
IMMUNE RESPONSES TO PARASITIC INFECTIONS

D. Wakelin

School of Biological Sciences, University of Nottingham, Nottingham.

Par a sites of all types (pro to zo ans, helminths and ar thro pods) oc cur com monly in flocks of sheep and can
cause se vere dis ease. The eco nomic losses as so ci ated with in fec tion, which arise both from lost pro duc-
tiv ity and the costs of treat ment, are large even in tem per ate coun tries with good vet er i nary ser vices,
such as the UK, and are cor re spond ingly much greater in coun tries with warmer cli mates and less ef fi-
cient mon i tor ing and con trol of dis ease. Con trol of the ma jor ity of these in fec tions is de pend ent upon
che mo ther apy and im proved stock man age ment, but a num ber of fac tors have cre ated pres sures for al-
ter na tive ap proaches. These fac tors in clude eco nomic con straints, the de vel op ment of ex ten sive drug
re sis tance, and en vi ron men tal and con sumer con cerns over the wide spread use of chem i cal con trol
meth ods. Among the al ter na tives un der con sid er ation are breed ing for en hanced re sis tance to in fec tion,
the pro duc tion of trans gen ic re sis tant an i mals, and the de vel op ment of ef fec tive vac cines. All of these
ap proaches re quire an un der stand ing of the na ture of the re sponse to in fec tion in or der, firstly, to iden-
tify those com po nents that re quire se lec tive en hance ment to im prove re sis tance and those that need to
be down-regulated to pre vent in ter fer ence with re sis tance and, sec ondly, to iden tify and ex ploit the
genes that reg u late host re sis tance. This short re view will look at re sis tance to two of the ma jor groups
of par a sites af fect ing sheep in the UK- the pro to zoa and worms that in fect the gas tro in tes ti nal (GI) tract

Resistance to Infection

Re sis tance to par a site in fec tion is a mul ti fac eted phe nom e non.. In di vid ual an i mals, or breeds, may be re -
sis tant be cause their struc tural, bio chem i cal or phys i o log i cal char ac ter is tics are less suit able for the
es tab lish ment and sur vival of par a sites than those of oth ers. This form of re sis tance ( in nate re sis tance or
in nate im mu nity) helps to reg u late the num bers of par a sites that de velop in an an i mal when it is ex posed
to in fec tion. Re sil ience  is a form of re sis tance that en ables an an i mal to cope with the harm ful ef fects of a
par a site bur den (eg the abil ity to sus tain re duced PCV when in fected with some of the GI nem a todes).
Both of these as pects of re sis tance can be se lected for, there be ing sig nif i cant in di vid ual and
breed-related vari a tion. They are con sti tu tive - ie are al ways pres ent, op er ate each time an an i mal is in-
fected, but show no en hance ment on re in fec tion. In con trast ac quired, or adap tive, im mu nity, ex pressed
through the op er a tion of the im mune sys tem shows the char ac ter is tics of spec i fic ity, i.e the re sponses
con cerned are in duced by and op er ate against par tic u lar par a site spe cies, and mem ory, i.e. re sponses to
re in fec tion op er ate more rap idly and more ef fec tively. Like in nate im mu nity, the ca pac ity to ex press ac-
quired im mu nity is ge net i cally de ter mined and vari able be tween in di vid u als and breeds.

Intestinal Immunity

Im mune re sponses op er at ing in the GI tract dif fer in many re spects from those that op er ate sys tem i cally
against par a sites in or gans such as the skin, blood, and mus cles. This re flects both a dif fer ent or gani sa-
tion of the im mune sys tem in the gut, (based on the gut as so ci ated lym phoid tis sues), dis tinc tive
pop u la tions of T lym pho cytes (e.g. those ex press ing the  rather than the  T cell re cep tor), sep a rate
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mi gra tory pat terns of lym pho cytes, and a dis tinc tive rep er toire of effector mech a nisms. The lat ter in clude
those ca pa ble of op er at ing against or gan isms in the gut lu men (e.g. se cre tory IgA) and those that func tion
within the mucosal tis sues (e.g. mucosal mast cells). Im mune-mediated in flam ma tory re sponses can dra-
mat i cally change the struc tural and func tional en vi ron ment of the in tes tine, to the dis ad van tage of
par a sites liv ing there. Un der nor mal cir cum stances the in tes ti nal in fec tion elic its mul ti ple re sponses op er-
at ing si mul ta neously or se quen tially; fre quently these can be both pro tec tive (i.e. de fend against in fec tion)
and patho log i cal (i.e. cause tis sue dam age) and the bal ance be tween the two can be crit i cal for the host.

Anti-Parasite Responses

The op er a tion of im mune re sponses against in tes ti nal par a sites is the sub ject of in ten sive re search, but
prog ress in un der stand ing these re sponses has been some what slower than prog ress in the anal y sis of im-
mu nity to sys tem i cally lo cated par a sites. This is in part a con se quence of the dif fi culty in find ing out what
is go ing on in the in tes tine in vivo and the dif fi culty of mod el ling this in vi tro. Key ques tions that this re-
search ad dresses are:-

Why are in tes ti nal par a sitic in fec tions so prev a lent and per sis tent in do mes tic an i mals?
When im mu nity is ef fec tive how does it op er ate?
Why is im mu nity fre quently in ef fec tive?
How can im mu nity be im proved?

Prev a lence and per sis tence are un doubt edly in flu enced by fac tors such as in ten sive hus bandry, nu tri-
tional and phys i o log i cal stress, but must also re flect in ef fi cient or in ef fec tive im mune re sponses. The
in tes tine is cer tainly ca pa ble of mount ing ef fec tive anti-parasite re sponses, and most of what is known of
these re sponses has come pri mar ily from re search us ing ro dent mod els, al though com pa ra ble data from
in fec tions in sheep are in creas ingly avail able (Miller, 1996). Like all im mune re sponses against bi o log i-
cally mean ing ful tar gets, in tes ti nal im mune re sponses are ini ti ated by the pre sen ta tion of pro cessed
an ti gens to lym pho cytes of the T helper (Th) sub set, which re cog nise these an ti gens through their T cell
re cep tors. These cells then reg u late the sub se quent re sponse through their re lease of cytokines - which are
es sen tially short-range hor mones that com mu ni cate with other lym pho cytes, in flam ma tory cells and a va-
ri ety of other cell types (Fresno and Rivas,. 1997). Th cells are them selves di vis i ble into sub sets, each of
which pro duces a char ac ter is tic pro file of cytokines; the sub sets there fore in flu ence im mune re sponses in
dif fer ent ways. In ro dents, and prob a bly in sheep, cells of the Th1 sub set lib er ate cytokines that reg u late
cell-mediated re sponses (eg. macrophage ac ti va tion), con trol T cell re sponses and the pro duc tion of an ti-
body of par tic u lar isotypes. Th2 cells lib er ate cytokines that reg u late humoral re sponses, par tic u larly
pro duc tion of isotypes such as IgA and IgE, and in duce in flam ma tory re sponses in volv ing eosinophils
and mucosal mast cells. In gen eral, Th1 re sponses are in volved in pro tec tion against intracellular pro to zo-
ans, e.g. coccidians such as Eimeria and Cryptosporidium (Ovington and oth ers, 1995). Here the im por tant
cytokines are interleukin -12 (IL-12), re leased from macrophages, and in ter feron gamma (IFN ) from Th1
cells and nat u ral killer cells. IFN  ap pears to con trol intracellular kill ing mech a nisms that are able to de-
stroy in vad ing coccidians. In con trast, Th2 cells are re quired for pro tec tion against in tes ti nal nem a todes
(Finkelman and oth ers, 1997). Key cytokines in clude those that reg u late mucosal mast cell and eosinophil
re sponses (e.g. IL-3, 4, 5, and 9), those that reg u late IgA pro duc tion (IL-5), and those that are now known
to in flu ence the ac tiv ity of the in tes ti nal mus cu la ture to gen er ate expulsive re sponses (e.g IL-4 , IL-13).
Con trol of in tes ti nal nem a todes may be ex erted through an ti body-mediated ef fects on their growth, de-
vel op ment and re pro duc tion and by in flam ma tory changes that al ter the struc ture and func tion of the
in tes tine it self.



Th1 and Th2 cells are mu tu ally in ter ac tive and each can down-regulate the ac tiv ity of the other. Dom i-
nance of a re sponse by one Th sub set can de ter mine whether the out come is in creased re sis tance to
in fec tion or con tin u ing sus cep ti bil ity. There is clear ev i dence from some ro dent sys tems that there is a
com plex in ter ac tion be tween par a site and host ge no type which can bias the Th re sponse to one pole or
the other, re sult ing in the ex pres sion or the fail ure of im mu nity. Some par a sites are clearly able to mod -
u late Th re sponses in ways that in ter fere with host im mu nity and thereby pro mote their own sur vival.

Vaccination

The first suc cess ful anti-parasite vac cine was that pro duced in the 1960’s against lungworm in fec tion in
cat tle, later used against lungworm in sheep. This vac cine, which was de vel oped largely em pir i cally,
used at ten u ated (ir ra di ated) in fec tive lar vae to stim u late re sis tance against sub se quent in fec tion and
gave ex cel lent pro tec tion. Sub se quent at tempts to use sim i lar ap proaches for vac cines against other par -
a sites were much less suc cess ful, and it is only rel a tive re cently that ef fec tive vac cines against other
vet er i nary par a sites have reached the mar ket (Tomley et al., 1995). Some still use at ten u ated or gan isms
(e.g. that against coccidiosis) oth ers have ex ploited mo lec u lar ap proaches (e.g. those against lar val tape-
worms and ticks). With the un der stand ing we now have about im mune re sponses to par a sites it is
pos si ble to adopt a ra tio nal ap proach to vac cine de vel op ment. The el e ments of such an ap proach in clude
iden ti fi ca tion of the an ti gens (and epitopes) that elicit good pro tec tion and min i mal pa thol ogy, pro duc-
tion of these an ti gens by re com bi nant tech nol ogy or by chem i cal syn the sis, use of pre sen ta tion routes
and mo dal i ties that maxi mise the host’s re sponse, ac ti vate the cor rect T cell sub sets and re lease the ap-
pro pri ate cytokines, and (in the case of GI par a sites) tar get pro tec tive re sponses to the in tes ti nal mu cosa.

A par tic u lar chal lenge for vac cines is to en sure good im mu nity in an i mals or breeds whose re sponses to
in fec tions with the tar get par a site are ge net i cally poor. To do this re quires a de tailed knowl edge of
which com po nents of re sponses are de fec tive and a good back ground un der stand ing of the rea sons why
this may be so. It is en cour ag ing that, from lab o ra tory mod els and from work in sheep, this knowl edge
is now be com ing avail able, and should pro vide a firm ba sis for fu ture prog ress in vac cine de vel op ment.

References

Finkelman, F.D., Shea-Donohue, T., Goldhill, J. et al., (1997). Cytokine regulation of host defense against
parasitic gastrointestinal nematodes: lessons from studies with rodent models. Annual Reviews in
Immunology, 15, 505-533.

Fresno, M., Kopf, M. and Rivas, L. (1997). Cytokines and infectious diseases. Immunology Today, 18, 56-58.
Miller, H.R.P. (1996). Prospects for the immunological control of ruminant gastrointestinal nematodes:

natural immunity, can it be harnessed? International Journal for Parasitology, 26, 801-811.
Ovington, K.S., Alleva, L.M. and Kerr, E.A. (1995). Cytokines and immunological control of Eimeria spp.

International Journal for Parasitology, 25, 1331-1351.
Tomley, F.M. and Taylor, D.W. (eds.) (1995). Parasite Vaccines. Parasitology, 110, supplement.

5

IMMUNE RESPONSES TO PARASITIC INFECTIONS


