were isolated from oesophagus of naturally infected sheep. 

Stable RNA was extracted from the different Sarcocystis species. S mall 

ribosomal subunit RNA (srRNA) was partially sequenced using reverse 

transcriptase and DNA primers complementary to evolutionarily conserved 

regions of srRNA. The sequences were compared by computer alignment. 

Results 

Sequence comparisons revealed a high degree of similarity between the three 

Sarcocystis species studied. The highest degree of similarity was obtained 

for S. cruzi and S. tenella. However, sequence differences between these 

two species were found in the V 4 region. Probes were constructed for 

identification of S. cruzi and S. tenella and they were te s ted i n  

hybridization experiments. 

Conclusions 

Ribosomal RNA sequences from different Sarcocystis species can be of 

great taxonomic value and probes complementary to rRNA will most 

certainly be valuable tools in the specific diagnosis of sarcocystosis. 
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POLYMERASE CHAIN REACTION (PCR) FOR DETECTION OF 
ENTAMOEBA HISTOLYTICA DNA 

Mats Olsson, Ewert Linder 
Department of Parasitology, National Bacteriological Laboratory, 
Stockholm, Sweden 

The objective was to establish a method for the identification of E. 
histolytica-specifi.c components. Current studies have focused on the 
detection of amoeba DNA from the E. histolytica cyst stage for detection of 
parasite DNA in stool samples. 

Methods: Synthesized complementary DNA primer sequences, designed 
from the published DNA sequence encoding for the E. histolytica actin gene 
(Huber et al, 1987), were used for detection of DNA from four axenically 
grown pathogenic E. histolytica strains. 

Results: The PCR result shows positive reaction with trophozoites from 
all of four amoeba strains and no reaction with Giardia Iamblia or human 
DNA. A number of clinical stool samples containing different protozoa 
were used as controls for specificity of the primers. 
Preliminary results indicate that DNA can be extracted from cysts by freeze­
thawing and prolonged incubation with proteinase K and SDS. 
The results thus suggest that PCR may detect intestinal protozoa as a 
supplement to microscopy or as a primary screening method. 
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G E N ES ENCODING CYTOLYTIC FACTORS FROM 
ENTAMOEBA HISTOL YTICA 

Aslog Jansson and Per Hagblom, Department of M icrobiology, 
Biomedic al Ce nter, Uppsala U nivers ity, Sweden,  

Entamoeba histolytica i s  the causative agent of amoebic dysentery. 
Th is pathogen colon izes the l arge i ntesti ne of h u mans and afflicts t issue 
damage to the co lonic mucosa. I n  this process the amoebae lyse the cells 
of the epithel i u m .  A number of lytic factors have been described in  E. 
histolytica. These i nclude proteases,  phospolipases and amoebapori n .  We 
h ave attempted to iso late g e n e s  encoding cyto lytic activ it ies from E. 
histolytica and further characterize these genes.  

To isolate cyto lytic genes from E. histolytica we screened a genomic 
l ibra ry for clones with the abi l ity to d i srupt red blood cel ls  (RBC:s) .  
Isolated clones were s ubjected to restriction e nzyme analysis and based 
on th is  a nalysis it was possible to divide t h e  inserts i nto five un ique 
DNA segments. The clones were expressed i n  Escherichia coli and crude 
extracts were tested in hemolysis assays. All five clones were posi tive 
in th is  test with crude extracts (se below) . 

De letion derivatives of the clones were co nstructed and their  abil ity 
to lyse RBC :s were tested. By th is  analysis it was possible to deduce 
m i n i m a l  frag m e nts fro m w h i c h  active h e m o lyt ic factors co u ld be 
e xpressed. I n  the fig u re the data from two of t h e  clones,  pHL Y1 and 
H LY5 , are shown in  the the left and rig ht  pane l s ,  respectively.  A lso 
s hown are the physical maps of the respective clones and derivatives. 

We h ave isolated several clones from Entamoeba histolytica which 
encode hemolytic fu nctions and,  hence, are putative cyto lysis genes. We 
ii"Jtend to fu nctional ly  characterize these factors and we hope that th is  
wi l l  lead to a bette r understanding of  amoeba pathogenesis.  
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MONOCLONAL ANTIBODIES AGAINST 67 kDa ENTAMOEBA 
HISTOLYTICA ANTIGEN 

Lena Lundin, Sture Haglund, Aleida Tellez, Ewert Linder 

The National Bacteriological Laboratory, S- 105 21 Stockholm, Sweden 

ObJective: The objective was to identify E. histolytica -specific antigens 

recognized by sera from patients with invasive amoebiasis. To isolate the 

antigen(s) and to develop monoclonal antibodies against it. 

Methods: A crude homogenate of E. histolytica was fractionated using ion 

exchange chromatography and the generated fractions tested for reactivity 

with patient sera by ELISA and western blotting. Reactive fraction was 

used for generation of monoclonal antibodies. 

Results: Several antigenic parasite components were seen. However, 

antibodies against a 67 kDa component were seen only in sera from patients 

with E. histolytica infection. 

Two monoclonal antibodies were obtained by immunization with the 

fraction containing the 67 kDa component. One (3G2) reacted with 67 kDa 

component and two additional lower molecular weight components in 

immunoblotting. The antigen moved as a single band in non-reduced gels. 

The other monoclonal antibody (3E3) failed to react in immunoblotting but 

both antibodies reacted in dot blotting. The E. histolytica target antigens 

recognized by 3G2 and 3E3 were intracellular based on 

immunocytochemical staining. 
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ANTI- TUBULIN REACTIVITY OF ENCYSTING GIARDIA LAMBliA 

Jadwiga Winiecka-Krusnell, Ewert Linder 

The National B acteriological Laboratory, S- 105 2 1  Stockholm, S weden 

The objective of this study was to observe the possible changes of tubulin 

distribution during the encystation process by indirect immunofluorescence 

using a monoclonal anti-tubulin antibody. 

As shown before, ( 1 ) ,  the ventral flagellae of G. Iamblia trophozoites can 

be selectively stained with the monoclonal antibody originally raised against 

Pnewnocystis carinii. (2) . 

Metods: G. Iamblia cysts were induced in axenic culture, in the BIS 

medium supplemented with porcine bile and lactic acid calcium salt, washed 

in PBS and distributed on microscope slides.  Acetone fixed smears 

containing cysts taken at different moments of encystation, were incubated 

with monoclonal antibody and the anti-tubulin reactivity was tested by 

indirect immunofluorescence. 

The results show that the strong positive reaction of trophozoites 

disappears during encystation. Early cysts display only scattered positive 

dots in the cytoplasm and faint staining of the cyst wall. 

These results suggest that expression of the tubulin-specific epitope in the 

ventral flagallae is stage-specific and associated with motility. 

REFERENCES 

1 .  Linder E. ( 1987), Monoclonal antibody to Pneumocystis detects microtubulus­

associated antigens in mammalian cells and Giardia. The Cytoskeleton in Cell 

Differenciation and Development. Eds.Ricardo B. Maccioni and Juan Arechaga, Granada, 

Spain, 179-180 

2. Linder, E., Lundin, L., Vorma, H. (1987) Detection of Pneumocystis carinii in lung­

derived samples using monoclonal antibodies to an 82 kD parasite component. J. Imm. 

Meth. 9 1 :  57-62. 
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THE VIABILITY OF IN VITRO INDUCED CYSTS OF GIARDIA 

LAMBLIA 

Jadwiga Winiecka-Krusnell, Ewert Linder 

The National Bacteriological Laboratory, S- 105 2 1  Stockholm, S weden 

G. Iamblia cysts obtained by an in vitro encystation procedure represent 

two morphological types which can be distinguished in the light 

microscopy. Type 1 :  oval shaped, with well defined walls and cytoplasmic 

structures, yellow-brown when stained with iodine in direct preparations 

and Type 2 :  smaller, irregular shaped, with granulated cytoplasm, yellow­

blue when stained with iodine, having no visible structures. 

O bjective: The aim of this study was to find out if there is any correlation 

between the different morphological appearance of Giardia cysts and their 

viability. 

Methods: Cysts of different human isolates were raised in vitro by 

supplementing the culture medium with porcine bile and lactic acid calcium 

salt. S amples taken at 24, 48, 72 and 96 hours of encystation, were washed 

in PBS ,  water-treated, counted and diluted to obtain the desired 

concentration. To determine viability, the preparations were counterstained 

with two fluorogenic dyes:  propidium iodide (PI) and fluorescein diacetate 

(FDA). FDA stains selectively viable cells. Passing through intact cell 

membranes, it is metabolized by intracellular esterases to produce 

fluorescein which accumulates inside the cell and exhibits green 

fluorescence when excited by blue filter. PI, excluded by intact cells, passes 

through damaged cell membranes and interacts with DNA and RNA in the 

nuclei of dead cells, forming red stained complexes when blue exciter filter 

is used. 

Results show differences between strains in their capacity to produce 

cysts, which ranged from 5 to 20%. The viability measured by the positive 

FDA staining was time dependent. Within the first 24h of encystation the 

majority of cysts was viable. After subsequent 72h, the number of viable, 

FDA positive cysts decreased significantly to less then 1 0%. Interestingly, 

cysts produced by one of the strains, mainly Type 2 ,  appeared to be 

nonviable; negative by FDA and positive by PI staining. Even after 8h of 

encystation, we failed to detect FDA positive, viable cysts. 
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A C OM P E T I T I V E  E I A  FOR T E S T I N G  A N T I B O D Y  A G A I N S T 

E N C E P H A L I T O Z O O N  C U N I C U L I  

K .  Naslund , S .  Ljung and T .  Waller , Department o f  Virology , 
Diagnostic Research and Department of Parasitology , National 

Veterinary Institute , Uppsala , Sweden . 

Objective . To develope a simple and sensitive serologic test 
for detecting antibody against Encephalitozoon cuniculi ( Ec )  
i n  different animal species and human sera which should relay 
on the same testing procedure regardless of  the species 
tested . 
Methods . A monoclonal antibody against Ec was developed . Mice 
( BALB/c ) were hyperimmunized by  intraperitoneal injections of 
killed Ec spores 3 times with 2 weeks interval . Spleen cells 
from the mice were fused to sp2/0 myeloma cell s  according to 
the method of Kohler and Mil stein ( 19 7 5 ) . After 10  days the 
supernatants were screened for production of anti-Ec antibody 
by indirect EIA . Positive clones were subcloned by  limiting 
dilution and grown in F-DMEM ( SVA , Uppsal a )  with 2% Ig-mini­
mized FCS . The antibodies were purified on Protein A Sepha­
rose ( Pharmacia , Uppsala) . The IgG fraction was conjugated to 
Nai04 activated horse radish peroxidase ( HRP ) ( Nakene and 
Kawoi , 1974)  and stored at 4°C with 0 . 05% NaN2 as preserva­
tive . Microtiter p lates were coated with supernatant antigen 
from mechanically disrupted Ec s pores (Waller , 1977 ) . 
Test performance . 1 )  50 ul diluted serum to be tested and 50 
ul HRP-conjugated monoclonal antibodies in optimal dilution 
were added to the antigen coated wel l s  and left for 1 hour at 
37°C .  2)  Washing 3 times with PBS-Tween . 3)  TMB substrate was 
added to each well  and left for 10 min at room temp . 4) The 
result was read by a photospectrometer at 450 nm . 
Results . The results were compared with results from testing 
the same sera in indirect EIA and Carbon Immunoassay . There 
was no significant difference regarding positive and negative 
sera between the 3 tests . 
References . Kohler , G .  and C .  Milstein , 1975 . Continous 
cultures of fused cells secreting antibody of predefined 
specificit y . Nature , 256 , 495-497 . Nakene , P . A .  and A .  Kawai , 
1974 . Peroxidase-labeled antibody . A new method of conjuga­
tion . J .  Histochem . Cytochem . 22 , 1 084 . Waller , T . , 1977 . The 
india-ink immunoreaction : a method for the rapid diagnosis of 
encephalitozoonosis . Lab . Animals ,  1 1 , 93-97 . 
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BLUE-GREEN ALGAE; A NEW AGENT CAUSING 
DIARRHOEA ? 

Marianne Lebbad, Jadwiga Krusnell and Ewert Linder 
Departmen t of Parasitology, National B a cteriological Laboratory, 
Stockholm, Sweden 

During recent years a novel microorganism has been reported i n  
patients with the AIDS syndrome a n d  travellers with diarrhoea. 
The organism resembles an unsporulate d  coccidian oocyst or " a  
large Cryptosporidiu m" .  In l ight microscopy the organism i s  
seen a s  a sphere o f  about 8-9 11m in diameter with refractile 
inclusions . It does not take up iodine stain but is stained with 
modifi e d  acid-fast staining (Ziehl Neelsen ) .  It has been 
preliminarily classified as a blue-green algae (cyanobacterium) . 

We have found the organism i n  five s tool s amples from 
p atients, four of whom had diarrhoea but none of them had 
signs of immunodeficiency. They have been travelling in 
various p arts of the world (Vietnam, Eastern Europe, Turkey, 
Colomb i a  and Lebanon) . The organisms were slightly larger 
than Cryptosporidium (4-6 11m) and showed varying staining 
intensity with Ziehl Neelsen . For definite differentia tion of the 
organism from Cryptosporidium we showe d absence of 
rea,tivity by immunofluorescence with anti-Cryptosporidiu m 
monoclonal antibody.  In follow up stool examinations 2 weeks 
after the i ni tial  sampling two out of four were still  positive. 
These five cases are to our knowledge the first report of this  
organism diagnosed in Europe. 
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V I SCE RAL L E I SJ-I MANIAS I S  I N  SOMAL IA 
Cl i n i ca l  a n d  i m m u nological f i ndi n gs i n  h osp i ta l i zed pat ie nts and i n  
v i l l agers i n  a n  ende m i c  area.  

S h u k r i  A l i  Sh i ddo 
D i v .  of P ar a s i tol ogy Facu l ty of M edi c i ne , Som a l i  Nat i onal  U n ivers i ty 

V i sceral  L e i s h m an i asi s ( V L )  i s  a system i c i n trace l l u l ar i n fect i on w i th 
h i g h  m orta l i ty i f  l eft u n treated. M a i n  cl i n i ca l  sym ptoms are wasti n g ,  
d i a r r hoea , anem i a  and s p  l en om ega ly. T h e  d i sease i s  t ransm i tted by 
san dfl i es .  L i tt l e  i s  k nown a bout i ts p r ev a l ence a nd distr i b ut ion  i n  
Som al i a ,  a poor country w i th l i m i ted m ed i ca l  r esou rces.  
Obj ective. To fi nd m et h ods s u i t a b l e  for c l i n i ca l  d i agnos i s  as w e l l  as for 
ep i de m i o l og i cal pop u l at i o n  st udies i n  Som a l i a . 
M ateri al s. Pati e n ts from M ogadish u hosp i ta l s tr eated for l e i sh m an i a s i s  
( n = 2 6 )  or o t h e r  d i seases ( n = 6 3 ) .  I n hab i tants o f  a v i l l age i n  an endem i c  
area ( n = 3 0 6 ) .  Healthy resi dents of Moga d i s h u ( n =  1 6 2 ) .  
M ethods. Quest i on nai res conta i n i n g  personal  and m edica l  data fo r 
hos p i ta l  pat ients and v i l l agers. T h e  sam e grou ps wer e s u bj ected to  
p hy s i ca l  exam i nat ion  i nc l udi ng b ody wei ght a n d  s p l e e n  s ize .  
Ser o l ogy: d i rect aggl ut i n at i o n  test ( DAT ) and i m m u nofl uoresce nce ( I F )  
for ser u m  ant i bodi es .  For del ayed type hyper sens i t i v i ty l e i s h m an i n  sk i n  
test . 
Results. A m o ng t h e  26 h osp i ta l  pat i ents treated for V L  the m a l e  / fem al e 
rat i o  was 2 . 7  a nd 8 5 %  were be low 1 6  yea rs.  T h e  d i agnos i s  was conf i r m ed 
parasito logica l l y  i n  1 3  cases . Al l pat i e nts had sy m ptoms of w ast i ng a nd a l l 
had sp l enom egaly. We found a good correl ation between DAT and I F  res u l ts .  
and both m ethods showed h igh  sens i t i v i ty and s p ec i fi ty. T h e  anti b ody t i tres 
recorded i n  V L  pat i e n ts were s i g n i fi cant ly h i gher than i n  other hos p i ta l  
pati ents and in  hea l thy M oga d i s h u  res i de nts. A l l V L  p at i e n ts had  DAT 
t i te r s  L 8 0 0  and I F  t i ters L 1 0 0  i n  1 (13  and l gM .  Such t i ters  were n ot fo u nd 
i n  any of the two co ntrol  m ate r i al s . 
Of the 2 5 4  v i l l agers tested for ant i bodi es 2 0  had DAT ti tres of the same 
l eve l as t h e  V L  patien ts. T he m a l e  fem a l e  rat i o  i n  t h i s  group w as 2 . 3 and 
6 0 %  were b e l ow the age of 1 6  Two s u bj ects had very l ow body weight a n d  
sev en h a d  s p l enom egaly .  Leish m an i n  sk i n  test w a s  perfo r m ed i n  2 46 
p e r son s , 6 3  ( 2 6 % )  of w hom were p os i t i v e .  O n l y  5 ( 8 % ) of t he l atter had 
s i g n i fi c a n t  ant i  body t i tres i n d i cating t h at the m aj or i ty of  the sk i n  test 
posi t i ves w e r e  i nfected i n  the p ast. 
Concl usions. Toget h e r  w i th cl i n i ca l  sym p tom ato l ogy the two ser ologic  
tests em p l oyed seem to be usefu l i n  cl i n i ca l  d i agnosis  of V L .  T he DAT test 
is easy to perfor m a n d  does not r equ i r e  any sop h i st i cated equ i pment  and 
reagents .  I ts therefore p r eferab l e  i n  Som al i a .  T h e  l ei s h m an i n  sk i n  test is  
not  su i ta b l e  i n  c l i n i cal  d i agnos i s  b u t  m ay be usefu l i n  e p i dem i o l ogi cal 
po p u l at i o n  stud ies .  
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TREATMENT OF PLASMODIUM FALCIPARUM MALARIA WITH MEFLOQUINE 

Pa s ca l  Magnu s s en ,  MD ,  S enior Reg i s t ra r , Ib Bygb j e rg ,  MD ,  Head 
o f  Department , Department of Communicable and Tropical 
Di s ea s e s , Rig sho s pital et , Denmark . 

Objective . At the department of Communicable and Tropical 
D i s e a s e s , Rig sho spitalet , Denmark , mefl oquine ha s been u s e d  
s inc e 1 9 8.2 to t r e a t  pa tient s with veri fied or suspected 
c l o r oquine and sulfadoxine - pyrimethamine r e s i s tant R_ .  
f a l c ipa rum malaria . 81 pat ient s  treated with me f l oquine are 
r eviewed with r e s p.e c t  t o  e f ficacy of treatment and s ide 
e f f e c t s .  
Methods .  Al l pa tients with R_ .  falciparum ma laria treated with 
me f l oquine dur ing the period 1 9 8 2 - 1 9 8 8.  we r e  r.eviewed . 
Results .  4 0  pat ients had compl icated malaria . 18 pati ent s 
we re initially treated with i . v .  quinine . Me f l oquine d o s e  
f o r  a dul t s  wa s 1 5 0 0  mg i n  one do s e  or divided in two with s i x  
hour s '  inte rval . Gas troint e s tinal s ide e f f e c t s  :were common , 
but in only 10 c a s e s  the dose had to be repeat.ed becau s e  of 
vomi t ing . No neurological s ide e f f e c t s  we r e  recorded in 
r e l a ti on to treatment or during the follow-up period ( 3 0  
day s ) .  Temp e ra ture s ub s ided with a mean of 2 . 7  days a f t e r  
initiation o f  treatment . Trophozo ite s d i s appeared a f t e r  a 
mean of 3 . 6  day s . Re s i s tanc e to me f l oquine wa s not o b s e rved 
except in one c a s e  from Tanzania . Me f loquine is recommended 
f o r  the t re a tment of worldwide acquired R_. falcipa rum 
ma laria , a l though patient s should be monitored c l o s ely to 
d i s c. l o s e· r e s i s tanc e  and po s s ib l e  long - t e rm neurop sychiatric 
s id e  e f f e ct s . 
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SC A N N I N G  ELECTRON MICROS C OPIC OBSERVATION TO SEE 
THE EFFECT OF C DR I  COMPOUND ( C O DE 80 I 5 3 ) FOR ITS 
GAMETOCYTOCIDAL AC TION ON MALALRIA P A R ASITE 

Amulya Mohan* , S . K .  Puri* , S . C .  Maitra* *  and G . P . Dutta* 
* Division of Microbiology and ** Electron Microscope 
Lab , Central Drug Re search In stitute , Lucknow , India 

Objective . To standardize C D R I  compound ( Code 8 0 / 5 3 )  
as a safe gametoc ytocidal agent for malaria parasite . 
Methods . The CDRI compound ( code 8 0  I 5 3 ) , synthe sised 
as a s afe gametoc ytocidal agent to substitute the prima­
quine , was te sted for its gametoc ytocidal action . Different 
do ses viz . 1 . 2 5  mg base /kg , 2 . 5 0 mg base / kg and 3 . 7 5  
mg base / kg of water soluble C DR I  compound ( 8 0 / 5 3 )  
was admin istered orally to the rhesus mon keys ( Macaca 
rnulatta ) .  Different batches of Anopheles stephan si 
mosquitoes were fed on these monke y s , 0 hr , 5 hr 
and 24 hr after drug administration . The oocysts on 
midgut of mosq uitoes were ob served under Philips 5 1 5  
Scanning Electron Micros cope . 
Results . The control batch of 1 .  2 5  mg base / kg drug 
s ho wed very high infectivity while the batch after 
5 hr of treatment of the same drug showed con siderabl e  
reduction in oocyst number a n d  the oocyst growth was 
found cornpletel y stopped after 24 hr of drug treatment . 
There was observed very sharp decline in oocyst count 
at 5 hr after 2 .  50 mg base / kg drug treatment but no 
oocyst could be observed in the mosq uitoe s  of 24 hr 
po st treatment batch . In case of 3 .  7 5  mg base / kg dru g , 
the oocysts were not developed at all in both 5 hr 
and 24 hr po st treatment batche s  of mosq uitoes . 
Conclusion . The CDRI compound ( code 8 0 / 5 3 )  was found 
to have good gametoc ytocidal action . 
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SPECIFIC IgG4 ANTIBODIES IN DIAGNOSIS AND FOLLOW-UP 
STUDIES OF TREATED HYDATID DISEASE CASES . 

. * •• . ** 
Peter L1nd , Torsten M0l ler and Ib BygbJ erg . * . . . 

The Prote1n Laboratory , Un 1vers 1ty o f  Copenhagen 
and Department of Veterinary Microb i o l ogy , Royal 
Veterinary and Agricultural Univers ity , Copenhagen . ** I I I 

Department M ,  Un1vers1ty Hosp1tal , Copenhagen . 

The performance of an E LISA for h granul osus 
spec i f i c  IgG4 ant ibodies in hydatid disease was 
critical l y  evaluated , using serial serum samples 
from 9 patients with infection imported from the 
Med iterranian area . E ight cases were surgical l y  
ver i f ied , one was a relapse , occuring 2 0  years 
a fter cyst operation and responding to 
chemotherapy . Control sera were from Danish normal 
persons ( n= 1 0 ) ,  fr� East Asi an refugees ( n=14 ) and 
from chronica l ly � mansoni infected canal workers 
from Sudan ( n= 1 3 ) .  

I nd i rect E LI SA 1 s  were estab l i shed , us ing crude 
sheep hydatid cyst fluid ( SHCF ) for coat ing and 
horseradi sh perox idase (HRP- ) conj ugated , 
monocl ona l mouse anti-human IgG4 and anti -human 
IgG1 • An ELISA for SHCF-speci f ic IgE empl oyed HRP­
conj ugated rabbit anti-human IgE . Opt imal serum 
di lutions were 1 : 2 0 0 for IgG4 and 1 : 1 0 0 0  for IgG1 • 
IgE was tested at serum di lution 1 : 2 0 .  

The mean IgG4-reaction from 2 7  individua ls with 
other helminth infections was 0 . 0 2 2  ± 0 . 0 2 5 ,  g iving 
a cut- o f f  value for seropositivity (mean + 2 x  
s . dev ) o f  0 . 0 7 2 , corresponding t o  4 . 5x the reaction 
from a pooled serum ( NS P )  from 10 normal Danes . 

For 8 patients with a cyst l ocation to the l iver , 
samples taken at or around (± 3 mo . )  surgery/ start 
of chemotherapy gave SHCF-spec i fic IgG4-responses 
ranging from 6 . 5x to 1 3 6 x that of NS P .  The 
corresponding figure s for IgG1 were 0 .  7x - 4 .  4 x . 
One patient with cysts in the femora l muscle was 
negat ive for IgG4 at the t ime of samp l i ng ( 5  mo . 
post surgery ) . Two patients had s ignificant 
spec i fic IgE compared to controls . The ir IgE 
response was up to 5x increa sed a fter depletion o f  
IgG with Protein A Agarose . 

After operation , spec i f ic IgG4 levels gave 
steeper drops than spec if ic IgG1 during 6 mo . - 2 
years fo l l ow-up periods . 

SHCF-speci fic IgG4 has an interest ing potenti a l  
a s  a diagnostic parameter and as an indicator o f  
succes fu l l  el imination o f  hydatid l iver cysts . 
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COM PARATIVE ANTIG EN ANALYSIS OF DIFFERENT L I FE STAGES O F  
SCHISTOSOMA MANSON/. 

A. A. Akhiani ,  L. -A. Ni lsson and 0. Ouchterlony 
Department of M edical Microbiology and I mmunology, University of Goteborg, 
Sweden. 

Objective. Parasitic trematodes present a complex antigen mosaic and a large 
number of individual antigens have been demonstrated by various techniques.  It 
has been reported that some of the schistosome antigens are of allergenic 
nature, some are binding schistosomicidal drugs, some d isplay lectin reactivity 
and some have enzyme activity. In this study, we characterized and compared, 
by means of crossed immunoelectrophoresis (crossed I E) ,  the antigen mosaics 
of adult worm, egg and cercaria of Schistosoma mansoni and their possible 
serological relationships. 
Methods. A modification of the crossed IE technique was employed using a 1 % 
agarose gel and Tris-barbital buffer (pH 8.6, ionic strength 0.02). The fi rst­
d imension electrophoresis was performed at 5 V/cm for 80 minutes. The second­
d imension electrophoresis was run at 2 V/cm for about 20 hou rs through a gel 
contaning 5 % antiserum. An intermediate gel,  eventually supplemented with 5 % 
antiseru m  or 0 .3-1 .0 mg/ml lectin, was interposed between the first dimension 
and the second dimension gels for characterization purposes. In  order to detect 
enzyme activity of schistosome antigens, crossed I E  plates were incubated with 
various enzyme staining solutions for at least 2 hours at 31'C. A tandem variant 
of the crossed IE was used for comparison of antigens. 
Results. Seven antigen components were identified as shared between all three 
l ife stages of S. mansoni. Furthermore, one antigen was common to adult worm 
and snail, and one other antigen was shared between cercaria and snail .  
Characterization of enzyme activities revealed three individual precipitating 
antigens in adult worm of S. mansoni possessing esterase, leucyl-glycyl-glycine 
peptidase and phenylalanyl-leucine peptidase activities respectively. One further 
precipitinogen with malate dehydrogenase activity was identified for all three life 
stages. Two individual precipitinogens in adult worm, one in egg and one in 
cercar'ia possessed lectin binding reactivity. 
Conclusion. The present study shows that variations of the crossed I E  
technique combined with analysis for enzyme activity and lectin binding might be 
advantageous for differentiation and characterization of antigens in crude 
extracts of the various life stages of S. mansoni. Such techniques should for 
instance be usefu l at purification procedures aiming at identification of potentially 
protective ant igens. 
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IDENTIFICATION OF A NON-ACTIN TARGET 
AUTOANTIGEN IN SCHISTOSOMA MANSON/ 
MUSCULATURE 

Cecilia Thors and Ewert Linder 
Department of Parasitology, National Bacteriological Laboratory, 
Stockholm, Sweden 

The objective was to identify autoantibodies capable of reacting 
with schistosomes. 

Autoantibodies against actin occur in various inflammatory 
conditions, high titres being present in chronic active hepatitis. 
Such antibodies react with schistosome musculature and surface 
spines. The spines consist of actin in a crystalline form. 

Metho ds: By indirect immunofluorescence and Western 
blotting, we have studied the reactivity of sera from individuals 
suffering from schistosomiasis and individuals without 
evidence for schistosomiasis with S. mansoni adult worms. 

Results: We have identified antibodies which react strongly with 
both the the musculature and the spines and antibodies which 
react with musculature, but not with spines. In immunoblotting 
the target antigen of the latter antibodies was identified as a 1 00 
kDa component, clearly distinct from the 43 kDa actin band and 
from myosin heavy and light chains. 

Discussion: Several muscle proteins (e.g. a. -actinin, villin) are of 
similar size as the autoantibody target antigen. They will be 
considered in our further attempts to identify the target antigen. 
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NEW METHOD FOR ELECTROPHORETIC CHARAC TERI ZATION OF SCHI S T O ­
S OME INTERMEDIATE HO S T  SNAILS . 

Kri s t en s en , T . K . , B . J .  Vennerva l d , M .  Lund , R .  Herk-Hans en 
Dani s h  B i lhar z ia s i s  Labora tory , Cha r l o t t enlund , Denmark . 

A new me thod f o r  charac t e r i z ing s c hi s t o s ome int e rmediate ho s t  
s na i l s  by e l e c t r ophor e s i s  ha s been t r i e d  a t  the Dani sh 
B i lha r z ia s i s  Labo r a t o ry . The me thod ut i l i z e s  the SDS - pa g e  
t e chnique . 

Obj e ctive s : Previou s l y  s tarch g e l  e l e c t r opho re s i s  ( SGE ) ha s 
been u t i l i z e d  f o r  cha r a c t e r i z a t ion s chi s to s ome int e rme d i a t e  
ho s t  s n a i l  s p e c i e s  and f o r  diffe rent i a t ing d i f f e rent spec i e s  
with g ood r e sul t s . S D S - page ha s been u t i l i z ed f o r  i s o l a t ing 
p r o t e i n s  in antigen s tudi e s  at the Labor a t o ry f o r  s ome t ime , 
and thi s e l egant technique s wa s t empting to u t i l i z e  f o r  

s tudi e s  f o r  s chi s t o s ome int e rmediate ho s t  s na i l s  l ike Bul inu s 
and B i ompha l a r i a , whe r e f o r e  such experiment s we r e  ini tia t e d . 

Methods :  S e l e c t e d  s p e c i e s , Bul inus gl obo s u s , �· a bys s inicus , 
� ·  t r opi c u s , � ·  trunca tus , � ·  pfe i f f e r i , wi th we l l  expr e s s e d 
band s in s ta rch g e l  e l e c t ropho r e s i s  a s  s od ium Dodecyl S u l f a t e  
p o l ya c r y l amid g e l  e l e c t r ophore s i s , SDS page . The s ta r ch g e l  
e l e c t r o pho r e s i s  me thod util ized ha s previou s ly been d e s c r i b e d  
f r om t h e  La bora t o ry ( Je lne s , 1 9 8 0 ) , t h e  S D S - Pa g e  me thod wa s 

the one de s c r ibed by Laemmli ( 1 9 7 0 ) . 

Re sult : The r e s ul t s  of both me thods we r e  good . C l e a r  band s 
we re demon s t r a t e d . S D S  s e ems to have mo re sha r p  band s . In 

few l e G a t ions SDS showed to have mo re band s than SGE . 

An advan t a g e  u s ing SDS c ou l d  be that i t  i s  f a s t e r  to u s e  and 

the r e s u l t s  a r e  b e t t e r  re produc ed by pho tograph s . Howeve r ,  
s t i l l  expe r imen t s  a r e  needed to eva luate the p o s s i b i l i t i e s  

f o r  u s ing thi s t e chnique in s y s tema t i c s o f  sna i l s . 
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TOTAL AND S P EC I F I C  S ERUM I g E  I N  RAT S 
I NFECTED W I TH MO N I L I FO RM I S  MON I L I FO R M I S  

P e r  A a g a a r d  And e r s e n * ,  O l e  H i n d s b o * *  a n d  P e t e r  L i nd * *  
* D e c e a s ed . H i s  t h e s i s  i s  p r e p a r e d  f o r  pub l i c  

p r e s e n t a t i on by h i s  t u t o r s . 
* *  U n i v e r s i t y of C op e nhag en , D e n m a r k  

Obje c t i v e : 
The a i m  w a s  to s t udy a n t i ova l b um i n  I g E , a n t i  worm I g E  
and t o t a l  I g E  in s e r um o f  o l d  a n d  young Hooded L i s t e r  
r a t s  g i ve n  d i f f e r e n t  dos e s  o f  t h e  a c a n t ho c e p h a l an 
Mon i l i f o rm i s  mon i l i f orm i s  ( M . m . )  and to comp a r e  t he s e  
i n f e c t i on s  t o  an N ippo s t r ongyl u s  b r a s i l i en s i s  ( N . b . ) 
i n f e c t i on . 

Me thods : 
Ova l bum i n , 0 . 1  mg p l u s  ad j uvan t , 
p e r i t one a l l y  i n  Hoode d  L i s t e r  r a t s  
On d a y  0 t h e  r a t s  w e r e  g i ven dos e s  
or 1 0 0 0  N . b .  i n f e c t i on s . 

w a s  i n j e c t ed 
on d a y  - 2 4 . 
o f  1 0  M . m . , 

i n t r a -

5 0  M . m .  

An t he l m i n t h i c  t r e a tm e n t  o f  t h e  M . m . i n f e c t i on ,  Oxy c l o ­
z a n i d  1 7 0  mg/kg r a t , w a s  g i ve n  d a y  6 3  a n d  6 4 . 
C ha l l enge N . b .  i n f e c t i on w a s  g i v e n  d a y  7 8 . 
An t i  worm IgE and a n t i  ov a l bum i n  I g E  t i t e r s  w e r e  
m e a s u r ed i n  W i s t a r  r a t s  b y  P C A  ( P a s s i v e  C u t aneous An a ­
phy l ax i s ) t e s t  us ing t w o  f o l d  s e r i a l  d i l u t i ons o f  s e r a . 
To t a l  IgE w a s  m e a s u r e d  by P R I S T  ( P a p e r  R a d i o  Immuno 
Sorbent T e s t )  us ing a r a bb i t  a n t i  r a t  IgE p r e p a r ed i n  
our l abor a tory . 

R e s u l t s : 
IgE p o t en t i a t i on ( r i s e i n  h e t e r o l og o u s  I g E ) w a s  d e t e c ­
t ed i n  t o t a l  I g E  as we l l  a s  a n t i  ova l bum i n  IgE d u r i ng 
t h e  N . b .  i n f e c t ion , b u t  n o t  dur i ng t h e  M . m .  i n f e c t i o n s . 
Ho s t  age and M . m .  dos e i n f l u e n c e d  t h e  t im e  of d e t e c ­
t ab l e  a n t i  worm IgE o c c u r i ng d a y  1 0  - 2 4  p . i .  whe r e a s  
t h e  r a t e  o f  i n c r e a s e  and t h e  m a x i mum l e v e l  ( 1 0 2 4  
4 0 9 6 ) o f  t h e  ant i body t i t e r  w a s  d o s e  and hos t a g e  
i n d e p e nde n t . T h e  a n t i  N . b .  IgE t i t e r  b e c ame pos i t i v e  
d a y  2 1  p . i .  w i t h i n  t h e  t i m e  r a nge o b s e r v e d  f o r  t h e  M . m .  
i n f e c t i ons and i nc r e a s e d  w i t h t h e  s am e  r a t e  a s  i n  t h e  
M . m .  i n f e c t i on s  to a s i m i l ar h i gh t i t r e  l ev e l . 
In t h e  M . m .  i n f e c t ions , the t i m i ng a n d  i n c r e a s e  o f  
to t a l  I g E  r e f l e c t ed t h e  a n t i  worm s p e c i f i c IgE . 
An t i  M . m .  IgE was po t e n t i a t e d  by an N . b . i n f e c t i on , a n d  
a n t i  M . m .  IgE qu i c k l y  d e c r e a s ed a f t e r  a n t h e l m i n t h i c  
r e mova l o f  M . m .  

Con c l u s i on : 
M . m .  and N . b .  i n f e c t i ons induced t h e  s am e  i n c r e a s e  r a t e  
and a comp a r a b l e  m a x i mum l e ve l o f  w o r m  s p e c i f i c  IgE i n  
r a t s . In con t r a s t  to N . b . , a M . m .  i n f e c t i on d i d  n o t  
i nduce po t e n t i a t ion o f  ( h e t e ro l og o u s ) I g E  a n t ibod i e s . 

1 1 4  
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COMPARI SON OF IgG ANT I BOD I E S  AGAINST 
TOXOPLASMA GONDI I IN MATERNAL BLOD , CORD BLOOD , 

AND ON B LOOD COLLECTED ON F I LTERPAPER . 

*
Lebech M . , Olesen- Larsen S . , Petersen E .  

Statens Seruminstitut , Copenhagen 2300 Denmark . 

OBJECTIVE 
In a screeningprogram for toxopl asmos i s  in 
pregnancy one of the tests has to be carried out 
a fter the del ivery . Neonatal screening for 
Phenylketonuri a ,  and hypothyroi d i sm is compul s ory 
in Denmark and i s  caried out on blodspots on 
f i l terpaper . As the analys i s  i s  central i sed 
add i t ional test could eas i ly be performed at low 
cost . We wanted to investigate i f  the PKU - f i l  ter­
paper could be used for the detection of IgG­
antibodies against Toxoplasma gond i i . 
METHODS 
2 2 1  coherent samples of maternal seru�, cord ­
serum , and 3 - 1 0 mm discs from f i l terpaper , were 
examined with an E L I SA for anti - Toxopl a sma IgG . 
RESUL'l'S 
( 3 2 % ) of the samples was found to be I gG po s i t i ­
ve . Results that compares the ant ibody response 
in the three types of samples are presented . 
CONCLUS IONS 
I t  i s  concl uded that the f i l terpaper pre sently 
used for the PKU and hypothyroidism screening in 
Denmark can be used in a screening for ant i ­
toxoplasma antibodies . 

1 1 5  



SEROLOGICAL DIAGNOSIS OF O CULAR TOXOPLASMOSIS IN 
CHILDHOOD 

Anna Maty i * ,  Zsuzsanna Pel l e * * ,  Erzsebet Racz * ,  J6zsef Folde s * ,  
I l d i k 6  S iiv eges * *  
* Department o f  Clinical Microbiology and 
** Department of  Ophth almology of 

Albert S zent-Gyorgyi Medical University of S zeged, Hungary 

Ocular  toxoplasmosis is the most common infectious cause of 
c h o r i o re t i n a l i n fl a m m a t i o n  i n  n o n i m m u n o c o m p ro m i s e d 
patients.  The aqu i red or congenital toxo p l asmosis is one of the 
m o st i m p o rtant  reason for v i su a l  i m p a i rm en t  m c h i l d h o o d .  
The i n fec t i o n  c an h av e  d i s a stro u s  effe c t s ,  c au s i n g  s e v e r e  
d am ag e s  in  t h e  c e n t r a l  nervous s y s te m : m ic ro c h e ph a l u s ,  
h y d ro c ep h a l u s , mental  retard ati o n ,  e p i le p sy . 

Currentl y ,  the diagnosis of ocular toxoplasmosis is based on 
the observ ation of a necrotizing l esion i n  the fun dus.  Defi n i t i v e  
d i ag n o s i s  i s  u s u a l l y  obtained by serological evidence.  

We have examined 35  children (age between 2 months and 14 
years) d i v i ded into fou r  c l inical  groups accordin g  to Jerome J .  
K a z d an .  
Groups were as fol lows: 
1 /  active ocu l a r  and systemic form ( 1 0  children) 
2/ recurrent ocular form (6 child ren) 
3/ i n act i ve ocu l ar form with/without system ic signs 

(7 chi ldren) 
4/ active ocular form ( 1 2  children) 
S erol o g i c a l  tests we u s e d :  copmlement fix ation (CF),  i nd i re c t  
h e m a g g l u t i n at i o n  ( I H A ) ,  enzy m e  i mm un o as s a y  (EL I S A )  a n d  
i n d i rect  fluorescent antibody test  ( IF A).  

Our results  wil l  be det
.
ai led on the poster according to the 

c l i n i c a l  p i c t u r e  a n d  t h e r a p y  ( C l i n d a m y c i n ,  T i n d u ri n ,  
S u l fo n a m i d ) .  

Conclu sion : Any titer o f  antibody i s  significant because i n  
recurrent o c u l a r  t o x o p l a s m o s i s  there i sn ' t  strong corre l a t i o n  
between the level o f  Toxop lasma gondii titer and activity of the 
ocu l ar d isease.  The early di agnosis  and treatment of the act ive 
fo rm i s  essen t i a l  to p re v ent  the m o re s e ri o u s  ocul ar a n d  
n e u ro l o gi c a l  sy m p t o m s .  

1 16  
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TOXOPLASMOSIS IN BROWN HARE (Lepus europaeus ) 

Katarina Gustafsson and Arvid U ggla 

Department of Cattle and Sheep Diseases, Faculty of Veteri­
nary Medicine, Swedish University of Agricultural Sciences, 
P.O. Box 70 19, S-750 07 Uppsala, Sweden. 

Objective. Toxoplasmosis is a common post-mortem diagnosis 
in hares in Sweden. The aim of the present investigation was 
to study, by means of immunodiagnostic methods, the inciden­
ce of acute toxoplasmosis as well as the prevalence of latent 
Toxoplasma gondii infection in brown hares (Lepus europaeus 
P . )  in Sweden. 
Methods. The peroxidase anti-peroxidase (PAP) staining 
technique, employing mouse anti-Toxoplasma serum, was used 
as a complement to routine histopathology to detect T.gondii 
infection in liver tissue sections from 388 brown hares subjec­
ted to autopsy. 
The prevalence of antibodies to T. gondii in serum samples 
from 1 76 seemingly healthy brown hares was studied, using 
direct agglutination test (DAT) and enzyme-linked immunoas ­
say (ELISA). Selected sera were also subjected to immunofluo­
rescent antibody test (IF AT) and Sabin Feldman dye test (DT). 
Results. Morphological changes in the liver due to acute toxo­
plasmosis consisted of multiple, irregularly shaped necrotic 
areas, well defined from the surrounding normal tissue .  T. 
gondii organisms were detected on basis of positive PAP stai­
ning in 39 (10 , 1%) out of the 388 cases. 
Antibodies to T. gondii were not detected in any of the 176 
brown hares included in the serological study. 
Conclusions. The high incidence of acute toxoplasmosis in 
combination with a low prevalence of latent infection suggests 
a high susceptibility for T. gondii infection in the brown hare 
in Sweden. 
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IN VITRO CULTURE OF TOXOPLASMA GONDII 
Frida Edberg, Ewert Linder. 

Department of Parasitology, The National Bacteriological 
Laboratory, Stockholm, Sweden. 

Objective:  To evaluate in vitro cultured T. gondii trophozoites 
as a source of antigen for diagnostic use in toxoplasmosis. 

Methods: The in vitro culture of T. gondii, RH strain, has been 
established using glioma cell line MG 251 as host cells. The yield 
of parasites was calculated. The in vitro growth characteristics of 
trophozoites serially cultured for about 3 months and 
trophozoites obtained "fresh" from peritoneally infected mice 
was compared. The number of free trophozoites in the culture 
medium was determined at 24 h intervals . NP 40-soluble 
extracts of in vitro cultured and in vivo cultured T. gondii was 
run on 1 0,6% SDS-PAGE, transferred to a nitrocellulose 
membrane and used for western blotting with rabbit-anti-T. 
gondii sera, sera from patients obtained after infection and the 
monoclonal antibody 6E2. 

Results: The yield of organisms from in vitro cultured 
trophozoites is approximately 200-fold.  The comparison 
between in vitro and in vivo cultivated trophozoites showed 
no differences in multiplication rate. In the western blotting 
some small differences was seen. 

Conclusion: Most antigens recognized by our anti-T. gondii sera 
were present in parasites obtained by the two culture methods. 
The in vitro cultured parasites have several advantages over 
the in vivo cultured trophozoites: - on ethical grounds; - it 
becomes cheaper and the procedure involves no risk of mouse 
contamination. However the differences in immunoblotting 
pattern using patient sera may be of importance and will be 
furthered investigated . 

1 18 



TRIAL OF A LIVE TOXOPLASMA ( S 4 8 )  VACCINE IN SHEEP 

Davi d  Buxton* ,  Hans Bos* * ,  Kate Thomson* ,  S tephen 
Mal ey *  and Steven Wright* 
*Moredun Research Institute , 4 0 8  G ilmerton Road , 
Edinburgh EH17 7JH . 
* * Intervet , I nternatioanl B . V . , Postbox 3 1 ,  
Boxmeer , The Netherlands . 

Obj e c t ive . To test the e f f i cacy o f  the l ive 
incomp l ete S 4 8  stra in o f  Toxopla sma gondi i  in 
protecting pregnant sheep aga inst cha l lenge w ith 
a compl ete (M3 ) i s o l ate of � gond i i . 
Methods . S ixty four pregnant ewes , vacc inated 7 7  
days be fore mating with l ive S 4 8  Toxopl a sma 
tachy z o ites , were cha l l enged ora l ly with M3 
oocysts at 90 days gestat ion , as were 3 0  
unvaccinated ewes . These anima l s , al ong with a 
further group o f  2 0  uncha l l enged control ewes , 
were monitored unt i l  after lamb ing . 
Resul t s . Vaccinated ewes were febr ile for a few 
days after vaccination . Antibody to the para s ite 
then rose to high values before decl ining 
gradu a l ly over the ensuing weeks . After 
cha l l enge with oocysts vaccinated ewes deve l oped 
an eal ier , l es s er and shorter febr i l e  response 
than unvacc inated anima l s . Both groups devel oped 
high t itres of ant ibody . Only 1 8 %  of lambs from 
unvac c i nated ewes survived compared with 7 6 %  from 
the vaccinated anima l s . The l atter a l s o  produced 
heavier lambs although two thi rds of them were 
born infected . A l l  l ambs from the unchal lenged 
control group were born l ive and uninfected . 
conc l u s i ons . Live S 4 8  Toxopla sma tachy z o ites can 
ihduce a short l ived infecti on in sheep whi ch 
l eaves them uninfected but subs tanti a l ly immune 
to chal l enge . 
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I M M U N IZATI ON OF M I C E  WITH TOXOPLASMA GOND/1 ISCOMS FOLLOWE D  BY 
ORAL CHALLENGE WITH CYSTS AND OOCYSTS 

Anna Lu nden* Fausto G. Araujo** Kari n Lovgren°,  Arvid Ugg la* and J ack S .  
R e m i n g t o n * *  
• Swed ish U n iversity o f  Agricu ltural Sciences, U ppsala, Swed e n ,  • •  Research 

I n st i t u t e ,  Palo Al to  Medical  Fo undat i o n ,  Palo Alto,  CA,  USA, o N at i o n a l  
Vete rinary I nstitute, U ppsala, Swed en 

O bj e ct i v e : The iscom is  a h i g h l y  i m m u n o g e n i c  f o r m u l at i o n  of a n t i g e n s  
i ncorporated i nto a m atrix co nsisting of the adj uvant Qui !  A a n d  ch olestero l .  

I m mu n iz ation with Tox op lasma iscoms has been s hown to resu l t  i n  p rotectio n  
ag ai n st a lethal infect ion o f  T gondii tachyzoites i n oc u l ated i ntraperito n e a l l y  
( i p ) .  The a im o f  t h is study was t o  investigate the i m m u n i ty agai nst a nat u ra l  
mode of  i nfect ion,  namely ora l  i nfection with  cysts and oocysts. 
Met h o d s :  Tox oplasma i scoms were prepared from strain RH T gondii tac h y­
z oites. The major  ant igens i n  the iscoms as seen i n  i m m � oblots were the 
membrane antigens P22 and P30 (identified by monoclo nal antibodies) ,  a group 
of ant igens with an approx i m ate molec u l a r  weight  of 4 0000-60000 and one 

ant igen of app rox imately 6000. 
25 mice were injected subcutano usly three t i m es with 6 weeks intervals with 
iscoms (5 flg p rotein/m ouse),  and 25 control mice were i njected with matrix,  

(1 0 flg Qui l  A/mo use) . One week after the seco nd i m m u n ization three m ice from 

each g roup were bled and sera were an alysed for antibod ies to T gondii by 
E L ISA. In addit ion 3 m ice were tested for de layed type h ypersensit iv ity ( DTH) 
by a foot  pad assay. 
1 7  day s  after the th i rd i m m u n ization,  8 mice from each g roup were i n oculated 
o ral ly with 1 0 strain C56 cysts , 9 w ith 250 strai n Me 49 oocysts and 8 w e re 
i njected ip with 2 . 5  x 1 0(4)  strain C56 tachyzoites.  M o rtal ity was recorded 

for 30 days and brains of su rvivors were exami ned for presence of Tox o ­
plasma cysts. 
Re s u l t s :  H i g h  t iters of antibodies to T gondii and a DTH react ion w e re 

detected in immunized m ice but not in control mice. 

Chal lenge with cysts resul ted in death of 6 i m munized mice and all control mice. 

In the g ro u p  c h a l l enged with oocysts only one i m m u n iz ed m ouse but all  8 
controls died.  Of the mice in ocu lated with tachyzoites al l  except one imm unized 
mouse d ied.  The condit ional  probabi l ity of survival was s i g n if icantly h ig h e r  for 
the i m m u n ized mice chal lenged with oocysts and tachyzoites,  than for t h e  
c o n t ro l s .  I n  t h e  g ro u p  i n ocu lated w i t h  cysts t h e re was no stat ist ica l l y  
sig n i ficant d ifference between immunized and control mice. 
Toxoplasma cysts were found in brains of al l  s u rviving mice. 
Conclus ion :  I m mun izati on of m ice with i scoms contai n i ng a restricted number  
of ant igens of T gondii resu lted i n  protective i m m u n ity ag ai nst lethal  o ra l  

chal lenge with oocysts, partial protection ag ainst ip  c h al lenge w i t h  tachyzoites, 
but n o  measurable p rotection against oral challenge with cysts. 

The o utcome of the tachyzoite challenge is in accord ance w ith previous studies.  

The d ifferent res ul t  with oocysts and cysts might b e  d u e  to d iffere nces i n  

v iru lence between t h e  strains and stages used, o r  t o  d i ffere nce i n  chal lenge 
dose, compared to  m i n imal lethal dose. 
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A NON-CYSTFORMING STRAIN OF TOXOPLASMA CAN BE SAFELY USED 
FOR VACCINATION AGAINST OVINE ABORT ION 

Hans J .  B a s  
I ntervet I nternat ional bv , P . O . B o x  3 1 ,  5 8 3 0  AA Boxmeer ,  
The Nether land s . 

I n fection with Toxop l asma gondi i  i s  widely recognized as a 
maj or cause o f  abort ion and barrenne s s  in s heep , mo s t l y  in 
maiden ewes which have not yet been in contact with the 
paras ite . As soon as ewes have ingested oocys t s  produced 
by c at s  the most l ike ly source o f  in fect ion - t hey 
become s eropo s it ive and are protected against abort ion . 
This su st ained immunity is bel ieved to be c aused by the 
pre sence o f  t i s sue cyst s ,  and w i l l b e  boosted by l ater 
infect ions . 
Strain S 4 8  was i so l ated in New Z e a l and from f e t a l  
cotyledons o f  a n  aborted l amb many ye�rs a g o  and has b e e n  
pas s aged through m i c e  ever s ince i n  the t achyzoite stage . 
Dur ing those pas s ages it has lost the c apac ity to form 
t i s sue cyst s . It also appeared to have lost the capacity 
to f orm oocys t s  in c at s . The strain i s  lethal t o  the 
mou s e : even a s ingle t achyzoite wi l l  k i l l  the mou s e . 
For s afety and ethical reasons one c annot u s e  the mou se a s  
a product ion anima l . 
There fore , we adapted the strain to cont inuou s in vitro 
c� lt ivat ion . Master seed has been frozen down , stored in 
l iqu id n itroge n , and tested for absence o f  a l arge variety 
o f  pathogens .  
The s a fety o f  this l ive vac c ine has been demonstrated by 
in fect ing SPF lambs with a, high dose . The vacc ine cau s e s  a 
temporary febr i l e  re sponse , but no c l in i c a l  symptoms . 
U s ing the mou s e  as an indicator no para s it e s  ( bradyzoit e s , 
t i s su e  c y st s )  cou l d  be detected in the mu s c l e s  or brain 
t i s sue o f  the l amb s . When c at s  were fed these t i s sue s ,  
they did not produce oocyst s .  
When ewes are vacc inated 4 - 6  weeks be fore mat ing they 
deve l op ant ibody t itres whi c h  gradu a l ly drop to l ow 
leve l s .  A strong and pers i stent protect ive immun it y  
against abort ion , however , i s  induced ( see paper b y  
D .  Buxton e t  a l ) .  
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THE INCIDENCE OF TOXOPLASMA ANT IBODIES 
AMONG 5 , 5 3 1  PREGNANT WOMEN I N  DENMARK . 
A PROSPECT IVE STUDY . 

* Lebech M . , Petersen E . , Olesen- Larsen S .  
Statens seruminsti tut , Copenhagen 2300 Denmark . 

OB JECTIVE 
Infection with Toxoplasma gondi i  i n  the pregnancy 
wi l l  in about 50% of the cases be transmitted to 
the fetus , and can result in fetal death or the 
birth of a severely handicapped chi ld . Knowledge 
of the preval ence of antibodies in fert i l e  women 
w i l l  make i t  pos s ible to est imate the extent o f  
congenital toxoplasmos is . The purpose o f  this 
study was to describe the prevalence , incidence 
and geografical d i stribution of toxopl asmo s i s  i n  
Denmark . 
METHODS 
Consecutive sera from 5 ,  5 3 1  pregnant women , taken 
at the f i r s t  post - concept ional contact was 
studied . Sera was tested for spec i f i c  I gG ant i ­
bod ies by enzyme - l inked immunosorbent a s s ay 
( EL I SA ) , and for I gM antibodies by captu-re - E L I SA . 
The result was rel ated to the womans age , and 
pl ace of l iving ( area of country and s i ze o f  
town ) . 
RESULTS 
2 7 %  of the woman were IgG seropo s i t ive . A yearly 
rate o f  seroconversion at p =o , o l l 6  ( SE = 0 , 0 0 1 6 ) 
was e s t imated , and could be concordant with a 
constant rate o f  seroconvers ion f rom the age o f  
0 year and onwards . 32 woman had a pos i t ive I gM 
resul t ,  i ndicating " recent " infecti on ,  cons i stent 
with the estimated rate of seroconvers ion . No 
geografic d i f ferences were observed . 
CONCLUSIONS 
The res u l t s  indicate that 0 , 6 5 %  of pregnant 
danish women annual ly will be infected with 
toxopl asmos i s , and are at the risk o f  getting a 
chi ld with a congenital 1nfection . 
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SEROPREVALENCE OF Toxopl asma gondi i IN FATTENING 
PIGS IN F INLAND 

* ** I *** 
A . Oksanen , A . Uggla & S . N1kander 
*Nat . Vet . I nstitute , P . O .  Box 5 1 7 , SF-9 0 1 0 1  Oulu , 
* *  Univ . Agricultural Science , Uppsala , Sweden , 
* * * Col l . Veterinary Medicine , Hel s i nki , Finl and 

Obj e ct ive . The presence of ant ibodies to Toxopl asma 
gond i i  in p ig s  i s  a n  indicator o f  infect i on i n  the 
t issues of the anima l s  tested . S ince the prevalence 
of T . gond i i  i n  p igs in Finland had not prev i ou s l y  
been reported , a survey was conducted to study t o  
what extent fattening p i g s  in this country may 
harbour ant ibodies to T .  gond i i , indicating that 
they may serve as a source o f  human infection . 

Methods . Bl ood samples were c o l l ected randomly 
during spring 1 9 8 8  from 3 07 fattening pigs at four 
abatto irs l ocated in d i f ferent parts of Finl and . 
The b lood was taken from the stick wound a fter 
stunning the animal s .  Fol l owing preparation , the 
sera were kept at -2 0°C for serological analys is . 
The samp l e s  were initially screened in dupl icate by 
enzyme l inked immunosorbent assay ( ELISA) at a 
di lution o f  1 : 1 0 0  (Uggla ,  A .  & N i l sson , L . -A . : 
Devel op B i o l  Stand 1 9 8 5 , 6 2 , 3 7 -4 2 )  and s amp l e s  
showing pos i t ive absorption values were f i na l l y  
t itrated b y  a n  indirect fluorescent antibody 
technique ( IFAT ) to thei r  endpo int t itres ( Uggla ,  
A .  & I lj ort , M . : Acta Vet Scand 1 9 8 4 , 2 5 ,  5 6 7 - 57 6 ) . 
I FAT t i  tres equal to or exceeding 1 2 0 were 
regarded as positive . 

Re sul ts . Only one out of the 3 0 7 p igs tested was 
found to have antibodies to T .  gond i i . The 
preval ences o f  seropos itive p igs ( IFAT � 1 : 2 0 )  at 
the four abattoirs , from south to north , were thus 
0 % ,  0 % ,  1 . 5  % and 0 % ,  respectively , g iv ing an 
overal l  prevalence of 0 . 3  % .  

Conclus ions . The seroprevalence found here was 
remarkably l ow a s  compared to results from other 
parts o f  Europe . It should be kept in mind , 
however , that only a sma l l  number o f  pigs were 
tested and that only young anima l s  were included , 
whereas the rate o f  T . gond i i  infection in domestic 
anima l s  general ly increases w ith age . Nevertheless , 
the present results indicate that F inni sh p igs are 
not important as a source of human toxopl asmo s i s . 
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A C OMPARISON OF SOME C OMMERCIAL TEST-KITS 
FOR DETECTION OF SERUM-ANTIB ODIES TO TOXO­
PLASMA GONDII IN ANIMALS. 

Britt-Louise Ljungstrom*,  GOran Zakrisson** 
*Swedish University of Agricultural Sciences, Uppsala 
**National Veterinary Institute, Upp sala, Sweden 

Different diagnostic tests for detection of serum antibodies to 
Toxoplaxma gondii were compared with respect to sensitivi ­
ty, specificity and rapidity. Fiftyeight ovine, sixty porcine and 
sixty feline sera were respectively tested by: Indirect fluore ­
sceine antibody test ( IF AT, bioMerieux Toxospot), direct agg­
lutination test (DA, bioMerieux Toxoscreen) , latex agglutina­
tion test (LA ANI Biotech OY Biocard Toxo Ab) and enzyme­
linked immunosorbent assay (ELISA), using Toxoplasma an­
tigen produced by National Bacteriological Laboratory (SBL), 
Stockholm. 
In general,  there was a good agreement among IFAT, DA 
and LA tests, which all showed expected results. However, a 
few samples of each animal species showing low titres in the 
three mentioned tests, were found negative in the ELISA. 
The quickest test to perform was LA which took 30 - 50 min 
for a single sample. Ten such tests took about 1- 1 112hs. It 
took about 2 1/2hs to test 10 samp les by IFAT. To run DA 
and ELISA took between 5 and 6 hs, each for 30 samples. 
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SELECTIVE BINDING OF TOXOPLASMA GONDII 
ANTIGENS TO HUMAN CELLS IN VITRO 
Frida Edberg, Ewert Linder. 

Department of Parasitology, The National Bacteriological 
Laboratory, Stockholm, Sweden. 

Objective: Components of T. gondii with selective binding 
capacity to the plasma membrane of host cells may be involved 
in attachment, penetration and protection of the parasite. The 
present study was preformed to identify such parasite 
components. 

Methods: Homogenate of trophozoites of RH strain of T. gondii 
was incubated with glioma cell line MG 251 grown on slides and 
the bound antigens were detected by indirect 
immunofluorescence (IF) and western blottings using 
monoclonal anti-T. gondii antibody 6E2, rabbit antisera obtained 
by infection with toxo strain 626 /62 and sera from patients 
obtained after toxoplasma infection. As conjugates the 
appropriate FITC-anti-immunoglobulin was used. 
For the western blotting glioma cells were incubated with the 
parasite preparation, washed, run on a 1 0,5% SDS-PAGE and 
transferred to a nitrocellulose membrane. Bound T. gondii 
antigens were detected by incubation with the antisera, the 
appropriate HRP-conjugated anti-immunoglobulin and 
developed with diaminobenzidine and H202. 

Results: Binding of parasite antigen to the surface of the cells 
was demonstrated with IF. Western blotting showed selective 
binding of a number of T. gondii components from 27 to 65 kDa 
to the cells. One was the 30 kDa antigen to which the 
monoclonal antibody 6E2 is directed . 

Conclusion: Several components including the 30 kDa antigen 
recognized by our monoclonal antibody seems to bind 
selectively to the plasma membrane of cultured glioma cells. 
They remain to be furthered characterized. 

125 



IDENTIFICATION OF A SECRETED TOXOPLASMA GONDII 
ANTIGEN ASSOCIATED WITH THE P ARASITOPHOROUS 
VACUOLE OF THE HOST CELL 

E. Linder1 , C. Thors1 , F. Edberg1, S. Haglund1 and C.-H. von 
Bonsdorf£2 

1 Department of Parasitology, The National Bacteriological 
Laboratory, 
S-1 0521 Stockholm, Sweden 

2 Department of Virology, University of Helsinki, SF 0029 
Helsinki, Finland 

Objective: An attempt was made to produce monoclonal 

antibodies against putative "circulating antigens" of 

Toxoplasma gondii .  
Methods: BALB / c  mice were infected with T. gondi RH strain 

and bled from the tail vein into heparinized tubes. After 

centrifugation 1 000 g plasma was filtered through 0.45 mm 

membrane and injected intaperitoneally into BALBI c mice for 

production monoclonal antibodies . Screening for anti­

toxoplasma antibody producing hybridomas was performed by 

indirect immunofluorescence. 

Results and Discussion: A monoclonal antibody was obtained 

which reacts with a 30 kDa cytoplasmic parasite antigen. 

According to immunofluorescence and ultrastructural 

immunolabeling studies the antigen is secreted from 

intracellular dense granules of parasites and incorporated into 

the membrane of the parasitophorous vacuole of infected host 

cells. It is absent from the parasite surface membrane. The 

mechanism for appearence of the 30 kDa antigen in the plasma 

is not known. The mechanism for appearence of the 30 kDa 

antigen in the plasma is not known. The immunization 

procedure makes the 30 kDa antigen a putative circulating 

toxoplasma antigen. 
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TOXOPLASMA GOND/1: CROSS-REACTING ANTIGENS AND 
RECEPTORS AS SOCIA TED WITH TilE RETINAL PIGMENT 
EPITHELIUM (RPE) 

Inger Ljungstrom*, Nicol McKechnie**, Gabriele Braun** and 
David Taylor** 
*National Bacteriological Laboratory, S-105 21 Stockholm, Sweden 
** University of Cambridge, Cambridge, United Kingdom 

Objective. To study the mechanisms underlying the tissue damage 
associated withT.gondii invasion of the retina. 
Methods. Immunoprecipitaiton of s35-labelled saline extract of human 
RPE antigens by sera collected from T.gondii infected patients with 
chorioretinitis. Immunoprecipitaiton of 1125-labelled saline extract of 
human RPE antigens by sera collected from T.gondii infected and non­
infected rabbits. Western blot analysis performed on a saline extract of 
T.gondii tachyzoites using antisera raised against the OV39 recombinant 
antigen of 0. volvulus and sera from human toxoplasmosis patients. 
Analysis of S 35-labelled RPE proteins eluted from a T.gondii-Sepharose 
affmity column. Two-dimensional analysis of S35-labelled T.gondii 
protein(s) eluted from a RPE-Sepharose affinity column. 

-

Results. Indication of immunological cross-reaction between T.gondii 
and RPE came from the experiments in which radiolabelled homogenate of 
RPE was mixed with T.gondii positive sera. Four of nine human sera 
tested precipitated RPE antigens of 17 and 32 kD as did the rabbit antisera, 
which also indentified a third component of 19 kD. Antisera raised against 
a 22kD O.volvulus recombinant antigen that cross-reacts with a 44kD 
component of human RPE, recognises two T.gondii antigens with m.w. 
of 33 and 27 kD using Western blotting analysis. Tirree major components 
of RPE with molecular weights of 70, 54, and 30 kD were eluted from the 
T.gondii-column. Only the 30kD component was identified after an aliquot 
of the affmity column matrix was boiled in 1 %  SDS. The reciprocal experi­
ment revealed the presence of a single protein, m.w. of 30 kD when ana­
lysed on single dimension SDS-PAGE. In two dimensional SDS-PAGE/ 
IEF resolved two components with PI values of 6.5 and 6.8. 
Conclusion. Preliminary evidence has .been obtained for a specific immu­
nological cross-reactivity between T.gondii and human RPE cells. Two 
RPE antigens with m. w of 17 and 32 kD have been identified. T.gondii 
exhibits a tropism for retinal tissue which suggests existence of specific 
receptors. The results presented are preliminary and although some of the 
molecules identified are of similar size to parasite and host proteins already 
described, we have no evidence of homology. 
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RECENT OUTBREAKS OF BOVINE CYSTICERCOSIS IN NORWAY. 

Jorun Tharaldsen and Eystein Skjerve. Norwegian College of Veterinary 
Medicine, P.O .Box 8146 Dep, Oslo, Norway 

Cysticercosis i s  rarely d iagnosed i n  cattle in Norway; in 1989, cysts of 
Taenia. sa.gina.ta were reported jn only 0.03 % of all cattle slaughtered. In 
most cases, th ey represent stray animals, in which only few cysts are. 
detected, and the cysts are often old and calcified. 
In 1990, several cases of cysticercosis were diagnosed, and in many 
instan ces , the number of animals infected in each herd was high, and the 
animals were often heavily infected. Most of these cases were reported 
from the county Rogaland, in south-western Norway, and several were 
di agnosed i n  ani mals which were permanently stabl ed , but h ad been fed 
fresh grass wh i ch had probably been contamin ated with untreated sewage. 
Further detai ls  on th e possible sources of infection will be dealt with. 
Our findings i ndicate that the existing regulations on the use of 
sewage/sludge are n ot al ways enforced. Stricter practices sh ould be 
applied, and m ore information given to the farmers on the possibl e risks of 
transmitting parasites to their cattle, and eventually to man. 
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THE EXCRETION OF EIMERIA N  OOCYSTS IN CALVES DURING THEIR FIRST 

WEEKS ON PASTURE 

Catarina Svensson * ,  Bo Pehrson* ,  Arvid Uggla* * 

*Experi mental Station, Veterinary Institute, Skara, Sweden 

* * Swedish University of A gricultural Sciences, Uppsala, Sweden 

Objective. Recent clinical experience in Sweden has shown that l arge amounts of 

Eimerian oocysts often are excreted i n  the faeces of calves with diarrhoea during their 

first weeks on pasture. The aim of this study was to examine the excretion pattern of these 

oocysts, to i dentify the species involved, and to get indications of their clinical 

significance. 

Methods. Fecal samples were collected from 79 calves, 4- 1 6  months old, during the last 

two weeks before and the first three weeks after turning them out on pasture. Ten dairy 

herds were included. In two of them, outbreaks of clinical diarrhoea in calves during the 

first weeks of the grazing period, had been reported the preceding years. All pastures had 

been used for calves the previous grazing season. 

Results. In seven of the herds, most of the calves got a transitory diarrhoea after 4-6 days 

on pasture, which in some of them lead to obvious loss of condition. A significant 

increase in oocyst output, starting after 6- 15 days on pasture and with a peak after 9- 15 
days, was noticed in eight of the herds. The amount of oocysts had returned to initial 

levels 15-23 days after turnout. Eimeria alabamensis was the quantitatively dominating 

species in all herds. Oocysts of E. bovis, E. bukidnorrensis, E. cylindrica, E. ellipsoidalis, 

E. pel/ita, E. subspherica, E. zuemii, E. aubumensis and/or E. wyomingensis were found 

in low numbers. The period from transfer of the animals to pasture until the i ncrease in 
oocyst excretion conesponds to the prepatent period of E. a.labamensis, which makes 

wintering oocysts of this species a conceivable source of infection. 

Conclusion. The investigation indicates that E. a.labamensis is an etiological factor of 
diarrhoea in first-year-grazing calves in Sweden. 
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GAS TRIN AND GASTRIN-RELATED R E S P ONS E S  TO Os tertagi a 
ostertagi I NF E C T I ON IN THE CALF 

M . T . Fox , P . Sh iva l kar , A . P . Carro l l , D . G e r e l l i  and 
D . E . Ja c o b s  The Roy a l  Ve t erin ary Col l e ge ( Un i versi ty of 
London } , Un i t ed Kin gdom 

The m o s t  importa n t  gastro - i nt e s t i n a l p a r a s i t e  o f  
catt l e  i n  Northern Europe i s  the a boma s a l nemat o d e  
Os tertagia o s t e r t a gi . I n f ec t i o n  w it h  t h i s  p a r a s i t e  h a s  
been s hown to imp a i r  t h e  e f f i c i e n cy o f  d ig e s t i o n  b y  
l ower i ng t h e  prod u c t i on o f  HC l i n  t h e  s tomach a n d  
e l evat i ng g a s t r i c  pH . Th i s  i ncrea s e s  s e c ret i o n  o f  the 
gut p ep t i d e  g a s t r i n  f r om G - ce l l s  i n  the p y l or i c  a ntrum 
wh ich 1 )  s t imu l at e s  a c i d p r oduct i o n  a n d  hypertrophy o f  
the f un d i c  mucos a ;  2 )  s l ows down r et i cu l o -rumen a l  
mot i l i t y  and a boma s a l  empty i n g  wh i ch l e ads t o  a s ta s i s  
o f  i ng e s t a  a n d  a drop i n  f eed i nt a k e . Th i s  depres s i o n  
i n  appet i t e  i s , i n  turn , l arge l y  r e s p on s i b l e  f o r  t h e  
p o o r  w e i ght ga i n  shown b y  p a ra s i  t i s ed ca l ves . Th i s  
p aper r ev i ews recent progres s i n  e lu c i d a t i ng the 
mech an i sm s  u n d e r l y ing these event s . 
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IN V IVO PASSAGE OF STRESS SELECTED NEMATOPHAGOUS FUNGI IN 
CALVES .  

M .  Lar s en « , J .  Wo l s trup « , J .  Gr�nvo l d « , P .  Nansen« and Sv . 
Aa . Henrikse n « « 
« Royal Veterinary and Ag ricultural Unive r s i t y , Frede ­

r iksberg C ,  DENMARK 
W «  Nat ional Vet e r inary Laboratory , Frederiksberg C ,  DENMARK . 

Obj ective . A study was made on the surviva l and resul tant 
act ivity of s t r e s s  s e lected nematophagous fungi after i n  
vivo pas s age in calves . 
Methods . Calves were fed twice daily w i t h  fungal mater ial on 
barley grai ns . Faeces were collected on the 4 th and 5 t h day 
after s t art of the exp e r iment . The c apac ity of the fun g i  to 
reduce the deve lopmen t  of par a s i t ic larvae in the c o l lected 
faeces was t e s t e d  b y  mixing the ' fungus ' faeces w i th faeces 
contain ing egg s of Ostertagia ostertagi . This f aecal m ixture 
was u s e d  to f o rm 1 2 5  g dung pats that were i ncubated for 3 
and 4 we eks . Numbe rs of infect ive larvae deve l oped were 
reg is tered a f t e r  bae rman extrac t ion . Dung pats w i tho u t  
fungal mat erial but containing nematode e g g s  were used as 
contro l s . By u s i ng the s ame b a s i c  mat e r i a l s  convent ional 
vermicu l ite faecal cu lture s were set up for the same 
incubation period and cond i t ion s . Recogn i z ab l e  bar ley grains 
were washed out o f  the f resh faeces and i ncubated on water 
agar p lates . 
Results . In dung pats e ight out o f  t e n  fungal i s o lates 
showed a c apa c i t y  to reduce deve lop ing 0. ostertagi larvae 
by approximate l y  85% . I n  vermicu l i t e  cultures the reduc ing 
c apac i t y  tended to be even higher i n  that f ive out o f  the 
isolates reduced the numbers , of larvae by more than 95% . 
Comparing the two ' f aeca l  culture techn ique s ' it was evident 
that the vermicu l i t e  culture resulted i n  more uniform data 
than the dung pat a s s ay , which s howed a higher variab i l i t y  
i n  larval recove r ies . O u t  o f  ten fungal i so lates t e s t e d  ni ne 
cou l d  b e  rei s o l a  ted f rom the plates i ncubated with the 
barley grains or iginat ing f rom the f re s h  f aeces s amp l e s . 
Conclusion . The exper ime nt c learly s howed a h igh abi l ity of 
s e l e c te d  fung i to survive the pas s age t hrough calves a s  we l l  
as a c apac i ty to subs eque n t l y  reduce the number of 
deve l op i n g  paras i t i c  larvae in t h e  f aece s . 
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ESTIMATION OF GRASS INTAKE IN GASTROI NTESTINAL NEMATODE 
INFECTED SHEEP. 

S.M. Thamsborg*, N .  Agergard**,  P .  Nansen*, R .  J .  Jmgensen*, H .  Ranvig* 
& P. Waller***.  *Royal Vet.& Agri. Univ. ,  Copenhagen, **Nat. l nst. Animal 
Science, Denmark, ***McMaster Lab. ,  Sydney. 

Objectives. Anorexia is an important factor in reducing performance in 
gastrointestinal nematode infected sheep. l ntraruminal bol i with constant 
release of inert chromoxide offers possibilities of estimating faecal output and 
if the digestibil ity is known feed intake in grazing animals can be calculated . 
This method was evaluated in housed lambs in the present study. 
Methods. Two groups of each four 5-6 month old lambs from pasture were 
given anthelmintic and placed in metabolic cages and fed grass stored at 
-1 8°C ad lib .. One group was infected with 1 0.000 L3 3-5xjweek (Ostertagia 
and Trichostrongylus spp.) and the other remained as uninfected controls. 
Feed intake and amount of faeces were recorded daily, bodyweight and faecal 
egg counts (EPG) weekly. Faecal dry matter (FDM) and dry matter digestibil ity 
(DMD) were calculated week -1 , 5, 7, 8 and 9 p . i . .  All lambs were dosed with 
chromoxide boli (CaptecChrome, N ufarm, NZ; release 1 65 mg Cr203/day) at 
start of week 6 and FDM were calculated using the chromoxide content in 
faeces week 7, 8 and 9. Worm counts were performed at slaugther week 9. 
Results. The lambs had moderate EPG's at start of experiment and had thus 
been previously exposed to infection. This was reflected in  a variable 
susceptibil ity to the artificial infection. Three of four infected lambs had 2-3000 
EPG week 9 while the last lamb had 8280 EPG (the youngest) . Total worm 
counts ranged 45000 to 54000. Mean weight loss of infected and uninfected 
lambs was 5.3 and 3.6 kg, respectively with large variation within  groups. The 
mean DMD was 68 ± 5  and 68 ± 4  for infected and uninfected lambs, respec­
tively and showed small variation with respect to week. The groups means of 
actual and estimated FDM were as follows: 

g OM 300 

200 

l OP 

0 -
·1 

tNFECTED UNINFECTED 
- Actual  � Eal. 

l l_ . lUI 
g • -1 5 e 

weeks post infection 

Condusion. I n  accordance with the l iterature, the OM d igestibi l ity was not 
found significantly altered in infected sheep as compared to uninfected. The 
correlation between actual faecal dry matter and an estimated value based on 
chromoxid content was satisfactory 2-3 weeks after dosing with the bol i while 
the results obtained earlier i.e. 8-1 2 days after were not. The method offers a 
reliable potential for estimating feed intake in grazing infected sheep. 
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HELIGMOSOMUM MIXTUM (NEMATODA) IN THE BANK VOLE 
CLETHRIONOMYS GLAREOLUS: MORTALITY OF THE HOST 
DEPENDS ON THE NUTRITION 

Heikki Henttonen*,  Timo Soveri** and Voitto Haukisalmi*** 

* Finnish Forest Res. Inst, POB 1 8, SF-01 30 1  Vantaa, Finland 
** Coli. Vet. Med, POB 6, SF-005 8 1  Helsinki, Finland 
*** Dept Zool. ,  Univ. Helsinki, SF-001 00 Helsinki, Finland 

H. mixtum (Nematoda) is the most common helminth parasite of the bank 
vole in Finnish Lapland. Based on our long-term monitoring we have 
earlier concluded that this parasite has a minor impact on the host. 
To test this experimentally we live-trapped voles in autumn 1 989 and 
1990, in the early phase of the annual autumn decline, and kept the voles 
at diets containing 3% or 6% protein in 1 989, and at 3% in 1 990. The 
experiments ran from early October until mid-December. A possibility for 
the natural transmission cycle in H. mixtum was allowed by leaving a part 
of each cage uncleaned weekly. 
Based on our earlier data ( 1 0  years, about 1 000 voles),  the prevalence of 
lumenal H. mixtum in autumn samples of immature voles varies between 
12-94% (mean 6 1  %),  and the highest intensity from nature is 42 worms in 
a host. The infection parameters in early October 1 989 were high: 
prevalence was 96% (23 voles) and intensity 7±6 (mean ± s .d.) .  Of 1 9  
voles studied, only 5 has 1 -2 encysted larvae in the intestinal wall. 
Of the 40 voles at low protein diet in 1 989, 17 died during the 
experiment. At higher protein level, 5 of 36 died (X2=7 . 5 ,  p<0.01) .  The 
main cause of mortality was the massive infection by H. mixtum. The 
mean number of lumenal worms in dead voles was 472±386 (n=1 4) .  The 
mean for encysted larvae in the intestinal wall was 7 6±1 10. The highest 
numbers were 1 5 8 1  lumenal worms and 407 encysted larvae in one host. 
At the end of the experiment, the surviviors had 1 3±9 lumenal worms 
(n=3 8) .  Only 4 of them had 1 -4 encysted larvae. 
Macroscopically the small intestines were dilated and the they contained 
watery ingesta. Parasites and hemorrhages were abundant in the proximal 
small intestine. In the histological sections hemorrhages, mucosal lesions 
and larvae could be found. Pathological diagnosis was severe enteritis 
which had caused most of the deaths. Voles died rapidly, healthy-looking 
voles could be found dead 12 hrs later. The mortality peaked at 4-6 
weeks.  
In the 1 990 experiment mortality was low. This could be due to the much 
lower prevalence of H. mixtum in the field in 1 990 than 1 989. 
We conclude that the seasonal autumn decline of the bank vole can partly 
be due to interaction between parasites and impaired nutrition of the host. 
The autumn prevalence of the parasite seems to be important, too. There 
were also clear individual differences in the susceptibility between the 
voles in the same cage. This suggests also for genetic heterogeneity i n  
voles'  ability to resist parasites. 
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PREVAL ENC E OF An opl ocepha l a  I N  S OUTHEAST ENGLAND 

D . E . Ja cobs Depa r tmen t of Ve teri n a ry Pa thol ogy, 
The Roya l Ve terin ary Co l l e ge ( Un i vers i ty of London } , 
Un i t ed Ki n gdom 

The h o r s e  t a peworm , An opl oceph a l a perfol i a t a , i s  
ubiqu i tous i n  d i s t r i but i o n , yet l it t l e  i s  known o f  i t s  
ep idemi o l ogy or c l i n i c a l  s i gn i f i ca nc e . Some equ i n e  
surgeons be l i eve t h a t  a propor t i o n  o f  h o r s e  c o l i c s , 
part i cu l a r l y  t h o s e  i nv o l v i n g  i n t u s su s c ept i on , a r e  
a s s o c i ated w i th h eavy tapeworm i n f e c t i o n . Th i s  
stimul ated a survey o f  the preva l en c e  o f  th i s  para s it e  
i n  the area a round t h e  RVC equ i n e  c l i n i c j u st n o r t h  o f  
London . E ighty h e a l thy h o r s e s  w e r e  treated w it h  
pyr a n t e l  embon a t e  ( at 3 8  m g j k g  bodywe ight ) a n d  
exp e l l ed tapeworms counted a nd i d e nt i f i e d . I n f e c t i o n  
w a s  f ound a t  6 0 %  o f  surveyed s t a b l e s  a n d  i n  3 1 % o f  
gra z in g  hors e s . There wa s n o  obv i ou s  r e l a t i o n s h i p  
between preva l en c e  a n d  s e x , age o r  breed but i n f e c t i o n  
appeared t o  b e  a b s e n t  i n  perma n e n t l y  s t a b l e d  a n ima l s . 
Fewer t h a n  3 %  h a rboured heavy i n f e c t i on c ompared w i t h  
1 3 %  o f  a s e r i e s  o f  1 3 0  c a s e s  o f  i l e a l  or c a e c a l 
obstruct i o n  t r e ated at the RVC ( Edward s , G . B . , 1 9 8 6 , 
Proc . 1 6 th Congr . Europ . S o c . Vet . surg . 9 9 - 1 0 5 ) . 
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PATHOLOGICAL CHANGES AT THE I LEO-CAECAL JUNCTION OF 
HORSES ASSOCIATED WITH Anoplocephala perfo l i a ta IN AN 
AOATTOIR IN SOUTHWEST ENGLAND. 

Lowri W .  Dav ie s ,  Anthony L .  W h i t e , J .  Kieran O ' B r i e n  
and 
Geoffrey R .  Pear�on. 
Uni versi ty o f  Bri s t o l , School of Ve teri nary Science, 
Langford, Bri s t o l , Un i ted Kingdom. 

The i n t e s t i n a l  tracts from 2 0  normal hors e s , k i l led at 
a local e q u i n e  abatto i r ,  were examined f o r  the 
presence o f  A . perfo l i a t a .  The presence or absence o f  
the parasite at the i lea-caecal j u n c t i o n  ( ICJ ) was 
noted and samples col l e c t e d  in forma l i n .  Tapeworms 
were not counted i n  the i n t e s t inal contents . In 4 

horses no tapeHorms were o b s e r ve d ;  in 9 horses 1 - 2 0  
tape\vOrms were s e e n , a n d  in 7 ho r s e s  m o r e  t h a n  1 0 0  
tapeHorms we r.e found attached t o  the m u c o s a .  The 
results were correlated ,.,i th h i s topatholog ical changes 
at the ICJ which i n c l u d e d  t h i c k e n i ng and ulceration of 
the mucosa and i n f i l t r a t i o n  w i t h  e o s inoph i l s ;  the 
changes b e i n g  most severe i n  the i n t e s t i nal tracts i n  
w h i c h  the largest number o f  paras i t e s  was found . 
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EFFECT OF IVERMECTIN TREATMENT ON APPETITE IN 
REINDEER (Rangifer tarandus tarandus). 

Per Arneberg, Ivar Folstad and Andrew J. Karter* 
Department of Ecology, Institute of Biology and Geology, 
University of Troms0, 9000 Troms0, Norway 

*current adress: 
School of Veterinary Medicine 
Dept. of Epidemiology and Preventive Medicine 
University of California, Davis 
Davis, California 95616 U.S.A. 

O b j e c t i v e :  The objective was to test whether a single 
anthelmintic treatment increased appetite in naturally infected 
six-month-old reindeer. 
M e th o d s :  Eighteen six months old reindeer females with 
naturally-acquired parasitic infections were divided into two 
equally sized groups, Treatment (T) and Control (C), using the 
block randomization method. This involved dividing the 
animals into nine blocks of two, based on a ranking of parasite 
transmission-propagules and body weight, and then randomly 
allocating to either T or C. In November, T was injected 
subcutaneously with one ml. Ivermectin, while C received one 
ml. isotonic saline solution. The animals were housed in 
individual enclosures and fed a high protein reindeer diet (RF-
80) ad lib. Daily feed consumption was measured from three 
weeks before treatment to eleven weeks after. 
R e s u l ts :  There was no significant difference i n  feed 
consumption between the two groups at the 95% level (analysis 
of variance) . 
C o n c l u s i o n s :  Even though this study did not reveal any 
increase in appetite following treatment, we cannot rule out 
such an effect under natural conditions. This is due to a higher 
protein content in the artificial forage which can mask 
anorexia. Furthermore, anorexia may occur at other times of 
the year due to time-specific physiological and parasitological 
conditions. A follow-up study is presently being conducted to 
test this latter hypothesis. 
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PANACURR /AXILURR AS AN ANTHELMINTIC IN DOGS AND CATS 

Dieter Diiwel 
Hoechst AG, Animal Health Research Department, Frankfurt/M. ,  Germany 

PanacurR I AxilurR is frequently used as an anthelmintic in domestic, wild and zoo 

animals because of its wide spectrum of action, its extremely good tolerability and its 
versatility of application. In Canidae and Felidae a dose of 50 mg/kg b. w. for 3 days is 
recommended. Other dosage schemes, including substantially longer regimens, are 
used, also in zoo animals. 

According to our own studies and those of other authors, the recommended dose 
eliminates nearly 1 00 % of the immature and adult stages of ascarids, Ancylostoma, 

Capillaria and Trichuris and to a very large extent also adult tapeworms. With other 
doses dogs have been cured of infestation with Filaroides hirthi, F. osleri, 

Angiostrongylus vasorum, and also Heterobilharzia americana. The worming of 
pregnant bitches is of special interest. In trials with 10 pregnant bitches a dose of 25 mg 

fenbendazole/kg b .w. was administered in medicated feed from the 40th day of 
gestation until two days postpartum. It was found that the total worm burden of 
Toxocara canis was reduced by 98 .4  % in comparison with untreated controls. This 

dosage completely prevents an Ancylostoma caninum infection in puppies. 

Fenbendazole's activity in cats is comparable with that in dogs: ascarids, Ancylostoma,  

Trichuris and Taenia are almost 1 00 % eliminated by the recommended dose. In other 
dosages fenbendazole is highly active against Aelurostrongylus abstrusus and 
Paragonimus kellicoti. 

The initial investigations had already shown that fenbendazole is well tolerated in all 
animals. In toxicity tests it was not possible to determine the minimum lethal dose 
because it  exceeded the maximum dose that can be administered. In the dog the 
following oral doses of fenbendazole were well tolerated: > 500 mg/kg b. w. for 1 day, 
> 125 mg/kg b.w. for 30 days, > 125 mg/kg b.w. for 90 days. In trials with 72 dogs 

which were treated with fenbendazole in the critical phase of pregnancy there were no 
side effects, ie nei ther teratogenicity nor embryotoxicity etc. 

Only limited trials were carried out in cats: In groups of 7 cats each the study of 
clinico-chemical- and clinico-haematological parameters over 2 1  days showed that 
fenbendazole is well tolerated by cats in the therapeutic dose (50 mg/kg b.w. for 3 
days) and three times the therapeutic dose (150 mg/kg b.w. for 3 days). The effect on 

segmented neutrophils was only transient and these had again returned to the 
physiological norm 1 4  days after the first treatment. The serum kinetics of fenbendazole 
and the metabolites SO-fenbendazole and so2-fenbendazole after administration of 1 12 

Panacur tablet/cat for 3 days (this is equivalent to 63 .0  to 72. 8 mg/kg for 3 days; on 
average 65. 8 mg/kg b.w.) were studied. Fenbendazole is only slightly absorbed 
following oral administration but this is adequate for the treatment of development 
stages of the parasite in the host to be affected. A limited field trial in which 1 7  
pregnant cats received long-term treatment did not show any abnormalities i n  the 
mother animals or their kittens. 

R = Registered trademark of Hoechst AG 
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ANTHELM I NT I C  RESI STANCE IN NEMATODE PARASITES OF SHEEP I N  
DENMARK 

H e n r i k  B j �r n , Jesper Monrad and P e t e r  Nan s e n , Royal Vete r i nary 
and Ag r i c u l t u r a l  U n ive r s i ty ,  Copenhage n ,  D e nmark 

Obj ective The pu rpo s e  o f  this s tudy was to e luc idate the 
p re s ence o f  anthe lmi n t i c  res i s t ance i n  n ematode para s i t e s  o f  
sheep i n  D e nmark . 

Methods I n  a f i e l d  s t u dy 2 2  f loc ks of s h e ep were s e l e c t e d  for 
a faec a l  egg cou n t  r e d uc t ion ( FECR ) t e s t . The f locks i n c luded 
in t h i s  s tu dy had u s ed t h e  s ame a n t h e lm i n t i c  o r  t h e  s ame c l a s s  
o f  a n t h e lmint i c s  ove r t h e  p r evious f ive y e a r s , 3 t imes o r  mor e  
p e r  year . A t  l e a s t  1 5  l amb s , u n t re a t e d  w i th a n y  anthe lm i n t i c  
f o r  t h e  pas t 6 weeks , h a d  to b e  ava i l ab le f o r  t h e  FECR t e s t o n  
t h e  f arm . Lamb s w e r e  f aec a l ly samp l e d  a t  t h e  day of t r e atment , 
weighed and t re a t e d  a t  t h e  recomme n d e d  d o s e  w i t h  t h e  a n ­
the lm i n t ic u s e d  a t  t h e  f a rm du r i n g previous year . T h e  same 
l amb s were r e s am p l e d  1 0 - 1 4  days l at e r . A l l  faecal samp l e s  w e r e  
exam in e d  for the c on c e n t rat ion o f  n ematode eggs b y  a mod i f i e d  
McMa s t e r  techn ique a n d  a compo s i te f a e c a l  samp l e  f rom before 
and a f t e r  t re atme n t  f rom each f lock was cu l tu r e d  for the 
p roduc t io n  of t h i rd s t age l a rvae for worm spe c i e s  d i f f e re n t i a ­
t ion . F rom one f lock a s t ra i n  o f  O s t e r t agia c i r c umc i n c t a  ( KYSE ) 
showing a low response to l evami s o l e  was i solated and compare d 
to a l evam i s o l e  s u s c e p t i b l e  s t r a i n  o f  the same spec i e s  by a n  
i n  v ivo c o n t ro l l e d  s laughter a s s ay and an in v itro egg hatch 
para l y s i s  a s s ay . 

Results B e n z im i d a zo l e  a n th e lm i n t i c s  were t e s ted at 19 f arms 
and l evam i s o l e  at 3 f a rm s . Ben z im idazole res i s tance ( FECR 88-
94% ) was p r e s e n t  a t  5 f arms a n d  at another 3 f arms w e r e  found 
l evam i so l e  res i s t a n c e  ( FECR 7 3 - 9 4% ) . Larva l c u l tures s howed 
that re s i s t ance was p r e s e n t  i n  O s t e r tagi a spp a n d  Tr icho s t ro n ­
� spp . I n  the suspected l evam i s o l e  r e s i s t a n t  s t r a i n  ( KYSE ) 
FECR was 4 4 . 5 % a f t e r  treatme nt w i t h  lev arn i s o l e  at the recomme n ­
d e d  d o s e  and t h e  worm burden w a s  reduced by 67 . 7 \ in number s .  
I n  the egg hatch para l y s i s  a s s ay the LC.;0 o f  the KYSE s t r a i n  
w a s  6 . 0 5 ug l evam i so l e/m l  and i n  the s u s c ep t ib l e  s t r a i n  i t  was 
0 . 0 4 ug levam i s o l e/m l . 

Conclusion T h i s  s tudy s howed t h a t  benz imi da z o l e  and levaml s o l e  
res istance w e r e  present in t h e  para s i t ic nematodes Ostertagia 
spp . and Trichost rongylu s  spp o f  sheep i n  Denmark . Re s i s tance 
was detected at f arms where f actors t heore t i c a l ly d i spos i ng for 
t he deve lopme n t  of a n t h e lm i n t i c  re s i s ta n c e  were found lo be 
present . The f ie ld obs e rvations were con f irmed i n  one i n s t ance 
by an in v ivo contro l led s l aughter as say a n d  by an i n  v i t ro egg 
hatch a s s ay .  
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PROSPECTS FOR BIOLOGICAL CONTROL OF NEMATODE 
PARAS ITES OF SHEEP 

Peter Wal ler , C S I RO Divis ion o f  Animal Health , 
McMaster Laboratory , Glebe , Australia 

Despite rec ent advances in chemotherapy , nematode 
paras ite infection remains the most important 
disease problem of sheep throughout the world . 
Present control , based on anthelmint ic treatment , 
i s  under threat , not only because of the wide­
spread emergence of re s i s tant strains o f  
paras ites , but a l s o  bec ause o f  public concern 
regarding drug res idues in s heep products and in 
the environment . Although alternative intra-host 
contro l strategies , such as vac c ines and genetic 
s e l ec t ion for res i stant s heep , are being 
explored , biological control us ing fungi has 
rec e ived virtua l ly no attention . 
Within the free- l iving environment on pasture , 
there i s  a range o f  fungi which pos s e s s  
nematophagous properties . Some o f  these fungi 
have been comprehens ively studied , particularly 
in S c andinavia , and although they may s how good 
activity in vi tro , their performance under f ield 
conditions has met with l imited succes s .  Fungi 
are a l s o  important members of the microbiota 
within the rumen - some of these have been shown 
to be c lo s e ly related to free- l iving nematode 
des troying fungi . 
Inves t i gations are underway to examine a l arge 
range of fungi to determine whether they survive 
pas s age through the gastro- intes t inal tract o f  
sheep , c o lonise faeces , c apture l arvae and/or 
produce nematoxic substances . Al so , it is 
proposed to c arry out manipulat ion o f  spec i f ic 
fungi to enhance these abi l ities and thus provide 
a bas i s  for biologic al control against nematode 
paras ites o f  s heep , e ither in the free- l iving or 
rumen environment . 
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SERUM BIOCHEMICAL CHANGES DURING EXPERIMENTAL EIMERIA 
ALABAMENSIS COCCIDIOSIS IN CALVES 

1Holst, H., 2Hooshmand-Rad, P.,  3Svensson, C. & 2Uggla, A 

1Department of Clinical Chemistry, 2Department of Cattle and Sheep Diseases and 
3Experimental Station in Skara, Faculty of Veterinary Medicine, Swedish University 
of Agricultural Sciences, U ppsala, Sweden 

Objective: In Sweden Eimeria alabamensis is connected with spring diarrhoea in 
first-year-grazing calves. Since the general opinion elsewhere is that the parasite is 
of low or moderate pathogenicity, an investigation was designed to study clinical, 
parasitological and some serum biochemical changes due to E.alabamensis infection 
under experimental conditions. 
Methods: Groups consistinfl of three calves, aged two-three months, were dosed with 
10x106, 100x106 and 400x10 sporulated E.alabamensis oocysts, respectively, and three 
calves were kept as controls. The calves were monitored clinically and 
parasitologically for four weeks. Blood samples were taken before inoculation and 
twice weekly during the observation period. Serum activity of alkaline phosphatase 
(AP) and concentrations of bile acids (BA) and total bilirubin were determined. 
Results: 3-6 days after dosing the calves developed diarrhoea which lasted for 2-5 
days. Excretion of E.alabamensis oocysts started 8 days post infection (PI) and 
reached its highest levels (millions of oocysts per gram faeces) on days 8 and 9 PI. 
In particular animals receiving high infection doses were dull and showed inappetence 
during the patent phase of infection. In the infected groups, AP activity decreased 
between 7 and 17 days PI. The decrease was most pronounced on day 10 PI. 
Concentration of BA decreased gradually, reaching a minimum on day 7 PI. Total 
bilirubin concentration reached a peak on day 7 PI. The control animals showed no 
similar changes in any of the parameters measured. 
Conclusions: The induced infection is supposed to be local, but it seems likely that 
the liver in some respect gets involved. The observed serum biochemical changes were 
most prominent during the acute phase of the infection. Elevated total bilirubin 
concentration could be an indication of a disturbed liver function. The decreased 
serum BA concentration might reflect an impaired absorption of bile acids in the 
small intestine. The reason for the decrease in AP activity could be either decreased 
induction of AP synthesis in the liver or, less likely, direct losses of the intestinal 
isomere of the enzyme from the damaged intestinal mucosa. 
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I S O LAT I ON AND I DENT I F I CATION OF COCC I D IAN 
PARAS ITES INFECT I NG DOGS IN EGYPT 

Mo s s ad H i l a l i , Ahmed Nassar and Ayman E l Gaysh 
Faculty of Veterinary Med i c ine , Ca i ro 
Univers i ty , Egypt 

S tray dogs f rom d i f ferent l o ca l i t i e s  in C a i ro 
governorate , Egypt , have b een i nvest igated for 
enter i c  cocc i d i a . Examination of faecal samp l e s  
from 1 1 0  dogs ( 1 - 5  years o l d )  dur i ng t h e  period 
from January to December 1 9 8 6  reve a l ed that 1 8 . 8  
% harboured coccid i an paras ites . 

The recorded cocc idian paras ites were E imer i a  
can i s  1 . 8 2 % ,  I s ospora can i s  6 . 3 6 % I s ospo ra 
ohi oens i s  2 . 7 2 % ,  Hammond i a  heydorn i 2 . 7 2 % and 
S a rcocys t i s  spec i e s  4 . 5 5 % .  

E .  canis oocysts were e l l ips o i da l  to ova l i n  
shape measur ing 2 9  - 3 6 . 5 4 * 1 7 . 4 - 2 0 MID , with 
micropy l e  and without m i c ropy l e r  c ap . The 
oocysts sporu l ated a fter 4 8  hrs in 2 . 5  % 
pota s s i um dichromate at 2 7  o c .  I .  can i s  oocysts 
were ovo id to e l l ipso idal , measur i ng 2 9  - 3 4 . 8  * 
3 4 . 8  - 4 0  MID ( mean 3 1 . 9  * 3 7 . 7  MID ) and without 
mi cropy l e . I .  ohi oens i s  oocysts were e l l ipso idal 
to ovo id in shape with an average s i z e  1 9 . 8  * 
2 3 . 2  MID . I .  can i s  and I .  oh ioen s i s  oocysts were 
sporu l ated in 2 . 5  % potas s ium d i chromate at 
2 7

' o c  a fter 4 8  hrs and 3 6  hrs respect ive l y . � 
heydorni oocysts were subsphe r i c a l  i n  shape had 
no m i c ropy l er cap and measured 1 0 . 1 5  - 1 1 . 7 6  * 
1 1 . 6  - 1 3 . 2 7 MID . Sporu l at i on t ime was 3 days at 
2 7  o c .  S a rcocyst i s  spec ies sporocysts were 1 4 . 5  
- 1 6 . 9  * 9 - 1 1 . 3  MID 

F i fty intestinal mucosal smears from 5 0  stray 
dogs ( 1 - 5  years o l d )  stained w i th mod i f i ed 
Z i eh l -N i el sen for Cryptosporid i um oocysts 
reco rded negat ive resu lts . 
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IMMUNOGENIC CAPACITY OF NATURALLY ACQUIRED HYPOBIOTIC 
OSTERTAGIA OSTERTAGI INFECTION IN CALVES 

Jesper Monrad, Charlotte Maddox Christensen, 
and Peter Nansen 

Royal Veterinary and Agricultural University 
DK-1 870 Frederiksberg C, Denmark 

Objective: To investigate the impact of natural hypobiotic Ostertagia ostertagi 
(O.o. )  infection on the course of subsequent summer exposure. 

Design and methods. Two comparable groups of parasite-free Jersey bullock 
calves (nine per group) were grazed for six weeks during October and 
November 1 989 - group A on O.o. -contaminated pasture and group B on non­
contaminated pasture. After winter stabling the two groups were grazed 
together on an O.o. -contaminated paddock from the end of April till mid­
October 1 990. Parasitological and immunological parameters were monitored 
at two-week intervals: faecal strongylid egg counts (EPG) ,  body weight (BWf) , 
serum pepsinogen concentration (PSG) ,  and specific serum lgA and lgG, 
(ELISA technique) . Finally, ind ividual abomasal worm counts were determined 
(adult worms from washing abomasal contents and larvae from mucosa 
digestion) , when all the animals were slaughtered mid-October. 

Results. Group A acquired a moderate initial infection resulting in some egg 
excretion declining from around 200 EPG in December to negligible values in 
April. This l imited adult establ ishment was indicated by PSG values of group 
A fluctuating at a slightly elevated level , as well as by increases in the lgA and 
lgG1 responses. During March and April the presence of hypobiotic larvae was 
revealed by increases in the EPG, PSG, lgA, and lgG,  responses, possibly 
indicating reactivation of arrested larvae. Bwr was but slightly affected . 
During the grazing period 1 990 pasture contamination was relatively low due 
to dry conditions in May and June. I n  consequence, EPGs of both groups 
were generally low to moderate (50-1 00 EPG). However, EPGs of group B 
were constantly considerably higher than those of group A. PSG values were 
highest in group B from August onwards, whereas Bwr developments of the 
two groups were comparable. Thus, worm burdens establ ished during summer 
grazing appeared to be bigger in the previously unexposed group B, an 
observation which was further supported by the lgA response late in the 
season. It was eventually confirmed by significantly higher worm counts in  
group B than in group A. 

Conclusion. Aytumn exposure of calves to inhibition-prone Ostertagia ostertagi 
infection induced significant specific immunoglobul in responses and reduced 
abomasal worm establishment during �he following summer grazing. 
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A THREE STEP IN V I TRO SCREENING PROCEDURE FOR SELECTION OF 
NEMATOPHAGOUS FUNGI FOR B IOCONTROL OF NEMATODES IN 
RUMINANTS . 

M .  Lars enft , J .  Wo lstrup * , J .  Gr¢nvold * ,  P .  Nansen* and Sv . 
Aa . Henriksen� ft 
* Royal Veterinary and Agr icultural U n ivers ity , Frede ­

riksberg C ,  DENMARK 
ft ft  National Veterinary Laboratory , Frederiksberg C, DENMARK . 

Obj ective . A study was made to deve lop a s creen ing techn ique 
for the se lect ion of f u n g a l b iocon t ro l  FJ q e n t s for s tu d  i r� s  o n  
the con trol of paras itic n ematod e s  in ruminants o n  p a s tu re .  
Methods . In step 1 fungal samp l es were t reated with d i l uted 
rumen f luid for twentyfour hours . I n  s tep 2 the surviv ing 
fungi were then tested in synthetic s a l iv a , rumen f luid and 
in pep s in-hydrochloric acid solut ion s imulating the effect s 
of ruminal and abomasal ac t ivity . F inally they were tested 
i n  a tryp s in solut ion serv ing as an example of enzyme 
activity i n  the gut . I n  s tep 3 fourteen surviving isolates 
were tested for the ir c apac i ty to reduce the number of 
deve lop ing larvae of Ostertagia ostertagi in 125 g dung 
pats . Control pats w ithout fungal material were incubated 
and h arve s ted parallel to the fungal test pats . 
Results . Twentyone i solates were obtained after treatment 
with d i luted rumen fluid ( s tep 1 ) . The effect of the rumen 
f luid a lone or a combined rumen f luid and pep s in-hydro- c h l ­
oride t reatment l e d  to a reduction in numbers of surviving 
fungal isolates ( step 2 ) .  S ix out of orig inally thirteen 
i solates of the genus Arthrobotrys and seven out of 
originally eight Duddingtonia spp . surv ived ( s tep 2 ) .  The 
dung pat b ioas say ( s tep 3 )  showed that Arthrobotrys spp . 
fung i reduced the deve lopment of 0 .  ostertagi larvae by ap­
proximately 7 5 %  while the Duddingtonia spp . i solates were 
able to reduce the number of larvae by approximate l y  9 0 ?6 
compared to the number of larvae that deve loped from the 
fungus -free contro l  pat s . 
Conclusion . The t hree - step in vitro screening technique was 
found to be a feasib l e  method for the selection for fungal 
b iocontrol agent s . 
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HP LC ANALYS I S  OF MONOAMINE S IN THE CE STODE DIPHYLLOBOTHRIUM 
DENDRIT ICUM, 

Kri s t e r  E riksson* and Goran Akerl ind* * 
*Depa rtment of Biology ,  * *Depa rtment o f  Biochemi s t ry and 
P h a rmacy , Abo Akademi Unive rs ity , Finland 

Objective . To i nve s t igate the p r e s ence o f  b i ogen i c  mon o ­
ami ne s  in t h e  endopa r a s i t e  Diphyll obothri um dendri ti c um .  

Methods . The inve st igati ons were done b y  HP LC with electro­
chemic a l  detect i on . A large amount o f  monoamines a s  wel l  as 
precu rsors and met abolites o f  monoamines we re included i n  
the st andard run s . 
Resul.ts .  DOPA, dopamine and s e rotonin were detected and 
preliminary results on s ome o f  t he i r  met abol i t e s  as well as 
other related subs tances were obt ained . 
Concl.usion . The finding o f  t h e s e  sub s t ance s in t h i s  p rimi­
tive animal indicates that t hey appeare d  e a rl.y in t h e  
evo l ut i on of t h e  nervous system .  
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WORM K I N ET I C S  IgE AND �O S I NOPH I L S  
I N  PRIMARY AND S EC ONDARY E C H I NO STOMA CAPRON! 

( GUT-TREMATODE )  I NFECTED RAT S 

M e t hod s : 

O l e  Hindsbo and S t e f f en B l och N i e l s e n  
Unive r s i t y of Copenhage n , D enmark 

Groups o f  6 adu l t  f em a l e  Hooded L i s t e r  rats were g i ve n  
primary ( prim ) a n d  s e cond ary ( s e c ) 5 0  m e t a cercar i a e ( me )  
i n f e c t i on s  ( inf ) o f  Echi nos toma c aproni on d ay 0 .  
The s e conda r i l y  i n f e c t ed r a t s  w e r e  previous l y  given 5 0  
me pr i m  i n f  o n  d a y  - 1 1 7 . 
Worm eggs were coun ted i n  s am p l e s  of d i l u ted 2 4 h f a e c e s  
i n  S edgew i ck-Ra f t er coun t ing chambers . 
S e rum I g E  was measured i n  Kyoto m a l e  r a t s  by PCA ( P a s ­
s ive C u t a neous Anaphy l axi s )  t e s t  u s i ng two - f o l d  d i l u t ed 
s e r a . 
Eos i noph i l s  were s us pended i n  phlox i n e -propyl eneglyc o l  
and coun ted in Burker -Turk b l oodcoun t i ng chamber s .  

Resu l t s : 
The p r i m  inf r e ached 
eggs / r a t / 2 4 h on day 2 1  
dec r e a s ed . 

maximum produc t i on o f  3 6 8 8  
and , there a f t e r , con t i nuou s l y  

The s e c  i n f  e s t a b l i s hed maxi mum egg product ion s i m u l t a ­
neous l y  w i t h  the p r i m  i n f  but a t  a lower l e v e l  ( abou t 
1 0 0 0  eggs / r a t / 2 4h )  . The egg produc t i on r em a i ned cons t an t  
unt i l  day 7 0  where bo t h  prim a nd � e c  i n f ' s  s howed t h e  
s am e  d e c r e a s e . 
One p r i m  and 3 s e c  r a t s  l o s t  the i r  l a s t  worms day 8 4 - 8 7 . 
The f i r s t  s erum IgE w a s  d e t e c t ed day 7 i n  s e c  r a t s  and 
day 21 in prim r a t s . Maximum t i t e r s  of 1 2 8  and 2 5 6  w e r e  
m e a s u r e d  d a y  4 2 - 5 6 i n  p r i m  a n d  s e c  r a t s  r e s p e c t i v e l y . 
R e l a t i v e l y  high t i t e r s  ( 3 2 - 6 4 ) were s t i l l  found i n  both 
prim and s e c  r a t s  on day 8 4 . 
In both prim and s e c  r a t s  a con t i nuous r i s e  i n  con c e n ­
t r a t i o n  o f  b lood eos i noph i l s  w a s  s e e n  un t i l  p e a k  va l u e s  
o n  d a y  4 2  o f  7 5 0  and 4 5 0  p e r  m i kr o l i t er i n  p r i m  and s e c  
r a t s  r e s pe c t ively . The r e a f t e r , t h e  eos i noph i l  l eve l 
decre a s e d . 
The i n d i v i du a l  IgE t i t e r  w a s  pos i t i v e l y  corr e l l a t ed t o  
t h e  e o s i noph i l  l e ve l ( p  < 0 . 0 5 ) . 

Conc l u s i on : 
The p r e s e n t  mod e l  s hows t h a t  adu l t  trema todes paras i t i ­
z i ng a m amma l i an i n t e s t i n e  induces the type I hype r s e n ­
s i t i v i t y  r e a c t i ons char a c t e r i s t i c  of o t h e r  h e l m i n th hos t 
sys t em s . 
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ECHINOS TOMA CAP RON I I N  RAT S  
WO RM COND I T I ON , D I S T RIBUT I ON AND CLUST ERS 

IN RELAT I ON TO WORM POPULAT I ON 

Me thods : 

O l e  Hindsbo and S t e f f en B l och N i e l s e n 
Unive r s i t y o f  C openhagen , Denmark 

Adu l t  Hooded L i s t e r  rats were given primary i n f e c t i o n s  
of 5 0  o r  1 0 0  met a c e r c a r i a e ( me )  o f  Echinos toma c apron i .  
Worm eggs were coun t ed i n  s ampl e s  o f  d i l u t ed 2 4 h  f a e c e s  
i n  S edgew i ck-Ra f t e r  coun t i ng chambe r s . 
Worms were recov e r e d  a t  autopsy day 2 1 . 
Worms found ou t s i de the range o f  phys i c a l  con t a c t  ( 5  mm ) 
w e r e  not regarded a s  p a r t i c i p a n t s  i n  a c l u s t e r . 

R e su l t s : 
On day 2 1  recove ry o f  5 0  and 1 0 0  me i n f e c t i ons f r om t h e  
s ame batch d i d  not d i f f e r s i g n i f i c an t l y .  R e cover i e s  
r e corded f rom 5 0  me i n f e c t ions o f  d i f f e r e n t  m e  b a t ch e s  
var i ed f rom 3 0 % - 6 0 %  b u t  t h e  coe f f i c i e n t s  o f  var i a t i o n s  
w e r e  s im i l ar ( 3 2 % - 4 6 % ) . 
I nd i v i du a l  r a t  m e a n  worm w e t  w e i g h t  and m e a n  
e g g  product ion showed a s i gn i f i c a n t  n e g a t i ve 
t i on to the total number o f  worm s r e cover ed on 
< 0 . 0 5 ) . 

worm 2 4 h  
core l l a ­

d a y  2 1  ( p  

The day 2 1  worms t ended to be more a n t e r i o r l y  d i s t r i b u ­
t e d  i n  the gu t o f  r a t s  w i th high worm b u r d e n s  ( m e a n  
pos i t i on i n  the s m a l l  i n t e s t i n e  b e i ng 7 0 %  and 5 4 %  i n  
r a t s  h arbouring 1 - 1 0  and 4 1 - 5 0  worms , r e s pe c t i ve l y ) . 
� d aproni were f ound aggr egated in s ep a r a t e  c l u s t e r s  i n  
wh i c h  d i s t ances b e t w e e n  worms w e r e  l e s s  t h a n  1 mm . 
The number of c l u s t e r s  ( maxi mum 5 )  i n  t h e  i n d i v i d u a l  r a t  
s e emed i ndepende nt o f  the worm popu l a t ion s i z e  w h i l e  t h e  
numbe r  o f  worms i n  t h e  c l u s t e r s  incr e a s ed w i th t h e  t o t a l  
number o f  worms pr e s e n t  i n  the r a t . 

Conclus ion : 
Al though i n f luenced by crowding i n  t h e  worm popu l a t i o n s  
s tud i ed , � c apron i showed no upper l i m i t  o f  worm number 
aggr e g a t ed i n  a c l u s t e r . 
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I N T E S T I N A L  P A R A S I T E S  O F  H O R S E S I N  I C E L A N D  

M atth ias Eydal 

I nst i tute for Exp e ri m e ntal  P ath o l o g y ,  U n ivers ity of I ce l a n d ,  Ke l d u r ,  R e ykj avik, 

I ce l and 

Object i v e . Th e stu d i e s  re p o rted h e re r e p r e s e n t  the f i rst  att e m pts to p ro v i d e  

c o m p re h e n s ive i n fo r m at i o n  o n  t h e  o c c u rre n c e ,  p reva l e n ce and ab u n d a n ce of  

p arasites i n  t h e  g astro i ntesti n al t r act of I ce l a n d i c  h o rs e s  a n d  o n  t h e  s e as o n al 

r e p ro d u ct ive a c t i v i ty of t h e  h e l m i n t h  p a r a s i t e s  a n d  t h e  effect of anth e l m i nt ic  

treatm e n t  o n  faecal  e g g  o u tp u t .  

M et h od s .  A p o s t  m o rt e m  e x am i n at i o n  w a s  p e rf o r m e d  o n  t e n  y o u n g  f o a l s  

a n d  e i g h t  ad u l t  h o r s e s .  F a e c a l  s a m p l e s w e re t a k e n  w e e k l y  f r o m  t e n  ad u l t  

h o rs e s  o v e r  a p e r i o d  o f  two ye a rs . H e l m i n t h e g g s  w e re c o u n t e d  a n d  th i r d 

stag e l a rv ae were c u l tu red and i d e n t i fi e d .  Oth e r  faecal e a m i n at i o n s  h av e  b e e n  

p e rfo r m e d  i n  t h e  s a m e  m a n n e r  o n  d i ff e r e n t  a g e  g ro u p s o v e r  s h o rte r pe r iods 

of t i m e .  Faecal s am p l e s  of forty fo als were exam i n ed s p e c i a l l y  for the p re s e n ce 

of Cryptosporidium o o cysts . 

M a i n  re sults . T h e  fo l l o w i n g  t h i rty- two p aras i t i c  s p e c i e s  h ave b e e n  fo u n d  i n  

I ce l a n d i c  h o rses : 

P rotozoa:  Cryptosporidium s p .  and Eimeria leuckarti. 

Cestod a :  Anoplocephala perfoliata . 

N e m atoda :  Stro n g y l i d  n e m atodes ; Cyathostomum catina tum, C. labratum, C. 

pateratum, Cylicocyclus insigne, C. leptostomus, C. nassatus , C. ultrajectinus, 

Cylicodontophorus bicoronatus , C. euproctus , C. mettami, Cylicostephanus 

calica tus , C. goldi, C. longibursa tus, C. minutus , Gyalocephalus capitatus , 

Po teriostomum s p . ,  Craterostomum acuticaudatum,  Oesophagodon tus 

robus tus , Strongylus edenta tus , S. equinus , S. vulgaris , Triodontophorus 

brevicauda, T. serratus and T. tenuicoflis. 

O t h e r  n e m ato d e s ; Trichostrongylus axei, Parascaris equorum, Oxyuris equi, 

Probstmayria vivipara a n d  Strongyloides westeri. 

Stro n g y l i d  n e m at o d e s  w e r e  f o u n d  i n  h o rs e s  of a l l  a g e .  Wo r m  b u rd e n s o f  

50 ,000- 1 00 ,000 w e r e  c o m m o n  i n  ad u l t  h o rs e s  b u t  y o u n g  f o a l s  w e r e  l e s s  

h e av i l y  i n f e c t e d .  P. equorum, 0 .  e q u i  a n d  S. westeri, a s  w e l l  a s  t h e  

p roto z o a n s ,  were p ri m ari ly  s e e n  i n  foal s .  T h e  stro n g y l id egg n u m b e r  i n  faeces 

o f  ad u l t  h o rs e s  was l ow e s t  i n  m i d w i n te r ,  f o l l owed b y  a r i s e  in s p r i n g  and a 

m arked p'eak i n  s u m m e r  i n  the g ra z i n g  s e as o n . The egg o u tput dec l i n ed rap i d l y  

i n  a u t u m n .  W h e n  h o rs e s  o n  p e r m a n e n t  p a s t u r e s  we re g i v e n  a n th e l m i n t i c  

treat m e n t  i n  t h e  s p r i n g ,  n o  e g g s  w e re fo u n d  i n  t h e  faeces f o r  f ive weeks ,  b u t  

th e n  e g g s  r e ap p e ared a n d  s o o n  re ached t h e  s ame l evel  a s  p r i o r  t o  treatment .  

Conc l u s i o n . I ce l and i c  h o rs e s  carry  m o s t  o f  the c o m m o n  i ntesti n a l  p aras ites 

fo u n d  in h o rses in o t h e r  c o u n tr i e s . 
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RES I STANCE TO BEN Z IMI DAZOLE ANTHELM I N T I C S  IN SMALL STRONGYLES 
OF HORSES IN DENMARK 

Henrik Bj�rn · , Ch r i s t ian Somme r � , H a n s  Schouqard � � ,  Svend Aage 
Henr iksen · · ·  and P e t e r  Nan s e n ·  
· Royal Veteri nary a n d  Ag r i cu l tu r a l U n i v e rs i t y , Cope n h a g e n , 

Denmark , · - N�rlu nd H e s t e h o sp i t a l ,  Rode l u n d , Denma r k , - - � Na t  i o ­
nal Veterinary Laboratory , Cope nhag e n , Denmark 

Obj ective The purpos e  of t h i s  s tu dy was to e s t ab l i sh whe t h e r  
a n t h e lm i n t i c r e s i s t a n c e  w a s  p r e s e n t  i n  n ema t ode p a r a s i l 0 s o f  
hor s e s  i n  Denmark . 

Methods S ixt een h o r s e  f n rms were s e l e c t e d  for a faec a l  eqq 
cou n t  reduc t io n  ( FECR ) t e s t .  The c r i t e r i a  for a s t u d  Lo be 
inc luded in the s t udy was t ha t  t h e  u s age of a n t h e lm i n t i c s  h a d  

been recorded f o r  a t  least t h e  p r e v i ou s  two y e a r s  and a m i n imum 
of 1 0  hor s e s  w e r e  ava i l ab l e  for a n  an t h e lm i n t i c e [ f  i d e n c: y  
test . Two sets of faec a l  s amp l e s  we re c o l l e c t e d  per rect u m , t he 
f ir s t  s e t  at the day of t reatme n t and the second s e t  f rom t h e  
same horses 7-10  days la te r .  T h e  f o l l ow i ng a n t h e lm i n t i c s  w e r e  
used at the recomme nded d o s e  r a te s : feban te l , f e nbendazo le , 

mebendazole and pyrant e l  pamoa t e . Al l f ae c a l s ample s were 
exam i n e d  by a modi f ied McMaster techn ique a n d  a ] a rva l cu l t u re 
for the determinat ion of t h e  compo s i t io n  o f  s ma l l  ( Cya thu s l om i ­
nae ) and l arge ( S t rongyl idae ) s t rongy les . I n  con nec t io n  w i t h  
the f i r s t  v i s it a que s t ionnaire o n  anthe lm i n t i c  usage , 
frequency of t re atments and f arm manageme n t  was fi l led out . 

ReiiUlt• S ixteen f arms were sub j ected to the FECR t e s t  and 
sub s equent larval culture . Benzimidazole anthelmint i c s  were 
used at 15 of 16  farms . On 13 of the 15 farms FECR met t h e  

c r i t e r i a  of ant h e lmint ic re s i s tance being present i n  a f lock . 
At t h e s e  f arms FECR values were rang ing from 80% t o  m i n u s  
1 0 1 . 3 % .  At the rema i n i ng 3 f arms FECR were h igher than 95% . 
Larval c u l tures revealed that re s i s tance was con f ined to t h e  
g roup o f  sma l l  s t rongy l e s  ( fYathos tomi nae ) .  Resu l t s  o f  t h e  
quest ionnaire study showed that h o r s e s  i n  t h i s  study on av e r ag e 
were t reated 7 . 1  t ime s / year . Horse own e r s  did change between 
preparat ions of drug s , but almo s t  only within the same c l a s s  
of a�t h e lmint i c s . Hor s e s  i n  t h e  above s tuds g razed t h e s am e  
paddJck every year- and the s tocking rate was e s t imated to be 
2 . 4  horse s/ha . 

Conclusion Ou r i nv e s t igat ions have revealed r e s i s tance lo be n ­
z imidazoles in sma l l  s t rongyles of h o r s e s  i n  Denmark a n d  our 
observat ions indicate t h at the prob lem may be widespread i n  our 
count ry . Frequent �ch ing , use of the same c la s s  of a n ­
thelmin t i c s  over years a n d  h ig h  s tock i ng rates ma y  h a v e  
contributed to emergence of t h i s  prob lem . St rateg ies t o  avo i d  
deve loP,ment o f  anthe lmi n t i c  re s i s tance w i l l  be d i scussed . 
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PREVALENC E OF BENZ I M I DA Z O L E - R E S I S TANC E  IN E Q U I N E  
CYATHOS TOME POPULAT I ONS I N  S OUTHEAS T ENGLAND 

M . A . F i s h e r , D . E . Ja co b s , W . T . R . Gr i rn s h a w  a n d  L . M . G i bbons 
Departmen t of Ve teri n a ry Pa thol ogy, Roya l Ve t eri n a ry 
Col l e ge ( Un i vers i t y  of Lon don } , Un i t e d  K i n gdom 

I n  a structured survey o f  t h e  o c c u r r e n c e  o f  
b e n z  im i da z o l e  ( B Z D )  - r e s i st a n t  cyth o s t ome p opu l a t i o n s  i n  
h o r s e s  i n  the Un ited K i ngdom , twenty - s even s t a b l e s  i n  
s o u t h e a s t  E n g l and were s e l ected a c c or d i n g  to s t r i c t  
cr i ter i a , but w i th m i n imum b i a s , t o  prov i d e  m a t c h e d  
g r o u p s  o f  9 6  h o r s e s . O n e  g r oup w a s  treated w i th 
f enbenda z o l e  ( FB Z ) ; o n e  w i th pyr a n t e l  embon a t e  ( PYR ) ; 
wh i l e  the th i rd group w a s  a n  u n t r e a ted c o n t ro l . 
T r e a t ed a n im a l s  rece i ved a t  l e a s t  7 . 5  mg f kg F B Z  o r  1 9  
m g f k g  P Y R . Overa l l  e f f i cacy va l u e s , a s  j udged by t h e  
f a e c a l  egg -count r educt i on t e s t  ( FECR ) , w e r e  5 6 . 3  a n d  
9 5 . 8  p ercent f o r  t h e  B Z D  a n d  n o n - B Z D  a n t h e l m i nt i c s , 
r e s p e c t i ve l y . F ECR va lues g r e a t e r  than 9 0  percent were 
r e c o r d ed for PYR a t  2 3  o f  2 7  s i t e s , the corres pond i n g  
f i gure f o r  F B Z  was three o f  2 7 . Cyathostome s a c counted 
f o r  more than 9 0 p er cent of l a rvae c u l tu r e d  f r o m  
f a e c e s  b e f ore a n d  a ft e r  treatmen t . 

C o n c l u s i o n : B Z D - r e s i s tance i s  very w i de spread i n  
s ou t h e a s t  Eng l a nd i n  the c l a s s  o f  s t a b l e  i nve s t i ga t e d  
( i e t h o s e  u s ing B Z D  a n th e lm i n t i c s r egu l a r ly w i th m o r e  

t h a n  n i ne h o r s e s  a t  g r a s s ) . 
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SURVIVAL STRA 1EGIES OF ELAPHOSTRONGYLUS 
RANGIFERI IN THE INTERMEDIATE HOST 

Jan Schjetlein and Arne Skorping 
University of Troms¢, Institu te of B iology and Geology. 

Why should an arctic species  like E.  ra ngiferi h ave a 

higher developmental threshold (about 1 0  ° C) than other 
rel ated species living in temperate regions? 
We think this is rel ated to differential survival rates of 
l arval stage s .  Infected snail s tend to develop a strong 
c ellular response towards the paras ite . This response is  
apparently more intense again st the second larval stage, 
where most of the growth take s place.  In  an arc tic 
climate it  i s  i mportant to the p arasite to avoid being 
trapped at this s tage during long periods of time where 
no development is  permitted.  This could be ensured by 
h aving a high developmental threshold . 
To test this hypothesi s ,  an experiment i s  set up where a 
number of snails of the species A ria nta  a rbustorum is  
i nfected, and then randomly divided into three groups 
known to contain first, second and third s tage lar v ae 

respectively, and incubated at +2° C . 
E very six week s  during the winter subsamples of the 
snails  are being investi g ated for infection,  and death­
rates of the differen t l arval s tages of the p arasite is 
c a l c u l a te d .  
The results o f  t h e  experi ment will  be presented in the 
p a p e r .  
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PARAS ITES OF DOMEST IC PIGS AND WILD BOARS IN EST ON IA 

Ju ri Parre and T o iv o  Jarv i s  
Faculty o f  Veterinary Me d i c ine at Es t o n ian Academy o f  
Agri culture , Narva Road 84 , Tartu 202400 , Es tonia 

Paras i t e s  o f  dome s t i c  pigs have b e e n  the sub j e c t  of s t u ­
d y  for a numb e r  o f  Es t onian r e s earchers ( M .  S ikkut , 
J .  Kaarde , V .  Ridala , o .  Plaan , J .  Parre , A .  Kaarma , 
E .  Pe e bsen , I .  Miller and o thers ) .  The paras i t o fauna o f  
the wild b oar has b e e n  stud i e d  by T .  Jarv i s . 
The following pro t ozoan paras i t e s  have b e e n  found in 
dome s t i c  pigs : Tri chomonas s p . , Eime r i a  debli e cki , E .  
poli t a , E .  s c abra , Isospora s p . , T o xo plasma gondi i ,  Sar­
c o c ys t is m i e scheriaBa , Cryp t o sporidium parvum , Balan t i ­
dium c ol i . The fauna o f  t h e  Pro t o z o a  in d ome s t i c  pigs 
ne e ds further res earch . 
Dome s t i c  pigs in Es t onia have been found t o  host the 
f o l l owing helm inths : Fas c i ola h e pat i c a , Cys t i c ercus c e l ­
lul o s ae , Cys t i c ercus t e nu i c o ll i s , Echino c o c c us granule ­
sus larvae , As caris suum , S t r ongyl o i d e s  rans omi , Oe s o ­
phago s t omum dentatum , Me tastrongylus e longat us , M .  pu­
dendo t e c tus , Phys o c e phalus s exalatus , Tri cho c e phalus 
suis and Macracantho rhynchus h i rudinac eus . Hyo s t rongylus 
rub i dus should also be c ons i d e r e d  as a poss ible helminth 
i n  dome s t i c  pigs i n  Estoni a . The m o s t  c ommon permanent 
arthropod paras i t e s  in pigs are : S ar c o p t e s  sui s , Dem o dex 
suis and Haemat o p inus s u i s . The paras i t o s e s  fre quent o n  
Est onian pig farms a r e  e imeri o s i s , balant i d i os i s , a s c a ­
r i do s i s , o e s o phago s t omo s i s , s t rongylo idos i s , tri cho c e p­
hal os i s , sarc optosis and haema t o p i no s is . No pig farm i n  
Est onia can b e  c ons i de re d  fre e o f  paras i t o s e s . I n  mos t 
c as e s  i t  is a s imult ane ous mixed invas ion by several 
kinds o f  paras i t e s . Pro t o z oan paras i t os e s  ( e ime r i os i s , 
c ryptos pori d i o s i s , balant i d i o s i s ) are c ommon mostly i n  
pigle t s , with fully - grown pigs appe ari ng as paras i t e  
c arr i e rs and s ourc e s  o f  c ontam inat i on . Pro t o z oan paras i ­
t o s e s  are t re a t e d  b y  me di c at i on with s pe c i fi c  pre para ­
t i ons . As helminth o s e s  are m o s t ly para s i t o s e s  o f  the d i ­
ge st ive t rac t , they are diagn o s e d  by c o prologi c al e xam i ­
nat i on . Boars are c o pr o logi cally e xamined twi c e  a year , 
c arrying sows two we eks be fore farrowing , pigle ts a f t e r  
weaning and be fore fat t e ning . Ac c ording t o  t h e  result s  
o f  the c o prol ogi c al examination dehelmint ization i s  c ar ­
r i e d  out . Effe c t ive imported dehelm in t i z ing pre para t i ons 
are l i t tle use d as t h e y  are not available in the pre s e nt 
e c onom i c  s i tuat i o n  in E s t onia . 
Ivome c in j e c t e d  in a two-week inte rval has prov e d  e f fe c ­
t i ve in sarc opt o s i s  c ontrol on Est onian pig-bree ding 
farms . Organi c phos phorus c om pounds , chlorinat e d  car-
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bohydrates and othe r preparat i ons are used to c ontrol 
arthropod paras ites . 
The re are thought t o  be about I400 wild boars in the 
Est onian forests . A c c ording t o  the data gathered by 
T .  Jarvis seven kinds of helminths have been found in 
wild boars . The figures in bracke ts represent the per­
centage of parasi t e  infested animal s ; the small est and 
the large st numbers o f  paras i t e s  found in one animal . 

Me tas trongylus pudendote c tus ( 9 3  % ;  5-74 ) , M .  elonga­
tus ( 93 %; 2-85 ) , M .  salmi ( 37 % ;  2 - I2 ) ,  Phys o c e phalus 
sexalatus ( I? % ;  I - I2 ) , Ascaris suum ( 33 % ;  I -3 ) , Tri ­
chocephalus suis ( 67 % ;  2-22 ) , Oe sophagostomum denta­
tum ( IO % ;  2 -5 ) . 
The prevalent paras i t os i s  in wild boars is metastrongy­
los i s . Only mixed invas ion simul t ane ously by 2-7 kinds 
of helminths was found in all boars examine d .  About 
I-2 % o f  the wild boars in Es t onia have Tri chinella in­
vas ion . Cases of pe o ple infe c t e d  by eat ing c ontaminat e d  
meat have been re corded . The re have been n o  dome s t i c  
pig trichinellos i s  c ases i n  Es t onia . O f  paras i t i c  in­
s e c t s  Es tonian wild boars have b e e n  found to host Haema­
t opinus apri . To dehelminti z e  wild boars anthe lminthi c s  
are added to their support ing winter fe e d . 
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PIG PARASITOSES IN LITHUANIA 

Vygandas Paulikas and Viktoras Sarkunas 
Department of Infectious Diseases , Lithuanian Veteri­
nary Academy , Lithuania 

Obj ective . To investigate the occurrence of pig para­
s itoses in small private farms and large collective 
farms . 
Methods . During 1985- 1988 in different districts of 
Lithuan ia ,  we examined by f lotation methods 1865 pigs 
from 14 collective farms ( 1 , - 3 , 00 0  pig s ) and 1075 
pigs from 125 small private farms ( 2 -20 pigs ) .  
Results . According to the results from our research , 
9 3 . 4% of the p igs from collective farms , and 79 . 9% of 
the pigs from private farms , were infected with Oeso­
phagostomum dentatum , Ascaris suum , Trichocephalus 
suis , Strongyloides ransomi helminths as mono- or 
mixed infections . 
67 . 6% pigs were infected with the protozoa Balantidium 
suis and Coccidia spp . 
According to data from our research , antiparasitic 
drugs are used 20 times more frequently in pigs of 
collective farms than in pigs of small private farms . 
Conclusion . In order to prevent high parasitism and to 
obtain cleaner products , pigs should preferably be 
raised in small private farms . 
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COPROLOGICAL SURVEILLANCE AS AN ALTERNATIVE TO ROUTINE ANTHEL­
MINTIC TREATMENT IN SOW HERDS . 

Allan Roepstorff , Peter Nansen and L i s  E r iksen 
Royal Veterinary and Agr icultural U n ivers ity , Copenhagen , 
Denmark . 

Objective . The prevalences of helminths in Danish swine have 
decreased gradually during the l a s t  decade s , especially in 
large herds with intens ive management and modern hous ing s y ­
s tems . Therefore , the obj ect ive of t h e  present study w a s  t o  
evaluate t h e  need f o r  routine anthe lmintic t reatment in large 
sow herds . 
Methods . I n  1987 a l l  anthelmintic treatments were d iscontinued 
in 25 l arge sow herds w ith low h e lminth prevalences . Dur i ng 
the fol low i ng 3 year s , faecal samples f rom 2 5 - 3 0  kg pig s , lar­
ge fatteners ( appr . 90 kg ) and sows were examined rout inely 
( spring and autumn ) for helminth eggs . 
Results . During the s tudy , Ascar i s  suum was found in 2 1  herds . 
Marked increase s  i n  preva lence rate s  of A . suum ( to 3 0 - 50% ) d i d  
sooner o r  later occur among sows i n  12 herds . I n  nine of these 
herds the breeding s tock was then treated with anthelmintics 
( only when the prevalence rate was h i gh ) , and the prevalence 
rates then returned to low leve ls . Irrespect ively how infected 
the s ows were , young pigs were never found infected with 
A . suum , and the fatteners in general had very low infection 
leve l s  with no s ignif icant increases dur i ng the s tudy . 
Oesophago s tomum spp . were found in 3 herds : I n  two herds at a 
constant very low leve l , while in the third herd a marked 
increase was observed at the end of the study , certainly be­
c ause of c lose contact to an infected herd . Oesophagostomum 
spp . were never recorded from pigs or f atteners . 
Conclusions . The results indicate that tran sm i s s ion of h e l ­
minths in some large sow herds in Denmark i s  neglegible , p o s ­
s ibly due to env ironmental a n d  managemental factors . There­
fore , in these herds coprolog ical surve i l lance , on the bas i s  
o f  which eventua l  treatment may be suggested , may b e  a rea­
l i s t i c  alternat ive to rout ine prophylactic treatment without 
mon itoring paras ites . When routine anthelm intic t reatment has 
to be recommende d ,  a s ignif icant part of the large herds only 
need treatment o f  the breeding stock ( e . g .  twice per year ) a s  
n o  transmiss ion o f  helminths seem t o  take p lace t o  the o f f ­
spr ing . The tradit ional anthe lmintic s trategy with t reatment 
of sows before farrowing and treatment of young pigs at wea­
n ing only seem to be neces sary in herds , where the p i g l e t s  
become infected f rom their mothers ( i . e .  i n  the maj or ity of 
sma l l  trad itionally managed herds ) .  
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AN IN VIVO METHOD TO SEPARATE HYOSTRONGYLUS RUBIDUS FROM OESOPHA­

GOSTOMUM SPP . OF PIGS INTO A PURE STRAIN 

Henrik Bj ¢rn , Simone B ladt Knudsen , 
Nansen , Section of Parasitology , The 
cultural University , 1 3  Btilowsvej ,  
Denmark 

Christine Fossing & Peter 
Royal Veterinary and Agri­
DK- 1870 Frederiksberg C ,  

Obj ective . Preliminary studies showed that fenbendazole , at a 
dose rate of 0 . 35 mg/kg , caused a complete reduction of Oesopha­
gostomum spp . in pigs . The purpos e  of this study was to examine 
an in  vivo method to separate Hyostrongylus rubidus from Oesopha­
gostomum spp . in pigs . 
Methods . Eight SPF helminth naive pigs were inoculated via 
stomach tube with a mixture of third stage larvae of H .  rubidus 
and Oesophagostomum spp . The helminth status of the pigs were 
monitored by regular examination faecal samples for the presence 
of nematode egg and subsequently after faecal larval culture for 
the determination of species compos ition . Twenty seven days post 
inoculat ion ( p . i . ) pigs , on the bas i s  of EPG , were allocated into 
2 comparable groups of which one group was treated with fenbenda­
zole 0 . 3 5 mg/kg ( recommended dose 5 mg/kg ) , and the other group 
left untreated . Five days after treatment all pigs were slaugh­
tered and the gastro- intestinal tract was removed for determina­
tion of worm numbers and specie s . 
Results . Five days after treatment the mean post-treatment faecal 
egg output in the treated group was reduced by 7 9 . 6% .  Larval cul ­
tures showed that pre-treatment samples were composed of 18 . 1%  
H .  rubidus and 81 . 9% Oesophagostomum L3 larvae , and post-treatment 
samples showed 99 . 2% and 0 . 8% L3 larvae of the two specie s , re­
spectively . vlorm counts revealed a mean number of 681 and 82 1 of 
H .  rubidus in treated and untreated groups , respectively . With 
regard to Oesophagostomum spp . no worms of this species were 
recovered from the large intestine of treated pigs whereas 
untreated pigs harboured a mean number of 660 Oesophagos tomum 
spp . .  
Conclusion . The results show that it i s  pos s ible to separate � 
rubidus from Oesophagostomum spp . in vivo by treating pigs in­
fected with mixed populations of the two species . The use  of this 
technique would also allow establishment of pure strains of � 
rubidus from pigs infected with H .  rubidus , Ascaris suum , 
Oesophagostomum spp . and Trichuris suum . This is  valuable for 
research purposes when the isolation of pure strains of � 
rubidus i s  e ssential . Currently we are exploring three other 
techniques for separating either H .  rubidus or Oesophagostomum 
spp . of pigs into pure strains . 
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INTERACllON BETWEEN ASCARIS SUUM AND PASTEUREUA MULTOCIDA 
IN THE LUNGS OF MICE 

.. .... .. 
Kirsten Tjernehej , Us Eriksen , and Peter Nansen 

"'
Department of Veterinary Microbiology, 

""'
Department of Clinical studies, 

The Royal Veterinary and Agricultural University, Copenhagen, Denmark 

ObJective. The present study describes the Influence of lung migration of 
Ascaris suum on the pathogenicity of an aerosol exposure of mice to 
Pasteurella multoclda. 
Methods. Four groups each of 1 5  Balb/c female mice were Inoculated orally 
with 3800 Infective A. suum eggs per mouse. E ight days later 2 groups were 
aerosol exposed to a 7 ml broth culture containing 2x1 08 bacteria of either 
toxigenic or  non-toxigenic P .  multoclda, respectively; the mice were killed 4 
days later. To evaluate lung lesions caused by A. suum alone, 2 groups were 
ki l led on p. l .  day 8 and day 1 2 , respectively. Lung le.slons caused by P .  
multoclda alone were evaluated o n  day 4 following aerosol exposure. G roups 
of 1 5  non exposed mice were killed as unlnoculated controls on the same 
days as the principals. At post mortem recordings of pathological lung lesions, 
lung larval recoveries and bacteriological examinations of l ungs, livers and 
spleens were made. 
Restits. The group of mice which were aerosol exposed to non-toxigenic P. 
multoclda around the time when Ascaris larvae migrated In the l ungs showed 
severe disease and all d ied from septicemia. The bacterlae could be reisolated 
from all mice. In the group of mice only exposed to the bacterial aerosol 7 
died and P. multoclda could be relsolated. Seven of the Ascaris Inoculated 
mice concurrently aerosol exposed to toxigenic P.  multoclda, died from 
septicemia, whereas the aerosol exposure to toxigenic P.  multoclda alone d id 
not cause d isease In the mice. 
Following Ascaris Inoculation alone, small hemorrhages were found In the 
lungs of all mice on day 8, and on day 12 there were small consolidated areas 
In the l ungs but no bacteria could be Isolated. No lesions were found In the 
unlnoculated mice. 
Conclusion. The present study clearly demonstrated, that during the period 
when A. suum larvae migrate In the l ungs, mice are more susceptible to 
pneumonia and septicemia caused by aerosol exposure to P. multoclda, of 
both toxigenic and non-toxigenic strains 
Aerogen exposure to respiratory pathogens Is common In the modern pig 
Industry and possibly Ascaris larvae In the lung may enhance susceptibility to 
other pathogens. The results of the present Investigation In mice should 
encourage to controlled experiments In pigs on the possible Interaction 
between migrating Ascaris larvae and airborne Infections. 
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ASCAR I S  SUUM K I NETICS I N  TRI CKLE - I NFECTED P I GS 

P .  Nansen * , L .  Eriksen * , A .  Roep s tor f f * , P .  Lind* and 0 .  
N i l s s on * *  
* Roya l  Veterinary and Agr icultural U n ive r s ity , Copenhag e n , 
Denmark 
* *  Swedi s h  Unive r s i t y  of Agr icu ltural Sc ience s , Upp s a l a , 
Sweden 

Obj ective . An expe r imental s tudy on p ig s  was made to s imu late 
natural , long-term exposure to A s c a r i s  suum du ring the f a t ­
tening per iod . Thus , paras ite k i ne t i c s  were fol lowed in p i g s  
receiving � - suum eggs as repeated ' tr i ckle ' infect ions a t  two 
dose leve l s  from 25 kg body weight u n t i l  s l aughtering as bac o ­
ners . 
Procedures and results . I n  pigs inoculated w i th 500 eggs twice 
weekly there was an initial marked rise i n  numbers of hepa t i c  
' wh ite spo t s ' ,  but a l ready from around week 6 a f t e r  s t art o f  

t h e  i nocu lations a n d  unt i l  week 1 6 , w h e n  the last p i g s  were 
s laughtered , numbers o f  spot s dim i n i shed dras t ically . In p i g s , 
receiving only 2 5  eggs twice week l y ,  a low and mode rat e l y  
f luctuat ing number of spots wa s s e e n  throughout the exper i ­
ment . Larvae recoverab le from l ivers and lung s  were ma i n ly ob­
s erve d  i n  the beg i n n i ng of the exp e r iment , in par t icular i n  
t h e  p i g s  receiv i ng many eggs . Thereafter l arval recove r i e s  b e ­
c ame extremely low and sporad i c , irre spect ive of do se l eve l . 
Before patency , immature worms were found in moderate numbe r s , 
which were pos i t ive ly correlated w i t h  do s e  l eve l s , but at t h e  
t ime w h e n  adu lt worms s t arted to appear , immatures w e r e  prac ­
t ic a l ly no longe r  pre sent . Adu l t  wor� numbers were appare n t ly 
independent of dose l eve l . Tot a l ly o n l y  1 0  out of 40 baconers 
harboured adult s ,  and 4 out of the s e  1 0  pigs harboured 87 per 
cent o f  the total worm popu l at ion . U n i nfected pigs kept in 
g roups together with infected one s , were found to excrete low 
numbers of eggs due to coprophag i a . Worm numbers recorded i n  
t h e  p igs were i n  l ine w i th t h e  over d i spe r s e d , negat ive b ino­
mial worm d i s t r ibut ion , encountered i n  other h e lminth i n f ec ­
t ions . 
Conclusion . The results s how that acqu i red dos e - dependent h o s t  
respo n s e s  p lay an impor tant role in regu l at ing t h e  worm popu­
lat ion along the migratory route of the paras ite and that f i ­
nal e s t ab l i s hment o f  adu l t s  i s  do s e - independent and h ighly va­
r iab le . 
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LOCAL AND SYSTEMIC IMMUNE RESPONSE TO ASCARIS SUUM IN PIGS 

• • I ** ** * *  
Lis Eriksen , Mette Loftager , Hennk B0gh , Peter Lind and Peter Nansen 

• • •  
Department of Clinical studies, Department of Veterinary M icrobiology, 
The Royal Veterinary and Agricultural University, Copenhagen, Denmark 

Objective. The present study was designed to compare the local and systemic 
Immune response of pigs to oral Infection with either Ascaris suum third stage 
larvae or Infective eggs. 
Methods. Three groups each of 7 castrated parasite free pigs being an age of 
1 2  weeks were used. The group receiving third larval stage (L3) was Infected 
with 4 weekly oral doses of each 50 A. suum larvae, harvested from the l ungs 
of a pig Inoculated with Infective eggs 7 days previously. Larval migration 
through l iver and lungs therefore d id not occur In this group. The group 
receiving Infective eggs was Infected with 4 weekly oral doses of each 200 
eggs. Two weeks after the last Infection 2 pigs from each of the L3 and the 
egg groups were killed and aulopsled together with 2 unlnfected controls. 
Thereafter the remaining pigs were chal lenged orally with 50 Infective A. suum 
eggs per kg bodywelght. 
On post challenge day 7 all pigs were ki l led and white spots In the l iver and 
larvae In the lung were counted. 
Specific antibodies were measured In bronchoalveolar lavage, Intestinal lavage, 
bile and serum by an ELISA method using lsotype specific peroxidase labeled 
antlboclles to Identify lgA and lgG antiboclies against A. suum ad ult perlenteritic 
fluid and L2jl3 larval excretory products. 
ReslAts. Compared to the control group, the egg Infected group following 
challenge showed signs of resistance as evidenced by reduced l ung larval 
counts, but such a resistance was less marked In the L3 Infected group. U pon 
challenge markedly Increased liver reaction was demonstrated In the L3 
Infected pigs compared to both controls and egg Infected pigs. 
Non migrating third stage larvae and eggs given orally to pigs Induced an l gA 
antlbocly response locally In the lungs. Furthermore challenge following oral 
Infection of t he same pigs caused an lgA antlbocly response In bile of the egg 
group and In the small intestine of both Immunized groups. 
Conclusions. The present experiment demonstrated a local lgA Immune 
response both following egg Infection where larvae migrated parenterally as 
part of a normal life cycle and following an Infection with L3 that ware trans­
ferred from lungs of a donor pig to the small Intestine, where they remained 
locally. 
Acquired resistance reducing lung larval numbers was demonstrated In both 
egg and L3 Infected pigs. 
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CHARACTERI ZATION OF A MONOCLONAL ANTI BODY PRODUCED 
AGAINST THE SECOND LARVAL S TAGE OF Ascaris suum . 

·.··s0ren Jensen , ' ·"Peter Lind , '"o l e  H i ndsbo , and 
"peter Nansen . 
*The Protein Labo ratory , Univers ity o f  Copenhagen . 
* * Roya l  Veterinary and Agr icultural Univers i ty . 
* * * Institute o f  Population B i o l ogy , Univers i ty o f  
Copenhagen . 

Excretory and s ecretory ( ES )  antigens o f  the se­
cond l a rval stage of Ascari s  suum are cons idered 
prime target mol ecules for the aqu i red immune re­
sponce in p igs . 

I n  order to characteri z e  one or more o f  these 
anti gens , murine monoc l onal antibodies ( Mab ) were 
produced by infecti ng BALB/c-mice orally w ith � 
suum eggs . B-ce l l s  from mesentheric lymph node and 
spleen were fused with X 6 3 -Ag8 , 6 5 3  mouse myel oma 
cel l s , in the presence of polyethylene glycol . The 
hybri domas were grown , selected , and subcloned ac­
cordi ng to described p rocedures . Culture superna­
tants were screened by i nd i rect ELI SA with ES from 
in vitro cultured 2 .  and 3 .  l a rval stages , and 
u s i ng HRP rabbit-ant i -mouse ( RaM) Ig as conj ugate . 
Twelve hybridomas gave posi t ive reactions , seven 
originating from lymph node B-cel l s  and f ive from 
spl een B-ce l l s . 

When tested for i sotype , 4 hybridomas reacted 
w ith HRP RaM IgM , 2 w ith HRP RaM IgG , 2 with HRP 
RaM I gE , and 2 with HRP RaM IgA .  Two hybridomas 
d id not respond to any o f  the i sotype spec i f i c  
conj ugates . 

One hybridoma , des ignated 4 5 D ,  was chosen for 
further analys i s . I t  was a 11 spleen hybridoma 11 pro­
duc ing I gG . It was concentrated on a protein A 
agarose column , and e luated at pH 5 . 0 , correspon­
ding to mouse I gG, . U s i ng immune-precipitation o f  
b iot inyl ated antigen fol l owed b y  S DS -PAGE and HRP­
avidin immunoblott ing , the 4 5 D  had spec i fi c ity for 
three bands i n  the range of 4 5  to 6 0  k i l o  dalton 
( KD ) . After treat ing the antigen with periodate , 

b indi ng o f  4 5 D  was abo l i shed , suggest ing that thi s  
Mab i s  b i nding to a carbohydrate epitope . The Mab 
reacted with ES from other stages of A .  suum and 
even to ES from Toxocara can i s . But there was no 
react ion with Oesophagostomum spp. crude antigen . 
Further i nvest igat ions w i l l  c l a r i fy whether 4 5 D  
can b e  used as a n  agent i n  serodi agno s i s  o f  asca­
rid nematodes . 
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ANTIBODIES DETECTED BY ELISA , THE CLINI CAL 
COURSE AND SYMPTOMS IN S PONTANEOUS SARCOPTES 
SCABI E I  INFECTED NEONATAL PIGS 

Set Bornstein and Goran Z akrisson 
The National Veterinary Institute , Uppsa l a , 
Sweden 

The c l i n i cal course , symptoms and humoral ant i ­
body response are descr ibed o f  eleven p igl ets 
born to a chron ica l l y S arcoptes scab i e i  var su i s  
( Gerl ach . 1 8 5 7 ) i n fected s ow . Pruritus started 
on the fou rth day a fter pa rturit ion . With i n  two 
weeks acute genera l i zed sarcopt ic common mange 
was evident on a l l  piglets . The fi rst s igns of 
encrustat ions or hyperkeratot ic skin l e s ions 
were s een three weeks a fter pa rturition ( wpp ) . 
The acute common mange had d i sappeared at 9 wpp 
a fter whi ch chroni c  mange with hyperkeratot ic 
l e s ions was found only on the d i stal parts o f  
the l egs , particularly o n  the hindl egs and on 
the l uminal surface of the Pi�nae . Pruritus was 
i ntense between 1 st W8P and 7 wew and most in­
tense between the 2 n wpp and 4 wpp . Rubb i ng 
index was calcu l ated . 

Humoral antibodies of the p i g l ets were detected 
from 6 hours a fter partur ition ( hpp ) . An ELISA 
w ith ' extract of s .  scab i e i  var vulpis as ant igen 
was used . W ithin 48 hpp maximum mean OD-value 
was found , 2 .  0 and at 1 wpp the OD-value had 
fal l en to 1 . 5 .  At 3 wpp the OD-value had 
l evel l ed out to 0 .  5 and · these same values were 
found unt i l  the end of the experimenta l  period 
at 1 3  wpp . F iv� p igl ets born to a SPF sow were 
used as control s .  These p iglet s  were free of any 
skin d isease . The mean OD-value o f  the control s  
throughout the experiment were 0 . 0 5 .  
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EVALUATION OF AN ELI SA AND A HISTAMINE RELEASE 
TEST SYSTEM FOR THE DETECTION OF PIGS NATURALLY 

INFECTED WITH AS CARIS SUUM 
Henrik o .  B0gh , Peter Lind , Lis Eriksen , 

Lartey G .  Lawson & Peter Nansen . 
The Royal Veter inary and Agr icultural Univer s ity 

Bulowsvej 1 3 , 1 8 7 0 , Frederiksberg c 
Copenhagen , Denmark 

Ascaris suum in p igs has a worldwide 
d i stribution and remains preval ent in p igs in 
Denmark in sp ite o f  the avai lab i l ity o f  e f fective 
anthelmint i c s . Th is  host-parasite system 
const itutes an important immunol ogical model for 
other host-parasite systems o f  maj or importance , 
a l though the paras ite seems o f  only l imited 
economic importance to the Dan ish pig industry . 

In the present study , an indirect ELI SA test 
and a h i stamine release test system were evaluated 
for the detect ion of p igs natural l y  in fected with 
A . suum . In a recently developed histamine release 
assay , h istamine is select ively bound to glass 
micro fibres and is  subsequently detected f l uoro­
metrically fol l owing coupl ing to o-phthal­
dialdehyde . Two antigens were used in both tests : 
Adu l t  body fluid (ABF } and �13 E/S ant igens , 
obtained by in v itro cultivation o f  hatched 
infective larvae . Furthermore , d i f ferenti a l  
leukocyte counts were performed together with 
determinations o f  the number o f  worms in the sma l l  
intestine , eggs i n  faeces and l iver milk spots . 

Sens itivity and speci ficity determinations 
revealed that the ELI SA test was more powerful 
than the histamine release test using either o f  
the twd antigens . A total o f  1 5 0  p igs were tested . 
Thi rty eight o f  these pigs had 3 or more l iver 
m i l k  spots and 37 o f  these p igs could be detected 
in the ELI SA test u s ing �13 as antigen ( 9 7 % ) . The 
same test gave a spec i f icity of 89 % and thi s  
comb ination gave the highest sens itivity­
speci fi c ity index in the study . On the bas is o f  
the obtained material , . it was a l so poss ib l e  t o  
est imate the probab i l it ie s  o f  the presence o f  
l iver m i l k  spots in p igs having a speci f ic ELI SA 
value . Th is could not be done using the results 
from the h istamine release test . 

It was concluded that the ELISA test is  superior 
to the histamine release test when used as a 
d iagnostic for A . suum infection . However ,  the 
h istamine release test system may be valuab l e  in 
the study o f  allergic reactions in pigs . 

161 



E LISA AND H I S TAMINE RELEASE AS DIAGNOSTIC TESTS FOR 
Trichinel l a  spi ra l i s  INFECTION IN PIGS . 

. d 1 2 ' k  2 ' k  3 L1n .� P .  · , E r 1  sen , L .  , Henr1 sen , sv . Aa .  , Homan , , 5 2 W .  L .  , van Knapen , F .  , Nansen , P .  and Stahl S kov , 
p .  4 :  
1 :  University o f  Copenhagen ; 2 :  Royal Veterinary 
and Agricultural Univers ity ; 3 :  Nati onal Veterinary 
Laboratory ; 4 :  Univers ity Hosp ita l , Copenhagen , 
Denmark . 5 :  Nati onal Inst itute o f  Pub l i c  Heal th and 
E nv ironment a l  Protect i o n , B i l thoven , The 
Netherlands . 

The sens i t i  v i  ty of a H i stamine Release ( HR )  
techni que , based o n  s e lective absorpt i on o f  
histamine to g l a s s  f ibres dur ing the incubation o f  
cel l s  with ant igen , was compared with the 
s ens i t iv ity of ELISA for spec i f i c  ant ibody . 

HR was carried out on 18  p igs , 6 infected w ith 
2 0 0 T .  spi ra l i s  larvae , 6 infected with 5 0 0 0  h 
spira l i s  l arvae and 6 non-infected ( control group ) . 
The results obtained by HR during a 7 -week 
infect ion were compared with those of ELISA . Three 
antigens were employed : A crude muscle l arva 
extract , an excretoryj secretory ( ES )  antigen and a 
puri f i ed 4 5  kD ant igen . 

The earl iest measurabl e  reacti on in HR performed 
on whol e  b lood was found on day 19 p . i . , whereas 
the earl ie st ELISA seroconvers ions took place at 
day 1 5  p . i .  with crude and ES antigens . There was 
cons iderab l e  variat ion between p igs regarding whi ch 
test was the most sens itive for early detect ion o f  
i n fect i on . 

At post mortem examinat ion on day 4 0 p .  i .  o f  
s e lected muscle groups a l l  inoculated pigs were 
found pos itive with mean recoveries of 7 . 9  and 2 2 5  
larvaejgram o f  t i s sue i n  the l ow and high dose 
group , respectively .  At thi s  t ime , all anima l s  of 
the h igh dose group and 5/ 6 anima l s  of the l ow dose 
group were ant ibody pos itive in ELISA . HR performed 
on whol e  bl ood was pos itive in 4 / 6  pigs o f  the high 
dose group and 1/ 6 p igs of the l ow dose group . 

Washing o f  the b l ood c e l l s  prior to ant igen 
provocat ion l ed to a markedly improved sens itivity 
o f  HR , a l l  anima l s  o f  the high dose and 3/6 anima l s  
o f  the l ow dose group being pos itive b y  day 4 0  p . i .  
The t ime course in development o f  ELISA t itres and 
HR reactivity indicated that thi s  e f fect is  due to 
removal of blocking antibodies . 
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OCCURRENCE OF PORCINE HELMINTHS AND COCCIDIA IN THE NORDIC 
COUNTRIES IN RELATION TO HERD FACTORS . 

Allan Roepstorf f *  and Olle Nilsson* * 
*Royal Veterinary and Agr icultural Univers ity , Copenhagen , 
Denmark 
* * Swedish Univers ity of Agricultural Sciences ,  Uppsala , Sweden 

Obj ective . The present prevalence study was carried out in all 
Nordic countries in order to obtain comparable surveys , and by 
joint efforts , a large amount of data , suitable for multivari­
ate epidemiological analyses , were accumulated . 
Methods . In  1986-88 faecal samples and information on manage­
ment , hous ing system , anthelmintic treatment etc . were collec­
ted in Denmark ( OK ) , Finland ( SF ) , Iceland ( IS ) , Norway ( N )  
and Sweden ( S ) . From 594 swine herds a mean of 29 individual 
faecal samples per herd were proces sed for copra-paras itologi­
cal  analyses . 
Results . The most fre�1ently occurring parasite was Ascari s  
suum , with highest prevalences recorded in  large fatteners 
( OK :  25% , SF : 5% ,  I S : 10% , N : 23% , S : 3 2 % ) . Oesophagostomum spp . 
were most fre�ently found in  adult swine ( e . g .  dry sows : 
DK : 2 7 % , SF : 8% , IS : O% ,  N : 6% ,  S : 23 % ) . Trichuris suis was found 
at very low prevalences ( 0- 5% ) , and Strongyloides ransomi was 
even more rare and sporadic ( prevalences : <1%  except for I S : 5-
15% ) . With respect to coccidia , I sospora suis occurred almost 
exclusively in piglets ( DK : 2 1% ,  SF : 4% ,  I S : 24% , N : < 1 % ,  S : 22% ) , 
while Eimeria spp . showed the highest prevalence in adult 
swine , especially boars ( DK : 9% ,  SF : 2% ,  I S : 16% , N : O% ,  S : 8% ) . 
Multivariate analyses showed that the prevalences of all 
paras ites were correlated with ' country ' .  The prevalence of 
A . suum was very poorly correlated with herd factors , including 
housing system , hygiene and anthelmintic routine , while marked 
correlations were found with respect to Oesophagostomum spp . 
( most prevalent in traditionally managed herds with poor hy­
giene and no anthelmintic routine ) .  Also , the prevalence of 
I . suis in piglets was s ignificantly correlated with several 
housing and hygienic factors , but interestingly the highest 
prevalences were seen in  large herds , pens with s latted f loors 
and in disinfected pens . Finally , the prevalence of E imeria 
spp . was s ignificantly h igher in herds with outdoor runs . 
Conclusion . In  general , the highest parasite prevalences were 
found in Denmark and Sweden , and the lowest in Norway and par­
ticularly in Finland . The multivariate analyses did not reveal 
any s ingle maj or factor , determining the size of the paras ite 
infection levels . More likely , the occurrence of parasites 
depends on a combination of factors , varying from species to 
species . 
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THE EFFICACY OF IVERMECTIN IN-FEED AGAINST ENDO· 
AND ECTOPARASITES OF PIGS 

Barth,D.*, R.Alva-Valdes+, A.F.Batty••, A.G.Foster+, E.M.Heinze­
Mutz*, J.E.Holste+ and M.A.Sierra++ 
MSD Research Laboratories, Germany•, United States+, United 
Kingdom··, Spain++ 

Objective: To evaluate the efficacy of an in-feed formulation of 
ivermectin against endo- and ectoparasites in growing pigs. 

Methods: A 0.6% w/w ivermectin premix was mixed in complete pig 
feed at rates which provided ivermectin at a number of dose levels. 
Efficacy of the medicated feed, fed for 7 consecutive days, was 
evaluated against immature and adult endoparasites in 20 controlled 
trials involving 258 animals while efficacy against ectoparasites was 
tested in 13 trials including 142 pigs. 

Results: The results demonstrate that ivermectin administered in 
feed at a rate of 2 ppm (providing ivermectin at a dose of 
approximately 100 meg/kg bodyweight per day) for 7 consecutive 
days was highly effective against Oesophagostomum spp.,  Ascaris 
suum, Hyostrongylus rubidus, Stephanurus dentatus, Ascarops 
strongyline and Metastrongylus spp. and against the ectoparasites 
Sarcoptes suis and Haematopinus suis. 
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for reproduction as submitted. 
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high quality to allow reproduction on standard (not glossy) paper. Colour 
plates will not be printed. 

References shold be numbered consecutively in the order in which they 
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The reference list should follow the style set forth in Uniform Require­

ments to Manuscripts Submitted to Biomedical Journals, Br Med J 1988;  296: 
40 1-05. References to journals should contain names and initials of the 
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