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Eight years ago Glas gow Uni ver sity Vet er i nary School set up a pro ject to im prove our un der stand ing of
the mech a nisms un der ly ing re sis tance to in fec tion with Ostertagia circumcincta (also known as
Teladorsagia circumcincta). The hope was that an in creased un der stand ing would lead to better and more
sus tain able meth ods of con trol.

This pre sen ta tion will pro vide a brief over view of the im mu no log i cal mech a nisms un der ly ing ge netic
re sis tance to O. circumcincta in lambs. Fur ther de tails are pro vided in Stear et al. (1997a, 1997b). A com-
mer cial farm in Strath clyde was used to en sure that the re sults would be more ap pli ca ble to sheep
farm ers. The sheep were pure bred Scot tish Black face sheep. This breed was cho sen be cause it is the most
nu mer ous breed in Eu rope and is widely used in both straightbreeding and crossbreeding schemes. Ad -
di tionally, pre vi ous re search at Glas gow had in di cated that the breed was rel a tively re sis tant but that
there was also sub stan tial vari a tion within the breed.

O. circumcincta is a re mark ably suc cess ful par a site. Al most all graz ing sheep in tem per ate ar eas are in-
fected and many sheep carry thou sands of worms. Al though it is some times ar gued that live stock have
high worm bur dens be cause of com mer cial farm ing con di tions, this does not ex plain why O.
circumcincta is more suc cess ful than other par a sites such as Trichostrongylus axei, Trichostrongylus vitrinus
and Cooperia spp. The ex pla na tion for the rel a tive suc cess of O. circumcincta ap pears to lie in the abil ity of
some in di vid u als to sur vive over the win ter, ei ther in side the host, pos si bly as in hib ited lar vae or on
pas ture.

O. circumcincta can have a ma jor im pact on the growth of young lambs. In fected lambs grow much more
slowly than their con tem po rar ies and only a pro por tion of this loss can be re cov ered by anthelmintic
treat ment (Coop et al., 1982, 1985). Per haps the best way of as sess ing the in flu ence of in fec tion on growth
is to es ti mate the ge netic cor re la tion be tween growth rate and re sis tance to in fec tion. The ge netic cor re la -
tion be tween fae cal egg count and bodyweight is re mark ably high at -0.8 (Bishop et al., 1996). An i mals
with breed ing val ues for high egg counts have breed ing val ues for low growth rate. In deed, ge netic cor -
re la tions that are this strong sug gest that the most im por tant genes for growth rate in graz ing an i mals
are the genes for par a site re sis tance.

There are five key fea tures of the in ter ac tion be tween lambs and O. circumcincta that are rel e vant to this
pre sen ta tion:

1. Re sis tance is ac quired and not in nate
2. Worm length is as so ci ated with fe cun dity
3. Worm length and hence fe cun dity de clines as worm num bers in crease
4. Lambs can con trol worm length but not worm num ber
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5. IgA ap pears to be the ma jor mech a nism reg u lat ing worm length

Fae cal sam ples were taken at monthly in ter vals ev ery year for five years from five dif fer ent co horts of
lambs. At each sam ple date ev ery lamb was treated with an ef fec tive anthelmintic (albendazole
sulphoxide) ac cord ing to the man u fac tur ers rec om men da tions. There fore each sam ple rep re sents an in-
de pend ent in fec tion. The num ber of nem a tode eggs in the fae ces were counted ac cord ing to a mod i fied
McMaster tech nique. The heritability of a sin gle egg count in each month was es ti mated by stan dard
meth ods (Bishop et al., 1996). The heritabilities were es sen tially zero at one and two months of age then
rose rap idly to 0.33 at six months of age. In ad di tion, the counts from 3 to 6 months of age had mu tu ally
sig nif i cant pos i tive phenotypic and ge netic cor re la tions. Fur ther, the amount of vari a tion in creased as
the lambs ma tured. The sim plest con clu sion is that lit tle, if any, of the vari a tion in fae cal egg counts in
one and two month old lambs was ge netic in or i gin. Sub se quent sam ples showed an in creas ingly strong
ge netic com po nent. There fore ge netic re sis tance op er ates through con trol of an ac quired re sponse. The
most likely ac quired re sponse is of course the im mune re sponse.

These heritabilities are suf fi ciently high to make se lec tive breed ing fea si ble. Taking mul ti ple sam ples
from an i mals at dif fer ent ages and mak ing rep li cate counts on each sam ple would in crease the
heritability even fur ther. For ex am ple, four sam ples at 3 to 6 months of age and four counts on each
sam ple would al most dou ble the heritability. The fa vour able ge netic cor re la tion with growth rate means
that it would be straight for ward to de crease fae cal egg counts and in crease growth rate at the same time.
In ad di tion, the re duc tion in fae cal egg count means that the amount of pas ture con tam i na tion would
also be re duced. The com bi na tion of in creased re sis tance and de creased pas ture con tam i na tion would
lead to much greater re duc tion in fae cal egg counts than that pre dicted by clas si cal quan ti ta tive ge netic
the ory (Bishop and Stear, 1997). For trans mis si ble dis eases, ge netic the ory prob a bly un der es ti mates the
value of breed ing for dis ease re sis tance.

Over 500 lambs were necropsied at 6-7 months of age, us ing pub lished pro ce dures. There was con sid er -
able vari a tion among lambs in the mean length of adult fe male worms, with a two-fold range be tween
the lon gest and the short est (0.6 to 1.2 cm). Within the same lamb most worms are very sim i lar in length.
Male worms are shorter than fe male worms but there is a strong pos i tive cor re la tion be tween mean
male and fe male worm length; lambs with long fe males have long males. Both de lib er ate and nat u ral in-
fec tions show a re mark ably sim i lar re la tion ship be tween the mean length of ma ture fe male O.
circumcincta and mean fe cun dity. In both cases fe cun dity = 1.1 (worm length) 0.4.

As worm num bers in crease, there is a lin ear de cline in worm length and fe cun dity. This could be due to
crowd ing and com pe ti tion for re sources. Al ter na tively, in creased num bers of worms could stim u late an
in creased im mune re sponse.

The heritability of worm num ber was not sig nif i cantly dif fer ent from zero (0.14 + 0.10). There is no ev i-
dence in these data that any of the vari a tion among lambs in worm num ber is ge netic in or i gin and
there fore no ev i dence for an ef fec tive ac quired re sponse that con trols worm num ber. How ever, a weak
re sponse can not be ruled out. Ge netic vari a tion in worm num ber is how ever in suf fi cient to ac count for
ge netic vari a tion in fae cal egg count. In con trast, the heritability of worm length was ex tremely strong
(0.62 + 0.20). This high value sug gests that ge netic vari a tion among hosts ac counts for al most twice as
much of the vari a tion in mean worm length as all other fac tors com bined, in clud ing ge netic vari a tion in
the worms them selves. These heritabilities sug gest that the ma jor man i fes ta tion of re sis tance in lambs is
the con trol of worm growth and fe cun dity, not the con trol of worm num bers.
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Among the many im mune re sponses in ves ti gated, the only re sponse that is con sis tently as so ci ated with
a re duc tion in worm length is the par a site-specific lo cal IgA re sponse. The stron gest re la tion ship was
with the amount of IgA spe cific for fourth-stage lar vae, as mea sured by in di rect ELISA. Eight rep li cate
IgA mea sure ments gave an av er age cor re la tion with mean adult fe male worm length of 0.38 (Stear et al.,
1997a).

Some an i mals ap pear un able to con trol worm length de spite hav ing mod er ately strong IgA re sponses.
One ex pla na tion is that they are un able to re spond to the rel e vant par a site an ti gens. West ern blot ting
with third-stage, fourth-stage or adult par a site prep a ra tions re vealed ex ten sive het er o ge ne ity in an ti gen
rec og ni tion (McCririe et al., 1997). No sheep was able to re cog nise all an ti gens and very few, if any, par a-
site mol e cules were re cog nised by an ti body from all sheep. Sta tis ti cal anal y ses have shown sig nif i cant
re la tion ships be tween the rec og ni tion of four mol e cules and vari a tion in adult O. circumcincta fe male
worm length (McCririe et al., 1997).

The ex is tence of a sta tis ti cal re la tion ship in a prop erly de signed ex per i ment could be di rect (A is as so ci-
ated with B be cause A in flu ences B) or in di rect (A is as so ci ated with B be cause A in flu ences C which
in flu ences B). Three fac tors are as so ci ated with vari a tion in worm length: worm num ber, IgA re sponse
to fourth-stage lar vae and spec i fic ity of the an ti body re sponse. When these three fac tors are con sid ered
to gether they ac count for the vast ma jor ity (> 90%) of the vari a tion in worm length. This makes it un-
likely that IgA is merely as so ci ated with the true effector mech a nism. be cause no known im mune
re sponse is suf fi ciently strongly as so ci ated with the IgA re sponse. There fore our work ing hy poth e sis is
that worm length is con trolled by the lo cal IgA re sponse. How ever, ad di tional re search is nec es sary, es-
pe cially to con firm the im por tance of the four mol e cules in in flu enc ing worm length.

In sum mary, re sis tance to O. circumcincta is ac quired and not in nate. Worm length is a marker of worm
fe cun dity. Worm length and hence worm fe cun dity are in flu enced by the num ber of worms within the
host and by the strength and spec i fic ity of the IgA re sponse.
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