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ABSTRACT 

Fox, M.T., 1993. Pathophysiology of infection with Ostertagia ostertagi in cattle. Vet. Parasitol., 46: 
143-158. 

Infection with the abomasal nematode, Ostertagta ostertagi, is an important cause of impaired pro- 
ductivity in young cattle in temperate parts of the world. Such losses have been associated with marked 
changes in feed intake, gastrointestinal function, protein, energy and mineral metabolism, and in body 
composition. The reduction in feed intake is an important factor in the pathogenesis of infection and 
may account for a large part of the difference in weight gain between ad libitum fed control and 
infected calves. Despite the obvious importance of inappetance, only recently has an association been 
made between reduced intake, altered gut motility and elevated levels of certain gastrointestinal hor- 
mones, such as gastrin. It has been suggested that the elevated gastrin levels accompanying abomasal 
parasitism may impair reticulo-ruminal motility and slow down abomasal emptying, leading to a stasis 
of ingesta and a reduction in feed intake. The rise in blood gastrin levels may also be partly responsible 
for the marked hyperplasia of the fundic mucosa seen in abomasal infections. Pronounced changes in 
protein metabolism have also been associated with Ostertagia infection. Radioisotopic studies have 
demonstrated increased losses of albumin into the gastrointestinal tract which are accompanied by an 
increase in the rate of synthesis in the liver. Dietary protein breakdown in the abomasum is also likely 
to be impaired, although there is evidence of a compensatory increase in protein digestion in the lower 
gut of parasitised calves. Increased losses of albumin are not always accompanied by increases in 
faecal nitrogen, suggesting that albumin is broken down and recycled as ammonia, Radioisotopic 
studies in animals with intestinal nematode infections have demonstrated a marked reduction in mus- 
cle protein synthesis and an increase in protein synthesis in gastrointestinal tissue. Such changes in 
the balance of protein synthesis are likely to be brought about by alterations in the balance of certain 
metabolic hormones. Marked changes in energy metabolism also accompany Ostertagia infection. 
Parasitised calves exhibit a marked increase in non-esterified fatty acid levels, resulting from the mob- 
ilisation of adipose tissue, and a reduction in digestive efficiency of energy, probably associated with 
the increase in cycling of protein through the gastrointestinal tract and the compensatory increases in 
protein synthesis. Mineral metabolism may also be affected although relatively little work has been 
conducted in cattle. Changes in body composition reflect a reduction in deposition of muscle protein 
and fat, and an increase in bone content and water retention. 
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I N T R O D U C T I O N  

Infection with the abomasal nematode, Ostertagia ostertagi, is an impor- 
tant cause of impaired production in cattle in temperate parts of the world. 
Experimental studies have demonstrated reductions in liveweight gain of be- 
tween 20% (Taylor et al., 1989) and 100% (Fox et al., 1989a) in animals 
exposed to different levels of infection. Similarly, a wealth of data has been 
collected from field studies in which the weight gains of anthelmintic treated 
and untreated calves grazing Ostertagia-contaminated pastures have been 
compared (e.g. Jacobs et al., 1987). 

The effect of gastrointestinal parasitism on production in adult cattle has 
also received considerable attention. Early studies in the United States re- 
ported significant increases in milk yield following anthelmintic treatment of 
clinically healthy cows around calving (Bliss and Todd, 1973, 1976). Later 
investigations, however, gave conflicting results. Some workers reported an 
increase in yield (McBeath et al, 1979; Bliss et al., 1982) while others failed 
to demonstrate any significant effect of treatment on milk production, de- 
spite using large numbers of animals (Baker, 1979; Michel et al., 1982; Fox 
and Jacobs, 1984). Two recent studies, in which an increase in milk produc- 
tion was demonstrated following treatment of cows during the dry period, 
also established significant correlations between the production response to 
treatment and either management practice or mean herd Ostertagia antibody 
titre (Bissett et al., 1987; Ploeger et al., 1989 ). Such relationships might be 
used as a basis for deciding whether or not to treat dairy cows. Detailed stud- 
ies on the specific effects of Ostertagia infection on reproductive performance 
in cattle have yet to be reported although one such study has recently been 
described in sheep. Infection with Ostertagia circumcincta did not, however, 
appear to exert any significant effect on a range of reproductive parameters 
in immune ewes. The ovulation rate was, nevertheless, consistently lower in 
the parasitised animals (Jeffcoate et al., 1988 ). 

It is clear, therefore, that Ostertagia is of considerable economic impor- 
tance and the production effects of parasitism are well recognised. There has 
also been a marked increase in our knowledge of the pathogenesis of infec- 
tion, particularly in younger animals. Work in calves has shown that infection 
may result in depressed appetite, impaired gastrointestinal function and al- 
terations in protein, energy and mineral metabolism, and changes in water 
balance. Such changes lead to alterations in body composition and, as a result, 
in carcass quality. 

FEED INTAKE 

A depression in voluntary food intake is an important feature of infections 
with gastrointestinal nematodes and is widely recognised as a major factor in 
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the pathogenesis of such infections (Holmes, 1985 ). In cattle, the degree of 
inappetance varies and, as in sheep (Symons, 1985 ), appears to be dose re- 
lated. For example, a reduction in intake of up to 77% was recorded by Fox 
et al. (1989a) in calves experimentally infected with 10 000 Ostertagia oster- 
tagi larvae daily, whereas exposure to 2000 larvae of the same strain per day 
did not appear to affect appetite (Taylor et al., 1989). Quantifying depres- 
sion in intake in animals exposed to trichostrongyle infection at pasture is, by 
comparison, more difficult. Bell et al. ( 1988 ) were, however, able to demon- 
strate an 18% depression in appetite in control animals grazing Ostertagia- 
contaminated pasture in comparison with calves protected by a morantel sus- 
tained release bolus (MSRB). The difference in intake between the two groups 
would have been greater had the MSRB-treated calves been totally uninfected 
and had both groups not lost weight owing to a shortage of grass in mid-sum- 
mer. The latter is likely to be particularly important as plane of nutrition has 
been shown to influence the degree of inappetance in sheep infected with 
Haemonchus contortus (Abbott et al., 1986). 

The significance of a depression in appetite as a cause of impaired produc- 
tivity may be assessed by the use of pair-feeding studies in which feed intake 
of uninfected control animals is restricted to that of their infected pair mem- 
bers. Comparison of data from infected, pair-fed and ad libitum fed control 
groups thus enables the impaired weight gain due solely to a drop in appetite 
to be distinguished from that associated with the parasite burden. This tech- 
nique was used in sheep by Sykes and Coop ( 1977 ), who demonstrated that 
inappetance accounted for over 60% of the difference in weight gain between 
Ostertagia-infected and ad libitum fed control animals. Only recently has pair- 
feeding been used to assess the relative importance of appetite depression as 
a cause of lost productivity in Ostertagia-infected cattle. Fox et al. (1989a) 
found that nearly 73% of the difference in weight gain between ad libitum fed 
controls and calves exposed to a trickle infection was due solely to the depres- 
sion in appetite. This type of study does not, of course, take account of the 
changes in body composition that may accompany Ostertagia infection (En- 
trocasso et al., 1986a; Bell et al., 1990). 

Despite the obvious importance of inappetance in parasitised animals, rel- 
atively little is known of the mechanisms by which parasites induce a depres- 
sion in food intake. Two comprehensive reviews highlighted the limited state 
of our current knowledge on this topic (Crompton, 1984; Symons, 1985). 
Until recently, numerous explanations had been proposed, although none of 
these were entirely satisfactory. A number of authors have in the past sug- 
gested that pain may be an important cause (Andrews, 1939; Gibson, 1955 ), 
though this is extremely difficult to assess. Whether the alterations in abom- 
asal pH that accompany Ostertagia infection are associated with a reduction 
in appetite is not known, although Holmes ( 1985 ) suggested that the result- 
ant changes in protein digestion and in the availability of amino acids may be 
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important as absorption of the latter has been shown to influence feed intake 
(Leng, 1981 ). 

Currently, the most promising line of research in this area is the association 
between certain gut peptides and inappetance in parasitised ruminants 
(Titchen, 1982). Recent work has demonstrated that the depression in ap- 
petite seen in Ostertagia-infected calves is closely associated with an elevation 
in blood gastrin levels and a reduction in the rate of passage of ingesta (Fox 
et al., 1989a,b). The authors suggested that the hypergastrinaemia may be 
partly responsible for the drop in feed intake. While one of the more impor- 
tant actions of gastrin is to stimulate acid and pepsin secretion by the abom- 
asum (McLeay and Titchen, 1970), the peptide also affects the contractility 
of smooth muscle, inhibiting reticulo-ruminal motility (Carr et al., 1970 ) and 
slowing down gastric emptying (Bell et al., 1977 ). This would result in a stasis 
of ingesta in the reticulo-rumen and abomasum and lead to a reduction in 
feed intake (Campling and Freer, 1966 ). A similar relationship between ap- 
petite, reticulo-ruminal motility and blood gastrin levels was established by 
Grovum (1981) who recorded a significant depression in intake when the 
synthetic analogue, pentagastrin, was infused into the jugular veins of sheep. 
Subsequent work by Fox et al. (1989c) demonstrated a 40% depression in 
appetite in worm-free calves when endogenous blood gastrin concentrations 
were raised indirectly, by the human gastric acid secretion inhibitor omepra- 
zole, to values comparable with those seen in parasitised calves. If gastrin is 
to become accepted as an important factor in the depression of appetite in 
cases of abomasal parasitism, its action must be blocked, possibly by immu- 
noneutralisation, with a view to restoring appetite towards normal (Poppi et 
al., 1990). 

G A S T R O I N T E S T I N A L  F U N C T I O N  

Although reduced feed intake has a marked effect on the productivity of 
parasitised ruminants, studies using pair-feeding techniques have shown that 
inappetance is not the only consequence of infection and that such animals 
often exhibit impaired utilisation of nutrients relative to pair-fed animals on 
the same feed intake (Holmes, 1987 ). Such changes may be accompanied by 
alterations in gut motility, in gastrointestinal secretions and in digestion and 
absorption. 

Gastrointestinal motility 

The effect of nematode infections on gut motility and rate of passage of 
ingesta has been studied in relatively few experiments. One recent investiga- 
tion examined the rate of passage of chromium-mordanted hay in calves ex- 
posed to a trickle infection with O. ostertagi (Fox et al., 1989a). The authors 
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found that rate of passage was markedly affected, not only by the parasite 
burden but also by the reduction in feed intake. Infected calves exhibited a 
74% reduction in rate of passage and pair-fed controls exhibited a 50% reduc- 
tion in comparison with ad libitum-fed control animals. Such studies, how- 
ever, only record overall changes in the rate of passage of ingesta and may 
therefore mask differences in response to the parasite infection in different 
compartments of the gut. 

Changes in gut motility in different parts of the gut, associated with abom- 
asal parasitism, have been investigated in sheep infected with Trichostrongy- 
lus axei (Bueno et al., 1975) and H. contortus (Bueno et al., 1982). Both 
experiments revealed marked disturbances in gastrointestinal motility which, 
like the study in cattle, were partly associated with a depression in feed intake 
and partly with the parasites themselves. A marked disruption of the migrat- 
ing myoelectric complex and severe inhibition of the reticulo-rumen and 
abomasum were recorded which Gregory (1985 ) suggested could be associ- 
ated with alterations in circulating levels of gastrointestinal hormones. 

Gastrointestinal secretions 

Marked changes in gastrointestinal secretions accompany Ostertagia infec- 
tions in ruminants including a reduction in gastric acid secretion and an in- 
crease in circulating pepsinogen and gastrin levels. The reduction in acid out- 
put is brought about by the replacement of functional parietal cells with those 
of reduced activity, rather than a direct response to parasite secretions (Mur- 
ray et al., 1970; McKellar et al., 1990 ). The effect of such a change on abom- 
asal digestion is difficult to assess as will become apparent later. 

The elevation in blood pepsinogen levels in parasite-naive animals was 
originally thought to result from the combined effects of a rise in abomasal 
pH, the accumulation of non-activated pepsinogen in the gastric glands and 
an increase in mucosal permeability (Murray et al., 1970). A similar change 
in permeability was also thought to be responsible for the pepsinogen re- 
sponse to infection in immune cattle and caused by an allergic reaction to 
recently ingested larvae (Armour et al., 1979). However, Stringfellow and 
Madden (1979) were unable to show any differences in mucosal permeabil- 
ity between infected and worm-free calves, when using horseradish peroxi- 
dase as a marker, and reported ultrastructural evidence of direct secretion 
into the blood. More recently, Fox et al. (1989c) recorded elevated blood 
pepsinogen values in association with a hypergastrinaemia in worm-free 
calves. It appears, therefore, that the mechanisms by which pepsinogen levels 
become elevated are more complicated than originally envisaged and may be 
multifactorial in origin (McKellar et al., 1986). The zymogen is, neverthe- 
less, a valuable tool in the diagnosis of abomasal parasitism and attention has 
focused recently on the different forms of pepsinogen occurring in the blood 
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of calves with Ostertagia infection (Eckersall et al., 1987). Unfortunately, 
from the diagnostic point of view at least, the same forms appear to predom- 
inate in cattle irrespective of their previous experience of the parasite or the 
method of infection, i.e. oral infection with infective larvae or direct trans- 
plantation of adult worms into the abomasum (McKellar et al., 1988 ). 

The marked rise in abomasal pH appears to be the main stimulus for the 
hypergastrinaemia seen in sheep and cattle infected with Ostertagia (Ander- 
son et al., 1981; Fox et al., 1987). However, work in sheep (Anderson et al., 
1981 ) and, more recently, in cattle (McKellar et al., 1987 ) suggests that the 
parasites or their secretions may also exert a mild stimulatory effect on gas- 
trin secretion in the absence of any change in pH. The rise in blood gastrin in 
Ostertagia-infected calves appears to be due to a marked increase in synthesis 
of the peptide, as judged by increases in gastrin gene expression, coupled with 
a reduction in storage in the pyloric mucosa. Surprisingly perhaps, this is ac- 
companied by a reduction in the number of gastrin-producing G cells. Whether 
a reduction in turnover of the peptide also contributes to the elevation in 
blood levels is at present unknown. Chromatographic separation of the differ- 
ent molecular forms ofgastrin in the blood has revealed that the hypergastri- 
naemia consists of largely big gastrin (G-34, containing 34 amino acids ) rather 
than little gastrin (G- 17 ) which is the predominant form in the blood of worm- 
free calves (M.T. Fox, P. Shivalkar, A. Carroll, U.E. Uche, A. Purewal, D.E. 
Jacobs and C. Vaillant, unpublished data, 1992 ). This supports observations 
made in Ostertagia-infected sheep (Anderson et al., 1988) and may reflect 
incomplete post-translational processing of the precursor molecule, progas- 
trin, the longer half-life of G-34 or an increase in contribution of duodenal 
gastrin, which contains a greater proportion of G-34 (Reynolds et al., 1991 ). 
The marked hypergastrinaemia, associated with abomasal parasitism, has 
made assay of the peptide a useful diagnostic tool although, like pepsinogen, 
it is not specific for Ostertagia infection (Fox et al., 1987; Fox et al., 1988; 
Snider et al., 1988 ). Of greater significance, however, is the possible relation- 
ship between elevated blood gastrin, impaired gut motility and depressed ap- 
petite referred to earlier. In addition to stimulating gastric acid secretion and 
impairing smooth muscle contractility in the wall of the reticulo-rumen and 
abomasum, gastrin also has atrophic action on the parietal cell region of the 
abomasum. Anderson et al. ( 1988 ) and Snider et al. (1988) suggested that 
this may be partly responsible for the hyperplasia of the fundic mucosa seen 
in Ostertagia infections. An increase in blood levels of another gut peptide 
with trophic effects, enteroglucagon, in sheep with H. contortus (Nichols et 
al., 1985 ), adds further interest to the role of these peptides in the pathogen- 
esis of infection. 

Digestion and absorption 

Ostertagia infections are associated with marked elevations in gastric pit  
which might be expected to impair abomasal digestion and, as a result, the 
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absorption of nutrients. A few studies have indeed shown that the digestion 
of dietary nitrogen is impaired, although precise interpretation of these data 
is difficult because these studies do not allow for significant passage of endog- 
enous nitrogen into the gastrointestinal tract of parasitised animals. Fewer 
difficulties arise with the evaluation of results from balance studies that in- 
clude pair-fed control animals though even these fail to allow direct measure- 
ment of digestion and absorption in different parts of the gut. Such studies 
should ideally be conducted in animals with indwelling gastrointestinal can- 
nulae. The results of such studies are referred to later; in general they indicate 
that in abomasal infections impaired digestion and absorption are not impor- 
tant causes of poor utilisation of nutrients in parasitised animals (Holmes, 
1987). 

PROTEIN METABOLISM 

The effect of gastrointestinal parasitism on protein digestion and metabo- 
lism has been extensively reviewed (Dargie, 1980; Sykes, 1982; Steel and Sy- 
mons, 1982; Poppi, 1986; Parkins and Holmes, 1989; Poppi et al., 1990). In 
abomasal infections, protein intake is likely to be depressed and gastric diges- 
tion impaired as a result of the increase in abomasal pH. However, quantify- 
ing the depression in protein breakdown in the stomach is difficult. Interpre- 
tation of apparent nitrogen digestibility data, based on the analysis of feed 
and faecal samples, is hampered by the loss of endogenous nitrogen, largely 
plasma proteins, exfoliated epithelial cells and mucus, into the abomasum 
and compensatory increases in protein digestion and absorption lower down 
the intestine. Although methods to quantify the loss of exfoliated epithelial 
cells and mucus are not yet available (Holmes, 1987), it is possible to mea- 
sure blood protein losses using radioisotopic techniques. Taylor et al. ( 1989 ) 
recorded significant losses of labelled albumin into the abomasum of Oster- 
tagia-infected calves, but found no significant increase in faecal nitrogen loss. 
The authors suggested that albumin lost into the gut lumen may have been 
degraded by bacteria in the large intestine and reabsorbed as ammonia. This 
would then be transported to the liver, converted to urea and either used for 
resynthesis of amino acids or excreted in the urine (Vernon and Peaker, 1983 ). 
Increased losses of urinary nitrogen have been recorded in Ostertagia-in- 
fected calves by Parkins et al. (1982) and Taylor et al. (1989). 

Radioisotopic studies have also demonstrated compensatory increases in 
the synthesis of liver proteins, including albumin, in sheep with gastrointes- 
tinal infections (reviewed by Symons, 1985 ). Where such infections are heavy, 
the increase in albumin synthesis may not match the loss, resulting in lowered 
blood protein levels (Mulligan et al., 1963 ). There is, however, likely to be a 
delay in the appearance of a hypoalbuminaemia because of the relatively long 
half-life of albumin (Mackie and Fell, 1971; Fox et al., 1989b). Increases in 
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protein synthesis have also been recorded in gastrointestinal tissue of animals 
with intestinal infections, although so far, such observations have been re- 
stricted to guinea pigs infected with Trichostrongylus colubriformis (Symons 
and Jones, 1983 ). It is important to establish whether similar changes occur 
in ruminants, as these sites of increased protein synthesis may be an impor- 
tant cause of impaired nutrient utilisation in parasitised sheep and cattle 
(Holmes, 1987). Radioisotopic techniques have also been used to monitor 
changes in muscle protein synthesis in parasitised ruminants. Symons and his 
colleagues used L-[laC]-leucine and L-[14C]-tyrosine in a series of experi- 
ments to demonstrate significant reductions in the level of protein synthesis 
in the muscle of sheep infected with T. colubriformis. Comparison of infected 
and pair-fed control data in these experiments indicated that while anorexia 
may contribute to impaired muscle protein synthesis, it was not the only fac- 
tor responsible. As a result of these studies, Symons (1985) concluded that 
there is a net movement of amino acid nitrogen from muscle to the liver and 
gastrointestinal tract, which decreases its availability for growth and milk 
production in parasitised animals. 

Relatively little attention has been focused on the mechanisms underlying 
these changes in protein synthesis. Symons (1985) suggested that they may 
be hormonal in origin and subsequent work has tended to favour this hypoth- 
esis. Fox et al. (1987) demonstrated significant reductions in circulating in- 
sulin levels in calves exposed to a single large Ostertagia infection, which in 
the long term would have impaired muscle protein synthesis and reduced pro- 
tein catabolism in the liver (Murray et al., 1990). Similar results were ob- 
tained in calves exposed to a trickle challenge which, by comparison with pair- 
fed control data, could be largely ascribed to a depression in feed intake (Fox 
et al., 1989b ). The mechanism responsible for the depression in blood insulin 
remains a matter for speculation, but may be related to the rate of protein 
breakdown in the intestine. This is known to be closely correlated with plasma 
insulin levels in sheep (Bassett et al., (1971 ). Changes in corticosteroid and 
thyroxine levels have also been implicated as possible causes of altered pro- 
tein metabolism in parasitised sheep (Pritchard et al., 1974). However, Fox 
et al. ( 1987 ) were unable to detect any difference in circulating corticosteroid 
levels in Ostertagia-infected calves, although they did record a depression in 
total thyroxine which they associated with fluctuations in feed intake. This 
change was unlikely to be important as levels of free (or unbound) thyroxine, 
the metabolically active form of the hormone, were not significantly affected. 

Despite the marked changes in protein digestion and metabolism that ac- 
company abomasal parasitism, there appears to be little or no effect on pro- 
tein absorption per se. It should therefore be possible to meet the increased 
nutrient demand by improving the protein content of the diet (Poppi et al., 
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1990). Support for this hypothesis has been provided by Abbott et al. ( 1986, 
1988 ) who increased protein deposition and liveweight gain in sheep infected 
with H. contortus to levels similar to those in control animals by increasing 
intestinal protein supply. 

Such an approach is, however, unlikely to be successful in animals with 
concurrent abomasal and intestinal infections. Compensatory digestion and 
an increase in absorption of nutrients by the sma!l intestine will necessarily 
depend upon the integrity of this organ. Concurrent infections with O. oster- 
tagi and Cooperia oncophora in calves have indeed shown that production 
losses are more pronounced than would have been expected from the com- 
bined effects of monospecific infections alone. For example, Parkins et al. 
(1990) recorded an increase in establishment of Ostertagia in mixed infec- 
tions with Cooperia, an increase in the magnitude and duration of the pepsi- 
nogen response and an impairment in digestive efficiency of crude protein 
and in nitrogen retention, not normally affected in monospecific infections. 

E N E R G Y  M E T A B O L I S M  

One of the main factors limiting the availability of energy for growth and 
maintenance in parasitised animals is undoubtedly reduced feed intake 
(Holmes, 1987). Cattle are, nevertheless, able to compensate to a limited 
extent for this reduction in intake by mobilisation of adipose tissue. Fox et al. 
(1989b) demonstrated a marked rise in blood non-esterified fatty acid levels 
which would have been used as an additional source of energy during a period 
of reduced intake (DiMarco et al., 1981 ). Hormonal changes, such as an in- 
crease in the growth hormone:insulin ratio exhibited by both infected and 
pair-fed control groups, were probably responsible for the increase in lipolysis 
(Murray et al., 1990). 

Reductions in the efficiency of energy utilisation (Sykes and Coop, 1977; 
Randall and Gibbs, 1981; MacRae et al., 1982; Entrocasso et al., 1986b; Par- 
kins et al., 1990) and in energy retention, whether shown by carcass analysis 
(Sykes and Coop, 1976, 1977; Coop et al., 1982; Stevenson 1989) or calori- 
metric measurement (Randall and Gibbs, 1981; Stevenson, 1989 ), have been 
demonstrated in parasitised ruminants. Increases in liver and gastrointestinal 
protein synthesis, coupled with the cycling of large amounts of protein through 
the digestive tract and increases in methane production and urinary urea ex- 
cretion, are likely to account for most of these losses (Holmes, 1987; Steven- 
son, 1989). 

M I N E R A L  M E T A B O L I S M  

Marked changes in mineral metabolism have been associated with Oster- 
tagia infections, although the majority of studies have been conducted in 
sheep. Sykes and Coop ( 1977 ) demonstrated a 65% depression in the miner- 
alisation of bone in lambs exposed to a trickle infection with O. circumcincta 
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in comparison with pair-fed controls. Sykes et al. ( 1977 ) attributed this change 
to parasite-induced deficiencies in protein and energy rather than a reduction 
in uptake. This view was supported by Wilson and Field (1983 ) who found 
that rates of calcium and phosphorus absorption in parasitised lambs were 
not impaired. In contrast, intestinal parasitism has been shown to affect min- 
eral uptake and, in particular, that of phosphorus. Lambs infected with T. 
colubriformis exhibit impaired phosphorus absorption, increased losses of en- 
dogenous calcium and phosphorus, lower plasma phosphorus and, as a result, 
reduced bone formation (Sykes and Coop, 1976; Coop and Field, 1983; Wil- 
son and Field, 1983; Poppi et al., 1985; Bown et al., 1989). 

In cattle, there is very little evidence for impaired mineral metabolism as- 
sociated with abomasal parasitism. Waymack and Torbert (1969) recorded 
changes in blood phosphorus levels and a reduction in phosphorus retention 
in animals given a single infection with Ostertagia, while Fox et al. ( 1989b ) 
reported a hypocalcaemia in calves exposed to a trickle challenge. The latter 
was surprising in view of the marked changes in mineral metabolism that may 
accompany Ostertagia infection in sheep without any significant change in 
blood calcium (Sykes and Coop, 1977 ). The drop in calcium levels was prob- 
ably related to either the associated hypoalbuminaemia (as at least 40% of 
calcium is transported in the blood bound to albumin) (Swenson, 1984) or 
a reduction in calcium absorption in the upper intestine. Absorption is facil- 
itated by high intestinal protein levels and acidic conditions (Murray et al., 
1990), both of which are likely to be adversely affected by Ostertagia infection. 

The interaction between trace elements and abomasal parasitism has only 
recently been the subject of detailed investigation. MacPherson et al. ( 1987 ) 
demonstrated an impairment in functional immunity in calves on a cobalt- 
deficient diet given an experimental Ostertagia infection. These animals had 
higher faecal egg counts and shorter prepatent periods than calves on a cobalt- 
sufficient diet, but higher blood pepsinogen values. This, the authors postu- 
lated, was probably due to amplified immune reactions occurring at the gut 
wall. Bang et al. (1990a) demonstrated a marked reduction in uptake of cop- 
per by Ostertagia-infected sheep which they thought was probably caused by 
the parasite-induced elevation of abomasal pH interfering with copper solu- 
bilization. Bang et al. (1990b) also observed a marked reduction in the par- 
asite burdens of Haemonchus and Ostertagia-infected sheep given copper 
supplementation. While the anthelmintic properties of copper have long been 
recognised (Hall and Foster, 1918; Gordon, 1939 ), Poppi et al. ( 1990 ) urged 
caution in the interpretation of weight gain responses to copper treatment 
simply as alleviation of copper deficiency, particularly in areas where Hae- 
monchus and Ostertagia are significant species. 

BODY C O M P O S I T I O N  

Change in body weight is probably the most widely used criterion for judg- 
ing the effect of gastrointestinal parasitism on the host. However, such changes 
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do not take account of alterations in body composition which may be of con- 
siderable importance in determining carcass quality. Entrocasso et al. (1986a) 
and Bell et al. (1990) demonstrated that the carcasses of cattle exposed to 
natural mixed trichostrongyle infections had poorer killing-out percentages, 
reduced muscle and fat deposition and increased bone content, in compari- 
son with animals that had been protected by prophylactic anthelmintic treat- 
ment. Increases in water retention in Ostertagia-infected cattle have also been 
observed (Halliday et al., 1965; Entrocasso et al., 1986a; Taylor et al., 1989 ), 
despite increases in the amounts of water being excreted in both urine and 
faeces (Parkins et al., 1982). Such changes in water retention clearly dem- 
onstrate that tissue loss attributable to parasitic infections cannot be reliably 
determined from changes in body weight alone (Holmes, 1986 ). 

Some of the technical difficulties associated with body composition studies 
in ruminants, such as the need to restrict analysis to indicator joints or whole 
body homogenisation, have recently been overcome by the use of radioiso- 
topic dilution techniques. These enable sequential in vivo measurements of 
total body water and exchangeable sodium and potassium to be used as indi- 
cators of body composition changes in cattle exposed to parasitic infection at 
pasture. One such study employing these techniques demonstrated significant 
increases in total body water and exchangeable potassium, indicating an in- 
crease in body protein, in animals protected by prophylactic anthelmintic 
therapy (J.M. Maclean, K. Bairden, P.H. Holmes, W. Mulligan and P.N. 
McWilliam, unpublished data, 1992 ). 

C O N C L U S I O N S  

A considerable body of information now exists on the pathogenesis of in- 
fection with Ostertagia, although a number of important aspects still require 
further investigation. For example, the precise role of gastrin as a cause of 
inappetance in cases of abomasal parasitism requires clarification, as does the 
extent to which appetite is affected in immune adult cattle exposed to chal- 
lenge. Alternative explanations will have to be sought to explain the drop in 
feed intake associated with cases of intestinal parasitism in which blood gas- 
trin levels are not normally elevated (Titchen, 1982). Recent work with T. 
colubriformis in sheep suggests that central satiety signals are associated with 
inappetance rather than changes in peripheral peptide levels (Dynes et al., 
1990). Further work is also required to identify the factors that influence the 
partitioning of protein and energy between the different body compartments. 
Systemically activated mediators may well play a role in addition to the hor- 
monal changes that have been identified already. Clearly, the continued use 
of a multi-disciplinary approach to the study of the pathophysiology of Oster- 
tagia infection is required in view of the wide range of effects that the parasite 
has on the host (Parkins and Holmes, 1989 ). 



154 M.T. FOX 

REFERENCES 

Abbott, E.M., Parkins, J.J. and Holmes, P.H., 1986. The effect of dietary protein on the patho- 
physiology of acute ovine haemonchosis. Vet. Parasitol., 20: 275-289, 291-306. 

Abbott, E.M., Parkins, J.J. and Holmes, P.H., 1988. Influence of dietary protein on the patho- 
physiology of haemonchosis in lambs given a continuous infection. Res. Vet. Sci., 45:41-49. 

Anderson, N., Hansky, J. and Titchen, D.A., 1981. Effect of Ostertagia circumcincta infections 
on plasma gastrin in sheep. Parasitol., 82:401-410. 

Anderson, N., Reynolds, G.W. and Titchen, D.A.,1988. Changes in gastrointestinal mucosal 
mass and mucosal and serum gastrin in sheep experimentally infected with Ostertagia cir- 
cumcincta. Int. J. Parasitol., 18: 325-331. 

Andrews, J.S., 1939. Experimental trichostrongylosis in sheep and goats. J. Agric. Res., 58:761- 
770. 

Armour, J., Bairden, K., Duncan, J., Jennings, F.W. and Parkins, J.J., 1979. Observations on 
ostertagiasis in young cattle over two grazing seasons with special reference to plasma pep- 
sinogen levels. Vet. Rec., 105: 500-503. 

Baker, N.F., 1979. Economic impact and control of parasitism in dairy cattle. Bovine Pract., 
14: 42-49. 

Bang, K.S., Familton, A.S. and Sykes, A.R., 1990a. Effect of ostertagiasis on copper status in 
sheep. A study involving use of copper wire oxide particles. Res. Vet. Sci, 49:306-314. 

Bang, F.S., Familton, A.S. and Sykes, A.R., 1990b. Effect of copper oxide wire particle treat- 
ment on establishment of major gastro-intestinal nematodes in lambs. Res. Vet. Sci., 49:132- 
137. 

Bassett, J.M., Weston, R.H. and Hogan, J.P., 1971. Dietary regulation of plasma insulin and 
growth hormone concentrations in sheep. Austr. J. Biol. Sci., 24: 321-330. 

Bell, F.R., Titchen, D.A. and Watson, D.J., 1977. The effects of the gastrin analogue, pentagas- 
trin, on the gastric electromyogram and abomasal emptying in the calf. Res. Vet. Sci., 23:165- 
170. 

Bell, S.L., Thomas, R.J. and Ferber, M.T., 1988. Feed intake of grazing calves exposed to tri- 
chostrongyle infection and treated with the morantel sustained release bolus. Vet. Parasitol., 
28:125-135. 

Bell, S.L., Thomas, R.J. and Ferber, M.T., 1990. Appetite, digestive efficiency, feed utilization 
and carcass evaluation of housed calves naturally infected with gastrointestinal nematodes. 
Vet. Parasitol., 34: 323-333. 

Bissett, S.A., Marshall, E.D. and Morrison, L., 1987. Economics of a dry-cow anthelmintic 
drenching programme for dairy cows in New Zealand. Part 2. Influence of management fac- 
tors and other herd characteristics on the level of response. Vet. Parasitol., 26:119-129. 

Bliss, D.H. and Todd, A.C., 1973. Milk production by Wisconsin dairy cattle after deworming 
with Baymix. Vet. Med. Small Anim. Clin., 68:1034-1038. 

Bliss, D.H. and Todd, A.C., 1976. Milk production by Vermont dairy cattle after deworming. 
Vet. Med. Small Anim. Clin., 71: 1251-1254. 

Bliss, D.H., Jones, R.M. and Conder, D.R., 1982. Epidemiology and control of gastrointestinal 
parasitism in lactating grazing adult dairy cows using a morantel sustained release bolus. Vet. 
Rec., 110:141-144. 

Bown, M.D., Poppi, D.P. and Sykes, A.R., 1989. The effects of a concurrent infection of Tri- 
chostrongylus colubriformis and Ostertagia circumcincta on calcium, phosphorus and mag- 
nesium transactions along the digestive tract of lambs. J. Comp. Pathol., 101:11-20. 

Bueno, L., Dorchies. P. and Ruckebusch, Y., 1975. Analyse electromyographique des pertuba- 
tions motricees li6s aux strongyloses gastro-intestinales chez les ovins. C. R. Seances Soc. 
Biol. Paris, 169: 1627-1632. 

Bueno, L., Dakkak, A. and Fioramonti, J., 1982. Gastro-duodenal motor and transit distur- 



PATHOPHYSIOLOGY OF OSTERTAGIA INFECTION IN CATTLE 155  

bances associated with Haemonchus contortus infection in sheep. Parasitology, 84: 367-374. 
Campling, R.C. and Freer, M., 1966. Factors affecting the voluntary intake of food by cows. 8. 

Experiments with ground, pelleted roughages. Br. J. Nutr., 20: 229-244. 
Carr, D.J., McLeay, L.M. and Titchen, D.A., !970. Factors affecting reflex responses of the ru- 

minant stomach. In: A.T. Phillipson (Editor), Physiology and Metabolism in the Ruminant. 
Oriel Press, Newcastle upon Tyne, UK, pp. 35-41. 

Coop, R.L. and Field, A.C., 1983. Effect of phosphorus intake on growth rate, food intake and 
quality of the skeleton of growing lambs infected with the intestinal nematode Trichostron- 
gylus vitrinus. Res. Vet. Sci., 35:175-181. 

Coop, R.L., Sykes, A.R. and Angus, K.W., 1982. The effects of three levels of intake of Oster- 
tagia circumcincta larvae on growth rate, food intake and body composition of growing lambs. 
J. Agric. Sci., 98: 247-255. 

Crompton, D.W.T., 1984. Influence of parasitic infection on food intake. Fed. Proc., 43: 239- 
245. 

Dargie, J.D., 1980. The pathophysiological effects of gastrointestinal and liver parasites in sheep. 
In: Y. Ruckebusch and P. Thivend (Editors), Digestive Physiology and Metabolism in Ru- 
minants. MTP Press, Lancaster, UK, pp. 349-371. 

DiMarco, N.M., Beitz, D.C. and Whitehurst, G.B., 1981. Effect of fasting on free fatty acid, 
glycerol and cholesterol concentrations in blood plasma and lipoprotein lipase activity in 
adipose tissue of cattle. J. Anim. Sci., 52: 75-82. 

Dynes, R.A., Ankersmit, A.E.L., Poppi, D.P., Barrell, G.K. and Sykes, A.R., 1990. Studies on 
the physiological basis of appetite depression in nematode infection in sheep. Proc. N.Z. Soc. 
Anim. Prod., 50: 249-253. 

Eckersall, P.D., Macaskill, J., McKellar, Q. and Bryce, K.L., 1987. Multiple forms of bovine 
pepsinogen: isolation and identification in serum from calves with ostertagiasis. Res. Vet. 
Sci., 43: 279-283. 

Entrocasso, C.M., Parkins, J.J., Armour, J., Bairden, K. and McWilliam, P.N., 1986a. Produc- 
tion, parasitological and carcass evaluation studies in steers exposed to trichostrongyle infec- 
tion and treated with a morantel bolus or fenbendazole in two consecutive grazing seasons. 
Res. Vet. Sci., 40: 76-85. 

Entrocasso, C.M., Parkins, J.J., Armour, J., Bairden, K. and McWilliam, P.N.,1986b. Metabo- 
lism and growth studies in housed calves given a morantel sustained release bolus and ex- 
posed to natural trichostrongyle infection. Res. Vet. Sci., 40: 65-75. 

Fox, M.T., Gerrelli, D., Pitt, S.R., Jacobs, D.E., Hart, I.C. and Simmonds, A.D., 1987. Endo- 
crine effects of a single infection with Ostertagia ostertagi in the calf. Int. J. Parasitol., 17: 
1181-1185. 

Fox, M.T., Pitt, S.R., Gerrelli, D., Jacobs, D.E., Adhikari, D.R. and Goddard, P.J., 1988. Use 
of blood gastrin assay in the diagnosis of ovine haemonchosis. Vet. Rec., 122:136-137. 

Fox, M.T., Gerrelli, D., Pitt, S.R., Jacobs, D.E., Gill, M. and Gale, D.L., 1989a. Ostertagia 
ostertagi infection in the calf: effects of a trickle challenge on appetite, digestibility, rate of 
passage ofdigesta and liveweight gain. Res. Vet. Sci., 47: 294-298. 

Fox, M.T., Gerrelli, D., Pitt, S.R., Jacobs, D.E., Gill, M. and Simmonds, A.D., 1989b. Osterta- 
gia ostertagi infections in the calf: effects of a trickle challenge on the hormonal control of 
digestive and metabolic function. Res. Vet. Sci., 47: 299-304. 

Fox, M.T., Gerrelli, D., Shivalkar, S. and Jacobs, D.E., 1989c. Effect of omeprazole treatment 
on feed intake and blood gastrin and pepsinogen levels in the calf. Res. Vet. Sci., 46: 280- 
282. 

Fox, M.T. and Jacobs, D.E., 1984. Observations on the effect of levamisole treatment on the 
production of dairy cows in England. Anim. Prod., 38:15-22. 

Gibson, T.E., 1955. Studies on Trichostrongylus axei. IV. Factors in the causation of pathogenic 
effects by T. axei. J. Comp. Pathol., 65: 317-324. 



156 M.T. FOX 

Gordon, H.M., 1939. The efficiency of various concentrations of solutions of copper sulphate 
against Haemonchus contortus. Aust. Vet. J., 15:216-218. 

Gregory, P.C., 1985. Parasitic infection and stomach motility: relation to intestinal motility and 
food intake. In: L.A.A. Ooms, A.D. Degryse and R. Marsboom (Editors), Veterinary Re- 
search Communication, Vol. 1. The Ruminant Stomach. Janssen Research Foundation, 
Beerse, Belgium, pp.267-286. 

Grovum, W.L., 1981. Factors affecting the voluntary intake of food of sheep. 3. The effect of 
intravenous infusions of gastrin, cholecystokinin and secretin on motility of the reticulo- 
rumen and intake. Br. J. Nutr., 45: 183-201. 

Hall, M.C. and Foster, W.D., 1918. Efficacy of some anthelmintics. J. Agric. Sci., 12: 397-447. 
Halliday, G.J., Dalton, R.C., Anderson, N. and Mulligan, W., 1965. Total body water and total 

body solid in cattle affected with ostertagiasis. Br. Vet. J., 121:547-551. 
Holmes, P.H., 1985. Pathogenesis of trichostrongylosis. Vet. Parasitol., 18: 89-101. 
Holmes, P.H., 1986. Pathophysiology of nematode infections. In: M.J. Howell (Editor), Proc. 

of the 6th Int. Congress of Parasitology, 24-29 August 1986, Brisbane. Australian Academy 
of Science, Canberra, pp. 443-451. 

Holmes, P.H., 1987. Pathophysiology of parasitic infections. Parasitology, 94:$29-$51. 
Jacobs, D.E., Fox, M.T., Gowling, G., Foster, J., Pitt, S.R. and Gerrelli, D., 1987. Field evalu- 

ation of the oxfendazole pulse release bolus for the chemoprophylaxis of bovine parasitic 
gastroenteritis: a comparison with three other control strategies. J. Vet. Pharm. Therap., 10: 
30-36. 

Jeffcoate, I.A., Holmes, P.H., Fishwick, G., Boyd, J., Bairden, K. and Armour, J., 1988. Effects 
of trichostrongyle larval challenge on the reproductive performance of immune ewes. Res. 
Vet. Sci., 45: 234-239. 

Leng, R.A., 1981. Nutrition and Metabolism in Parasitised and Non-parasitised Ruminants. 
Isotopes and Radiation in Parasitology, Vol. 4. IAEA, Vienna, pp. 191-206. 

McBeath, D.G., Dean, S.P. and Preston, N.K., 1979. The effect ofa  preparturient fenbendazole 
treatment on lactation yield in dairy cows. Vet. Rec., 105: 507-509. 

McKellar, Q., Duncan, J.L., Armour, J. and McWilliam, P.N., 1986. Response to transplanted 
adult Ostertagia ostertagi in calves. Res. Vet. Sci., 40:367-371. 

McKellar, Q., Duncan, J.L., Armour, J., Lindsay, F.E.F. and McWilliam, P., 1987. Further studies 
on the response to transplanted Ostertagia ostertagi in calves. Res. Vet. Sci., 42: 29-34. 

McKellar, Q.A., Eckersall, P.D., Duncan, J.L. and Armour, J., 1988. Forms of bovine pepsino- 
gen in plasma from cattle with three different 'syndromes' of Ostertagia ostertagi infection. 
Res. Vet. Sci., 44: 29-32. 

McKellar, Q.A., Mostofa, M. and Eckersall, P.D., 1990. Ostertagia ostertagi secretions and 
abomasal acid production. In: Proc. of the 7th Int. Congress of Parasitology, Paris, 20-24 
August 1990. French Society of Parasitology, Paris, p. 831. 

Mackie, W.S. and Fell, B.F., 1971. The half-life of serum albumin in relation to liver hypertro- 
phy in the lactating ewe. Res. Vet. Sci., 12: 54-58. 

McLeay, L.M. and Titchen, D.A., 1970. Effects of pentagastrin on gastric motility and secretion 
in sheep. In: Proc. Aust. Physiol. Pharmacol. Soc., 1: 33-34. 

MacPherson, A., Gray, D., Mitchell, G.B.B. and Coop, R.L., 1987. Ostertagia infection and 
neutrophil function in cobalt-deficient and cobalt-supplemented cattle. Br. Vet. J., 143: 348- 
353. 

MacRae, J.C., Smith, J.S., Sharman, G.A.M., Corrigall, W. and Coop, R.L., 1982. Energy me- 
tabolism of lambs infected with Trichostrongylus colubriformis. In: A. Eken and F. Sundstol 
(Editors), Energy Metabolism of Farm Animals. European Association of Animal Produc- 
tion Publ. No. 29, The Agricultural University of Norway, Aas, pp. 112-115. 

Michel, J.F., Richards, M., Altman, J.F.B., Mulholland, J.R., Gould, C.M. and Armour, J., 1982. 



PATHOPHYSIOLOGY OF OSTERTAGIA INFECTION IN CATTLE 157 

Effect of anthelmintic treatment on the milk yield of dairy cows in England, Scotland and 
Wales. Vet. Rec., 111: 546-550. 

Mulligan, W., Dalton, R.G. and Anderson, N., 1963. Ostertagiasis in cattle. Vet. Rec., 75: 1014. 
Murray, M., Jennings, F.W. and Armour, J., 1970. Bovine ostertagiasis: structure, function and 

mode of differentiation of the bovine gastric mucosa and kinetics of the worm loss. Res. Vet. 
Sci., 11: 417-427. 

Murray, R.K., Granner, D.K., Mayes, P.A. and Rodwell, V.W., 1990. Harper's Biochemistry, 
22nd edn., Prentice Hall, East Norwalk, CT, 720 pp. 

Nichols, C.D., Lee, D.L., Adrian, T.E., Bloom, S.R. and Care, A.D., 1985. Endocrine effects of 
Haemonchus contortus infection in lambs. Reg. Pep. (Suppl.) 1: 85. 

Parkins, J.J., Bairden, K. and Armour, J., 1982. Ostertagia ostertagi in calves: growth, nitrogen 
balance and digestibility studies conducted during winter feeding following different fenben- 
dazole therapy programmes. Res. Vet. Sci., 32: 74-78. 

Parkins, J.J. and Holmes, P.H., 1989. Effect ofgastro-intestinal helminth parasites on ruminant 
nutrition. Nutr. Res. Rev., 2: 227-246. 

Parkins, J.J., Taylor, L.M., Holmes, P.H., Bairden, K., Salman, S.K. and Armour, J., 1990. 
Pathophysiological and parasitological studies on a concurrent infection of Ostertagia oster- 
lagi and Cooperia oncophora in calves. Res. Vet. Sci., 48: 201-208. 

Pitt, S.R., Fox, M.T., Gerrelli, D. and Jacobs, D.E., 1988. Blood gastrin and pepsinogen re- 
sponses to subclinical infection with Ostertagia ostertagi in adult dairy cattle. Res. Vet. Sci., 
45: 130-131. 

Ploeger, H.W., Schoenmaker, G.J.W., Kloosterman, A. and Borgsteede, F.H.M., 1989. Effect of 
anthelmintic treatment of dairy cattle on milk production related to some parameters esti- 
mating nematode infection. Vet. Parasitol., 34: 239-253. 

Poppi, D.P., 1986. Use of isotopic methods in nutrition × parasite interactions. In: Nuclear and 
Related Techniques in Animal Production and Health. IAEA, Vienna, pp. 393-407. 

Poppi, D.P., Sykes, A.R. and Dynes, R.A., 1990. The effect ofendoparasitism on host nutrition 
- -  the implications for nutrient manipulation. Proc. N.Z. Soc. Anim. Prod., 50: 237-243. 

Poppi, D.P., MacRae, J.C., Brewer, A., Dewey, P.J.S. and Walker, A., 1985. Calcium and phos- 
phorus absorption in lambs exposed to Trichostrongylus colubriformis. J. Comp. Pathol., 95: 
453-464. 

Prichard, R.K., Hennessy, D.R. and Griffiths, D.A., 1974. Endocrine responses of sheep to 
infection with Trichostrongylus colubriformis. Res. Vet. Sci., 17:182-187. 

Randall, R.W. and Gibbs, H.C., 1981. Effect of clinical and sub-clinical gastrointestinal helmin- 
thiasis on digestion and energy metabolism in calves. Am. J. Vet. Res., 42:1730-1734. 

Reynolds, G.W., Simpson, H.V., Carr, D.H. and McLeay, L.M., 1991. Gastrin: Its molecular 
forms and secretion in sheep. In: T. Tsuda, Y. Sasaki and R. Kawashima (Editors), Physio- 
logical Aspects of Digestion and Metabolism in Ruminants. Academic Press, New York, pp. 
63-87. 

Snider, T.G., Williams, J.C., Karns, P.A., Markovits, J.E. and Romaire, T.L., 1988. High con- 
centration of serum gastrin immunorcactivity and abomasal mucosal hyperplasia in calves 
infected with Ostertagia ostertagi and/or  Trichostrongylus axei. Am. J. Vet. Res., 49:2101- 
2104. 

Steel, J.W. and Symons, L.E.A., 1982. Nitrogen metabolism in nematodosis of sheep in relation 
to productivity. In: L.E.A. Symons, A.D. Donald and J.K. Dineen (Editors), Biology and 
Control of Endoparasites, Proceedings of the McMaster Animal Health Laboratory 50th An- 
niversary Symposium in Parasitology, 5-6 November 1981, Sydney. Academic Press, New 
York, pp. 235-256. 

Stevenson, A.G., 1989. Some effects of trichostrongylidosis on metabolism and production of 
sheep. Ph.D. Thesis, University of Glasgow, pp. 132-147. 



158 M.T. FOX 

Stringfellow, F. and Madden, P.A., 1979. Effects ofOstertagia ostertagi on pepsinogen granules 
of chief cells from the abomasal mucosa correlated with selected plasma and abomasal pro- 
teins. Proc. Helminthol. Soc. Wash., 46: 223-239. 

Swenson, M.J., 1984. Duke's Physiology of Domestic Animals, 10th edn. Cornell University 
Press, Ithaca, NY, p. 450. 

Sykes, A.R., 1982. Nutritional and physiological aspects of helminthiasis in sheep. In: L.E.A. 
Symons, A.D. Donald and J.K. Dineen (Editors), Biology and Control of Endoparasites, 
Proceedings of the McMaster Animal Health Laboratory 50th Anniversary Symposium in 
Parasitology, 5-6 November 1981, Sydney. Academic Press, New York, pp. 217-230. 

Sykes, A.R. and Coop, R.L., 1976. Intake and utilisation of food by growing lambs with parasite 
damage in the small intestine caused by daily dosing with Trichostrongylus colubr(formis 
larvae. J. Agric. Sci., 86:507-515. 

Sykes, A.R. and Coop, R.L., 1977. Intake and utilisation of food by growing sheep with abom- 
asal damage caused by daily dosing with Ostertagia circumcincta larvae. J. Agric. Sci., 88: 
671-677. 

Sykes, A.R., Coop, R.L. and Angus, K.W., 1977. The influence of chronic Ostertagia circum- 
cincta infection on the skeleton of growing sheep. J. Comp. Pathol., 87: 521-529. 

Symons, L.E.A., 1985. Anorexia: occurrence, pathophysiology and possible causes in parasitic 
infections. Adv. Parasitol., 24:103-133. 

Symons, L.E.A. and Jones, W.O., 1983. Intestinal protein synthesis in guinea pigs infected with 
Trichostrongylus colubriformis. Int. J. Parasitol., 13:309-312. 

Taylor, L.M., Parkins, J.J., Armour, J., Holmes, P.H., Bairden, K., Ibarra-Silva, A.M., Salman, 
S.K. and McWilliam, P.N., 1989. Pathophysiological and parasitological studies on Oster- 
tagia ostertagi infections in calves. Res. Vet. Sci., 46:218-225. 

Titchen, D.A., 1982. The role of hormones in the reaction of the host to enteric parasites. In: 
D.F. Mettrick and S.S. Dresser (Editors), Parasites - -  Their World and Ours. Elsevier, Am- 
sterdam, pp. 245-247. 

Vernon, R.G. and Peaker, M., 1983. The regulation of nutrient utilization: basic principles and 
mechanisms. In: J.A.F. Rook and P.C. Thomas (Editors), Nutritional Physiology of Farm 
Animals. Longman, New York, pp. 41-95. 

Waymack, L.B. and Torbert, B.J., 1969. Effect of Ostertagia species on phosphorus utilization 
and excretion in weanling calves. Am. J. Vet. Res., 30:1139-1144. 

Wilson, W.D. and Field, A.C., 1983. Absorption and secretion of calcium and phosphorus in 
the alimentary tract of lambs infected with Trichostrongylus colubriformis and Ostertagia 
circumcincta larvae. J. Comp. Pathol., 93:61-71. 


