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Introduction
Fasciolosis is a se rious dis ease of sheep and cattle and occurs through out the world. The exact economic
significance of fasciolosis is difficult to quan tify, but the dis ease is re garded as a major constraint on
live stock production and the cost to the global ag ricultural in dus try is estimated to be US$2,000 million
annually. The caus ative agents of fasciolosis are Fasciola hepatica and F. gigantica both of which are transmitted by an in ter me diate snail host of the species Lymnea. Currently fasciolosis can be controlled by the
use of che mo therapy and chemoprophylaxis or by destroying snails and their habitat, thereby prevent ing trans mission of the para site. Flukicidal drugs can be used to treat clin ically-affected live stock or
used stra tegically either to pre vent dis ease or to pre vent con tam ina tion of pas ture with fluke eggs. But
drug-treatment is expen sive and is not always used in the most effective way to prevent disease. To be
able to vaccinate sheep and cattle against fasciolosis would be a major advance in the con trol of the disease, particularly in developing coun tries where for eign exchange for the pur chase of flukicidal drugs is
lim ited.
Research over many years has dem on strated that cattle acquire a de gree of resis tance to fasciolosis fol lowing exper imental challenge and following im munisa tion with attenuated flukes whereas sheep
re main sus ceptible to in fection even af ter repeated exposure or im munisation (Haroun and Hillyer,
1986). However the ability of cattle to acquire re sis tance af ter nat ural exposure to the para site is less well
documented. These findings suggest that a vaccine will have to be based on antigens selected em pirically rather than identified by char acteris ing an existing power ful protective im mune re sponse. Sev eral
groups of enzymes have emerged as poten tial vaccine can didates as a re sult of re search on the closely
re lated para sites, Schistosoma spp. In this short pa per two groups of enzymes will be con sidered, the
glutathione -S-transferases and the Cathepsin L pro teas es. Prog ress re lat ing to these two en zymes has
re cently been re viewed by S pithill and Dalton (1998).

Glutathione-S-transferase
The GSTs are a fam ily of iso-enzymes which occur throughout the an imal king dom and are found in a
wide variety of differ ent para sites. They are detoxification en zymes, able to con vert poten tial toxic endog enous com pounds into less re active forms. Schistosome GSTs have been shown to pro tect mice
against challenge with S. mansoni and S. japonicum and therefore in view of the sim ilarity between the
schistosomes and Fasciola GSTs have been tested for their ability to con fer protection against experimental in fection. GSTs from adult F. hepatica have been iso lated and cloned but to date, only the purified
native molecules have been used in vaccine trials. GSTs have been shown to con fer partial protection in
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both sheep and cattle (Ta ble 1). The level of protection in duced was affected by the choice of adjuvant
used. Most vaccine trials have used Freund’s Adjuvant, how ever this is not licensed for com mercial use.
In GST vaccine trials in cat tle the highest pro tection was observed us ing the adjuvant Quil A/Squaline
Montanide 80 . Protection was evident at both the level of a re duction in the num ber of adult flukes re cov ered from the livers of the vaccinated an imals and also in a reduction in the fecun dity of the flukes.

Table 1
F. Hepatica molecules used in vaccine trials
Vaccine Molecule

Species
Vaccinated

Adjuvant

% Protection

Reference

GST

Sheep

Freund’s

57

Sexton et al., 1990

GST

Cattle

Q/A SM80

69

Morrison et al., 1996

Cysteine Protease

Sheep

Freund’s

NS*

Wijjfels et al., 1994

CL1

Cattle

Freund’s

42

Dalton et al., 1996

CL1 + Hb**

Cattle

Freund’s

52

“

CL2 + Hb**

Cattle

Freund’s

72

“

Hb**

Cattle

Freund’s

44

“

* NS = No significant re duction in worm burden, but fae cal egg out put was reduced by 69%
** Hb = F. hepatica haemoglobin-like mole cule

Cathepsin L proteases
A second group of en zymes that has re ceived atten tion as poten tial vaccine can didates is the cysteine
pro teas es and in particular, a sub-group of the cysteine proteases, the Cathepsin Ls. These enzymes are
excreted/se creted by F. hepatica and have been im plicated in fa cilitat ing the move ment of juvenile flukes
through the liver, in acquisition of nutrients derived from host blood and tissues and in im mune eva sion
by cleav ing host im munoglob ulin thus preventing effector cell attach ment. Two Cathepsin Ls Cathepsin L1 (CL1) and Cathepsin L2 (CL2) - have been characterised and cloned and their vaccine po tential ana lysed.
In a trial in which sheep were im munised with CL1 and CL2 to gether in Freund’s Adjuvant no signifi cant re duction was seen in the fluke worm bur den, however there was a sig nificant re duction in the
fe cundity of the worms (Table 1). In an other trial, in which cattle were im munised either with the CL1
and CL2 alone or in com bination with an other F. hepatica-derived protein - a fluke haemoglo bin - protec tion was elicited both at the level of a reduction in the worm burden and in a reduced egg out put in the
vaccinated cat tle (Ta ble 1).

Antibody responses to the CL1 and CL2 in naturally infected cattle.
Recent studies have shown that a ma jor antigen in cat tle naturally exposed to F. hepatica un der con di tions of high challenge, is a 28 kda protein. All experimen tally in fected and 83% of nat urally exposed,
adult cattle were found to have se rum antibodies to this 28 kda pro tein. This protein has been character -
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ised and shown to con tain the fluke CL1 and CL2 suggest ing that these en zymes are ma jor antigens in
nat urally exposed an imals (Ortiz and Williams, manuscript in preparation). Studies are un derway to determine if sheep, natu rally exposed to the para site also mount an tibody responses to these en zymes.

Conclusions
The fea sibility of de veloping an anti-fluke vaccine appears to be good in view of the rea son ably high
lev els of pro tection ob tained in trials us ing defined antigens. Several problems re main however. So far
the high est levels of protection have been ob tained in cattle, few trials have been carried out in sheep
and those that have been re ported have not shown the same de gree of protection compared to cattle. In
view of the greater sus ceptibility of sheep to fasciolosis, and their appar ent in ability to develop resistance to the para site, it is possible that a vaccine which is effective in cattle may be less ef fective in sheep.
Secondly, effective adjuvants which can be used alter na tives to Freund’s Adjuvant but in duce equiva lent lev els of protection have yet to be iden tified. Finally, all the trials reported so far have used na tive
pro tein. Clearly this is not via ble for a com mercial vaccine. Although all the antigens tested so far for
their protective potential are available as recom binant molecules, none have so far been shown to con fer
pro tection as effectively as the na tive proteins. However with new expression systems becoming available it is likely that this will change.
There is a feeling of optimism about the development of a vaccine against fasciolosis. If this is realised,
then farm ers in the de veloped and the developing world will have a new and ef fective weapon in their
armoury in the fight against the liver fluke.
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