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2. SPECIES IDENTIFICATION

2.1 MORPHOLOGY

Trichostrongylus colubriformis and T vitrinus, as mentioned

previously, are very similar morphologically. Adult females, larval stages

and eggs cannot reliably be distinguished from each other on morphological

characteristics. While there have been attempts to distinguish between

strongylid eggs (Georgi & McCulloch, 1989) the dimensions of T

colubriformis and T vitrinus eggs overlap. Third stage larvae can be reliably

used to differentiate between the common genera of sheep gastrointestinal

nematodes (eg: Trichostrongylus, Teladorsagia and Haemonchus), however,

distinguishing between species from within the first two genera has proved

unreliable. Again, there is a large overlap in the size of adult worms within

the genus Trichostrongylus.

Within the genus Trichostrongylus adult males can be distinguished

from each other by means of differences in the spicule size and shape (Figure

2.1). The spicules of T colubriformis are 0.135-0.156 mm long (Lapage,

1962) and have a barbed end. Those of T vitrinus are 0.16-0.17 mm long

(Lapage, 1962) and are smooth, without a barbed end..

The species can be distinguished easily by this means but sheep must

be slaughtered and the adult males collected for examination under a

compound light microscope. This is not always practical, especially if

diagnosis of an animal is required and the animal cannot be killed or if larvae

or eggs are being examined; in these cases it is necessary to have another
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Figure 2.1: Spicule shapes of Trichostrongylus colubriformis (above)

and T. vitrinus.
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means of distinguishing between the two species. The adult females, all

larval stages and eggs are morphologically indistinguishable from each other.

Any technique used for the identification of large numbers of

individual worms must be relatively fast and inexpensive, ruling out

measurements using electronmicroscopy.

2.2 STAINING TECHNIQUES

Simple staining techniques have not yielded a means of distinguishing

between T colubriformis and T. vitrinus eggs or larvae. More complex

methods have also been examined, such as lectin-binding. Lectins are

glycoproteins that bind to saccharides (Palmer & McCombe, 1996), residues

of which are found on the surfaces of nematode eggs (Bird & Bird, 1991) and

on the sheath of infective larvae (Paulson, Jacobson & Cupp, 1988; Kumar &

Pritchard, 1992). Differences in lectin-binding to these saccharides could be

a means of distinguishing between nematode species. This technique is

based on the presumption that different nematode species will have different

surface carbohydrates and, therefore, different lectin-binding properties.

Lectin-binding assays have been experimentally used for identifying

developmental stages of filarial nematodes (Taylor, Goddard & McMahon,

1986; Paulson et al., 1988; Rao, Chandrashekar & Subrahmanyam, 1988)

where surface carbohydrates change during the developmental process.

Kumar and Pritchard (1992) have published preliminary results using

lectin-binding to distinguish between ensheathed L3 of three species of

hookworm in humans. Their results showed it was possible to distinguish
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between three species from two genera, on the basis of differences in the L3

sheath surface composition.

More recent work carried out on gastrointestinal nematodes of

ruminants has described the specific staining of H. contortus eggs, in mixture

of Haemonchus, Ostertagia and Trichostrongylus eggs, with fluorescently

labelled peanut agglutinin (Palmer & McCombe, 1996). In this paper the

authors suggest that, after screening more lectins, eggs from all common

sheep gastrointestinal nematodes could be easily distinguished from one

another.

Flow cytometry is another experimental technique being examined for

the possibility of species identification. Kerboeuf, Aycardi & Soubieux

(1996) have described a method by which nematode eggs were subjected to

multiparametric flow cytometry analyses. Using light-scatter emissions and

native green fluorescence H. contortus eggs could to be separated into

subpopulations on the basis of a number of traits, including BZ-resistance

status. It would appear that if individuals within one species can be separated

on various characteristics then different species should be able to be

separated, depending on the criteria used.

At the time of the work in this thesis there was no known staining

technique that could be used for species identification.

2.3 MOLECULAR TECHNIQUES

Despite the relatedness of T. colubriformis and T vitrinus there should

still be regions of DNA, either genomic, mitochondrial or ribosomal, that
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show characteristic differences. Johnston (1992) has shown restriction site

differences in the sequence of the tubulin gene Tc13-2/Tv13-2 that could be

used as a means of species identification. The test would involve

amplification of the specific region of the gene by the polymerase chain

reaction (PCR) followed by restriction digests of the PCR products. Mascord

(1995) developed an assay for BZ-resistance in gastrointestinal nematodes,

first developed for T colubriformis, using part of the tubulin gene TcP-1, so

it was decided to try to combine a BZ-resistance assay with species

identification in one test.

The sequence for the specified region of Tc13-1 in T colubriformis has

been published (Mascord, 1995), so it was only necessary to determine the

sequence for the same region in Tv[3-1 from T. vitrinus. Clones had been

isolated (TA Cloning Kit, Invitrogen) that contained most of the region

sequenced from T colubriformis and that should have contained the two sites

necessary for the BZ-resistance assay (LeJambre, unpubl.). During the

course of this thesis, these clones were manually sequenced from both ends

(Sequenase Version 2.0 DNA sequencing kit, USB), but as they were large

(around 900 bp) sequence was not obtained for the entire clone, and was not

in both directions. The specific regions relevant to the BZ-resistance assay

were sequenced, in one direction, as was most of the rest of the region

previously sequenced from T. colubriformis.

Continuing from this work, an attempt was made to sequence further

clones generated directly from PCR products (pCR-Script Amp SK(+)

Cloning Kit, Stratagene). The products were amplified, using the primers

used in the BZ-resistance assay (LM7 & 15), from three strains (one field and

two laboratory populations) of T vitrinus. White colonies (indicating that
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the PCR product insert was sucessfully taken up by the bacterial plasmid

used in the cloning technique) were generated on many occasions but no

insert could be isolated from the colonies, so sequencing of these products

was not commenced.

The BZ-resistance assay depends on a change of only two bases in the

sequence (Mascord, 1995). The Tv13-1 sequenced showed the same bases at

these two sites as would indicate susceptibility to 13Z. This was expected

since the field strain used to generate the initial clones was BZ-susceptible.

BZ-resistant T vitrinus were sought throughout the duration of this study, yet

none were identified. Whenever BZ-resistant Trichostrongylus spp. were

isolated and thought to be T vitrinus they were subsequently identified as T

colubriformis. Samples were sent from Victoria and South Australia (J.

Larsen and N. Anderson) where T. vitrinus is the dominant Trichostrongylus

species, yet all strains showing BZ-resistance were T colubriformis. There

have been recorded cases of BZ-resistance in the literature. Beveridge et al.

(1990) recorded BZ-resistance in T vitrinus from three farms in South

Australia during an anthelmintic resistance survey. The difficulties in

isolating clones for sequencing and the lack of a BZ-resistant strain of T

vitrinus prevented the BZ-resistance assay/species identification technique

from being completed.

During the development of the species identification technique

described above, other molecular techniques from the literature were

examined. Bandi, La Rosa, Comincini, Damiani & Pozio (1993) used

random amplified polymorphic DNA (RAPD) to successfully distinguish

between Trichinella spiralis and Trichinella britovi. Their view was that it

was much easier to use in vitro RAPDs than any type of PCR assay in genera
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where there was little or no sequence data available. RAPD technology was

again the focus when Humbert & Cabaret (1995) produced RAPDs, using

five 10-mer primers, that could distinguish between eight species of ruminant

trichostrongylid nematodes, including T colubriformis and T. vitrinus.

Zarlenga, Stringfellow, Nobary & Lichtenfels (1994) were able to

distinguish between two species of Haemonchus. H contortus and H. placei

were differentiated by amplification, using a single primer pair, across the

external transcribed spacer within the ribosomal DNA (rDNA) repeating

units. These workers also examined this region in a third species, H. similis,

and came to the conclusion that the rDNA sequences were highly conserved

and that perhaps mitochondrial DNA (mtDNA) might be better for species

differentiation.

Working on gastrointestinal parasites infecting cattle, Christensen,

Zarlenga & Gasbarre (1994) produced genus-specific clones that could

distinguish between Ostertagia, Haemonchus, Cooperia and

Oesophagostomum. They suggested that the clones used as probes could

identify as few as 25 eggs in faeces and could be useful as a method of

infection identification in living animals.

After review of the literature and discussions with other workers a

technique was decided on for species identification. The development of this

technique is described by Gasser, Chilton, Hoste & Beveridge (1993), Hoste,

Gasser, Chilton, Mallet & Beveridge (1993), Gasser, Chilton, Hoste &

Stevenson (1994), Stevenson, Chilton & Gasser (1995) and Hoste, Chilton,

Gasser & Beveridge (1995). The technique involves the PCR amplification of

the second internal transcribed spacer (ITS-2) rDNA. The technique for the

PCR	 was	 described	 by	 Gasser	 et	 al.	 (1993).



Figure 2.2: Pattern of bands on an electrophoresis gel showing the
differences between Trichostrongylus colubriformis (lanes 1-3), T vitrinus
(lanes 4-6) and Teladorsagia circumcincta (lanes 7-9). The DNA marker
(lane 10) is pUC 19 digested with HpaII. The first lane for each species
showsDNA from a single adult male nematode, amplified using primers
specific to the second internal transcribed spacer (ITS-2). The second and
third lanes for each species show the amplified DNA cut with restriction
enzymes Dra-1 and Hinf-1, respectively.
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Individual adults, larvae or eggs were prepared for PCR by repeated

freeze/boil cycles (in a lysis buffer containing 20 mM Tris pH 8.5. 50 mM

KC1, 0.1% Tween 20, BDH) and overnight incubation in a Proteinase K

solution (500 .1.g/m1).

The PCR products then underwent digestion by a number of

endonucleases before the species was determined by the banding pattern seen

on an electrophoresis gel (Gasser et al., 1994). To distinguish between the

species T. colubriformis, T. vitrinus and Tel. circumcincta the restriction

enzymes Dral and Hinfl were used. The PCR products and restriction

digests were visualised on a high resolution agarose gel (NuSieve 3:1, FMC

BioProducts) stained with ethidium bromide and viewed under ultra violet

transillumination (Figure 2.2).

Before this technique was used for species identification in further

experiments, 100 adult male T colubriformis, 100 adult male T vitrinis and

50 adult male Tel. circumcincta were used to evaluate the effectiveness of the

assay in the hands of the author. All 250 indivdual nematodes were

sucessfully identified as the appropriate species.
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3. ANTHELMINTIC TREATMENT

3.1 INTRODUCTION

T colubriformis and T vitrinus are known to occur together on pasture

and in the same sheep (Beveridge et al, 1989) but the species ratio is known

to vary between regions (Anderson, 1972; Southcott et al, 1976), between

seasons (Waller et al, 1981) and has been anecdotally observed to vary

between properties in the same region and even between paddocks on the

same property. It would be expected that these two related species would

have similar frequencies of anthelmintic resistance alleles in their unselected

populations. Consequently, shared anthelmintic treatment regimes, as would

be encountered by species occurring on the same property or perhaps even

the same region, should result in similar levels and types of anthelmintic

resistance in the two species. To test this hypothesis two experiments were

carried out to determine the effect of anthelmintics on the species

composition of Trichostrongylus infection in Merino sheep. Parasite

populations from Kybybolite, S.A., a winter rainfall region, and Armidale,

N.S.W., a summer rainfall region, were used.

3.2 MATERIALS AND METHODS

3.2.1 Experiment One

(Experiment One was designed and executed by N. Anderson and M.

Pope, CSIRO Division of Animal Health, Parkville, Victoria. The pooled

worm count data was supplied to the current author for analysis.).

Experiment One was carried out at the CSIRO Division of Animal Health at

Parkville, Victoria, using strains of Trichostrongylus colubriformis and T.
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vitrinus isolated from Kybybolite, SA. A mixture of larvae, 25000

Kybybolite OCAPFEB strain (T colubriformis) and 25000 Kybybolite

ICAPNOV strain (T vitrinus), was prepared and used to infect 12 Merino

sheep.

Both OCAPFEB and ICAPNOV strains started with the benzimidazole

(BZ)-susceptible T colubriformis strain, KST81 (Martin et al, 1988) and the

benzimidazole (BZ)-resistant T colubriformis strain KRT81+ which was

KST81 selected for BZ-resistance for three generations. Larvae from the

KRT and KST were mixed in equal proportions and then used to infect sheep

that were allowed to graze worm free paddocks at Kybybolite. Following

contamination, the paddocks were allocated at random to an anthelmintic

treatment regime. The OCAPFEB strain was selected for four years by

treatment with a 100 day release oxfendazole capsule given in February each

year. The ICAPNOV strain was selected for the same period with a 100 day

release ivermectin (IVM) capsule given in November each year. After four

years of ivermectin selection the T colubriformis had been completely

replaced by T vitrinus (Johnston, 1992). No parasites succeeded in

establishing in the IVM capsule treated animals during the period of

anthelmintic release and there was no evidence that IVM-resistance had

developed. The ICAPNOV strain was isolated from tracer sheep grazing the

paddocks (N Anderson, personal communication).

The sheep that were infected with the two strains were randomly

placed into treatment groups: CONTROL, ABZ, LEV, ABZ+LEV, three

sheep in each, and housed in pens for the duration of the experiment. At day

28 after infection the sheep were treated with two-thirds the recommended

dose rate (RDR) of the appropriate anthelmintic. A two-thirds RDR was

used to allow some nematodes to survive the treatment if they would not

normally survive the RDR. Dose rates were; no treatment for the CONTROL
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group, 2.5 mg/kg albendazole (Valbazen, SmithKline) for the ABZ group,

5.3 mg/kg levamisole (Ripercol, Cooper's) for the LEV group and 4.6 mg/kg

albendazole and 3.0 mg/kg levamisole for the ABZ+LEV group. Seven days

after anthelmintic treatment, sheep were slaughtered for worm counts and

recovery of male Trichostrongylus spp. for identification purposes. Every

adult male worm recovered was identified to species by spicule morphology

(Lapage, 1962).

3.2.2 Experiment Two

A second experiment was carried out on "Chiswick", the CSIRO

Pastoral Research Laboratory near Armidale, NSW to test whether the two

species had similar anthelmintic resistance in a different geographic region.

In this experiment sheep grazing the paddock used as the source of infection

had only received "salvage" anthelmintic treatment during the previous three

years. The paddock was known to harbour both T colubriformis and T.

vitrinus. A mob of yearling Merino sheep had been run on this paddock

since their birth. Faecal egg counts were carried out for each sheep in the

mob and the twenty-eight animals with the highest counts were selected for

the experiment.

The 28 sheep selected were randomly placed in four treatment groups;

CONTROL, no treatment, IVM, 0.025 mg/kg (1/8 RDR) ivermectin (Ivomec,

MSD AGVET), BZ, 3.8 mg/kg (RDR) albendazole (Valbazen, SmithKline)

and LEV, 8.0 mg/kg (RDR) levamisole (Levamisole, NuFarm), 7 animals per

group. One-eighth RDR of ivermectin was used to allow survival of some

nematodes for analysis, it was assumed the RDR would kill 99% of all the

nematodes present. Each animal was weighed and given the correct dosage

by intraruminal injection. After treatment, the sheep were released to graze

freely on the same pasture for one week. The following week sheep were
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slaughtered and the first 10 metres of the small intestine collected for

recovery of the contents as described by vanHoutert et al (1995), however, a

small intestine digest was not conducted. Worm counts were carried out for

each sheep in each treatment group. The first 100 male Trichostrongylus sp.

from each sample were removed for identification to species by spicule

morphology (Lapage, 1962). Where fewer than 100 males were present, all

males in the sample were identified.

3.3 Results

3.3.1 Experiment One

In the Kybybolite isolates, the majority of male Trichostrongylus sp.

surviving BZ treatment were T colubriformis with most of the T vitrinus

males being removed by ABZ treatment (Table 3.1). This suggests that BZ-

resistance was present in T colubriformis at a higher level than in T vitrinus.

The majority of male Trichostrongylus sp. found in the LEV treatment group

were T vitrinus (Table 3.1). This suggests that LEV-resistance was present

in T vitrinus at a higher level then in T colubriformis.

Since only pooled data were available in Experiment One a Chi-square

analysis was carried out on the species proportion data (Table 3.1) with a

Monte Carlo procedure (Zaykin and Pudovkin, 1993) used on the result to

account for small cell counts. The analysis indicated a significant difference

(P<0.005) in species proportions in all four treatments. The proportion of T.

vitrinus in the control treatment group was 37%, this was reduced to 2% in

the ABZ treatment group, increased to 94% in the LEV treatment group and

25% in the ABZ+LEV treatment group.



-52-

Table 3.1: Total numbers of male Trichostrongylus sp. and percentage of
male Trichostrongylus colubriformis found in sheep from each of the four
treatment groups from Experiment One at Kybybolite, S.A. (mean of three
sheep).

Treatment No. male

Trichostrongylus sp.

Total no.

Trichostrongylus sp.

% males found to be

T. colubriformis

Control 8160 15973 63

ABZ(albendazole) 2277 4711 98

LEV(levamisole) 73 193 6

ABZ+LEV 33 127 75

3.2.2 Experiment Two

In Experiment Two, the data were log transformed to stabilise the

variance and a one-way analysis of variance (Neter, Wasserman & Kutner,

1990) was carried out on the male worm count data (Table 3.2). The

analyses showed highly significant differences (P<0.001) between the

treatment groups. An A posteriori Dunnett test (Steel & Torrie, 1980) was

conducted to compare the BZ, LEV and IVM treatment groups with the

CONTROL group. Results of the analysis showed male worm burden in the

BZ and LEV treatments to differ significantly from that in the CONTROL

treatment, but that the IVM treatment had no significant effect.

A Chi-square analysis (Elliot, 1979) was used to determine whether

any significant differences existed in the parasite species proportions

between the individual sheep in the CONTROL group in Experiment Two

(Table 3.2). The result of the analysis (P<0.05) indicates differences in the

proportion of T. colubriformis and T vitrinus between individual sheep in the

CONTROL group of Experiment Two.
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The change in species composition following BZ treatment su ggests

that the majority of T. colubriformis individuals present on the pasture were

resistant to BZ while the T. vitrinus individuals were BZ-sensitive. The

reduction in total Trichostrongylus numbers from the CONTROL group to

the BZ treatment group can be attributed to the removal of all the T. vitrinus

individuals and a few remaining BZ-sensitive T colubriformis individuals.

A significant change in species composition was also noted after treatment

with LEV. It appears that while the majority of LEV-resistant individuals

were T. colubriformis some resistant T vitrinus were present. The small

number of Trichostrongylus sp. recovered from the sheep in the LEV

treatment group indicates that while LEV resistance exists in

Trichostrongylus sp. on this pasture, it does so at a very low level.

The 1/8 RDR of ivermectin used in the IVM treatment of the Chiswick

strains of Trichostrongylus sp. did not significantly reduce the worm burdens

and made no significant difference in species proportion between the two

treatments.

Table 3.2: Total numbers of Trichostrongylus sp. and percentage of male
Trichostrongylus colubriformis found in sheep from each of the four
treatment groups from Experiment Two at Armidale, N.S.W. (mean of seven
sheep).

Treatment No. male

Trichostrongylus sp.

Total no.

Trichostrongylus sp.

`)/0 males found to be

T. colubriformis

Control 3100 8210 36.3

ABZ(albendazole) 950 2160 100

LEV(levamisole) 140 260 93.9

IVM(ivermectin) 2430 6180 47.6
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3.4 DISCUSSION

The proportion of each species present in the ABZ+LEV treatment was

not significantly different from the CONTROL group (Table 3.1). An

explanation for this may be that since the T colubriformis strain used for the

infection was resistant to BZ and sensitive to LEV while the T vitrinus was

sensitive to BZ and resistant to LEV, a combination of the two anthelmintics

would kill an approximately equal number of each species, leaving the

proportions the same. It was not unexpected that the Kybybolite T

colubriformis were BZ-resistant as they originated from a population of 50%

BZ-resistant individuals seeded onto pasture and subjected to intense BZ

selection for a further four years.

Trichostrongylus colubriformis and T vitrinus appear not to always

develop resistances to the same anthelmintics, even after similar anthelmintic

treatment regimes as they experienced at Chiswick. Thus, it appears that the

background level of resistance alleles is not the same in the two species.

Proportions of the two species may vary widely between regions and part of

this variation may depend on anthelmintic treatment and the development of

drug resistances in the different species. These observations show that it may

be important to know which species predominates in a given area to aid in

parasite control programmes.

The Chi-square test carried out on species proportion data from

individual sheep indicates that sheep in the same paddock, presumably

exposed to the same potential parasite infection, can pick up very different

infections. Two possible causes for this between sheep variation have been

considered.



-55-

The first cause may be the genetic variation in resistance between the

sheep. The sheep in Experiment Two were treated similarly from birth and

were subjected to natural pasture infection on Chiswick before experimental

use. These sheep came from the Chiswick breeding flock and would be

expected to have a high level of within flock variation in resistance to

parasite infection as has been found within other outbred flocks (Eady,

Woolaston, Mortimer, Raadsma & Ponzoni, 1996). Although research

suggests that a flock selected for resistance to one genus of nematode parasite

will show side-resistance to other genera (Windon, 1990; Woolaston, 1992),

these studies did not investigate this within genera. Le Jambre (1983) has

shown that host resistance can influence the proportions of Haemonchus

placei and H. contortus that can establish in sheep. In the genus

Haemonchus, H. placei is usually excluded from establishing in normal

yearling sheep given equal proportions of H contortus and H. placei larvae,

while equal proportions establish in immunosuppressed animals.

The second cause could be the microclimate of the pasture. It is

known that the free-living stages of T colubriformis and T. vitrinus have

different temperature and humidity preferences (Beveridge et al., 1989).

These species have also been observed to have peaks of infective larvae on

pasture at slightly different times of the year (although larvae of both species

are available to the host over most of the year) corresponding with their

differing climate preferences (Waller, Donald & Dobson, 1981). Such

ecological preferences may affect where, in any given paddock, a

concentration of one species may occur. The implications of between sheep

variation in species proportions is that some sheep in the mob may have a

LEV-resistant T. vitrinus	 infection, some have a BZ-resistant T
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colubriformis infection and others a combination of the two. These sheep

would not respond to a single anthelmintic treatment in the same way.
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4. PROTEIN SUPPLEMENTATION AND ANTHELMINTIC

TREATMENT

4.1 INTRODUCTION

Feed availability or, more specifically, protein availability may be a

factor affecting species proportion in a mixed T colubriformisIT. vitrinus

infection. In the field, dietary protein can vary significantly, especially in

tropical conditions (Abbott et al., 1985a) or in times of low food

availability such as drought. With this in mind the effect of dietary protein

on parasite establishment and the severity of parasitic disease may be of

considerable importance in parasite control strategies.

While dietary protein has been shown to affect nematode

establishment in some breeds of sheep (Abbott et al., 1985b) and to reduce

the effects of parasitism on the host (Abbott et al., 1985a; van Houtert,

Barger, Steel, Windon & Emery, 1984), little is known about whether

dietary protein may affect nematode species differently. Abbot et al.

(1985a) have shown no effect of protein on establishment of Fasciola

hepatica or Oesophagostomum columbianum while the effect on

establishment of H. contortus could not be fully determined and seemed

dependent on sheep breed. Perhaps this is an indication of host nutrition

affecting parasite species differently.

An experiment was carried out to determine whether three levels of

dietary protein supplementation, alone and in combination with three

different anthelmintic treatment regimes, would affect species ratios in

Merino weaner wethers infected with Trichostrongylus spp.
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4.2 MATERIALS AND METHODS

This experiment was carried out in conjunction with another

experiment (van Houtert, Barger & Steel, 1995) at the CSIRO Pastoral

Research Laboratory, Armidale, NSW. The experiment had nine treatment

groups: SUO DRO, SUO DR1, SUO DR2, SU1 DRO, SU1 DR1, SU1 DR2,

SU2 DRO, SU2 DR1 and SU2 DR2 set out in a three by three factorial

design. The supplement treatment groups, SUO, SU1 and SU2, were; no

protein supplement, 200 g/animal/day 75% sunflower meal supplement

and 200 g/animal/day 75% formaldehyde treated sunflower meal

(protected protein), respectively. The anthelmintic treatments, DRO, DR1

and DR2, were; no drench, a regional strategic anthelmintic programme

using a broad spectrum anthelmintic (IVM) and closantel (Wormkill;

Davidson, 1985) and controlled-release capsule (CRC) releasing 20 mg

albendazole per day for 90 days (Captec Extender Junior; Nufarm Animal

Health), respectively. There were three replicates of each treatment group

with six sheep in each replicate. The sheep used were fine wool Merino

wether weaners, 4 months of age at commencement of the experimental

treatment regime, that had been made worm-free by oral treatments with

ivermectin (approx. 0.25 mg/kg; Ivomec, MSD AGVET) and closantel

(approx. 10 mg/kg; Seponver, SmithKline).

Two sheep from each replicate were killed 16 weeks after the

experiment began and the contents and washings of the first 10 metres of

the small intestines collected and preserved in formalin. One hundred

adult male Trichostrongylus spp. (or the total if 100 were not present) were

identified to species by spicule morphology (Lapage, 1962).
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4.3 RESULTS

Table 4.1: Mean proportions of Trichostrongylus colubriformis and T
vitrinus males identified from Merino wether weaners from different
protein supplementation and anthelmintic treatment groups. [SUO = no
protein supplement; SU1 = 200 g/animal/day 75% sunflower meal; Sul =
200 g/animal/day 75% formaldehyde treated sunflower meal; DRO = no
drench; DR1 = a regional strategic anthelmintic programme using a broad
spectrum anthelmintic (IVM) and closantel (Wormkill; Davidson, 1985);
DR2 = controlled-release capsule (CRC) releasing 20 mg albendazole per
day for 90 days (Captec Extender Junior; Nufarm Animal Health)].

Treatment Mean %
T. colubriformis

Mean %
T. vitrinus

I	 Mean %
Other

SUO DRO 79.7 20.3 0

SUO DR1 90.6 9.4 0

SUO DR2 93.4 0 6.6

SU1 DRO 73.3 26.7 0

SU1 DR1 83.5 16.5 0

SU1 DR2 92.3 1.8 5.8

SU2 DRO 79.5 20.5 0

SU2 DR1 84.5 15.5 0

SU2 DR2 95.0 2.0 3.0

The "other" category were a group of males that were unable to be

positively identified to species. They seemed to have spicule mutations

(Figure 4.1), including shortened spicules, fused spicules and only one,

misshapen spicule. Some individuals, having one normal and one

deformed spicule, appeared to have the T colubriformis spicule shape but

were not counted as T colubriformis.

The species proportion data (excluding the "other" category) were

analysed by arcsine square root transformation before a two-way analysis
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Figure 4.1: Variations in spicule shape seen in Trichostrongylus sp.
recovered from Merino wether weaners treated with controlled-release
capsules releasing 20 mg albendazole per day for 90 days (Captec
Extender Junior; Nufarm Animal Health).
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of variance was conducted. Anthelmintic treatment was found to have a

highly significant effect on species proportion (P<0.001) with both the

BZ capsule and Wormkill (using IVM) reducing the proportion of T.

vitrinus. Protein supplementation did not significantly affect species

proportion (P>0.10).

A post hoc power analysis (Zar, 1984) was carried out to determine

the likelihood of a Type 2 error being committed (accepting a null

hypothesis that should have been rejected). The result of this was that the

power of the two-way Analysis of Variance was <20%, suggesting that

protein supplementation may have an effect on species proportion. The

species proportion data (Table 4.1), show that no T. vitrinus occurred

when a BZ treatment was used without a supplement, which correlates

with previous work on "Chiswick" (Chapter 3), but when sheep were

supplemented some T vitrinus were found.

4.4 DISCUSSION

The results show that anthelmintic treatment (either BZ capsule or

Wormkill, using IVM), alone or in combination with either protein

supplement, affected species composition by reducing the proportion of

T vitrinus in the infection. This result confirms the result from Chapter

3, that T vitrinus on "Chiswick" show no resistance to BZ. While the

IVM treatment from Chapter 3 had no effect on species proportion, it was

only 1/8 RDR and gives no real information on the IVM-resistance status

of either T. colubriformis or T vitrinus. The result seen in this

experiment does suggest that the T.vitrinus population was more

susceptible to IVM than the T. colubriformis population.
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Protein supplementation, either protected or not, did not affect

proportions of T colubriformis and T vitrinus in the absence of

anthelmintic treatment but did increase the percentage of T vitrinus,

present when sheep were subjected to IVM (Wormkill) or long-term BZ

treatment. While this increase in T vitrinus was not statistically

significant (although the post study power analysis suggests that it could

be) it is biologically significant that any T vitrinus from a "Chiswick"

population survived BZ treatment, particularly an extended action

treatment for the duration of the infection.

Effects of BZ CRCs have been studied by a number of workers and

are commercially available in Australia. This method of administering

anthelmintics has been found to be an effective means of control for

gastrointestinal nematodes in sheep. Barton, Rodden & Steel (1990)

found treatment with BZ CRC to result in lower FEC and greater weight

gains in hoggets. Bell & Thomas (1992) showed that BZ CRC treatment

eliminated worm burdens and prevented reinfection in lambs for up to

three months following treatment.

LeJambre, Prichard, Hennessy & Laby (1981) and Barger, Steel &

Rodden (1992) have reported the BZ CRC as showing good efficacy

against a range of nematodes, T colubriformis, H contortus and Tel.

circumcincta. The efficacy against BZ-resistant strains of T

colubriformis and H. contortus was also good (LeJambre et al., 1981). If

a BZ capsule can remove BZ-resistant T colubriformis, how then can

BZ-susceptible T vitrinus survive in CRC treated sheep fed a protein

supplement?
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Protein supplementation in the host's diet has been shown to have

an effect on nematode populations. Dobson & Bawden (1974) have

shown that a high protein diet allows sheep to eliminate more worms

(Oesophagostomum columbianum) as well as limiting the number of eggs

produced by the remaining worms, delaying worm egg production and

causing the inhibition of a greater percentage of incoming infective

larvae. A higher level of dietary protein has been shown to boost, or

speed up, the development of immunity to H. contortus, Tel.

circumcincta, T colubriformis and Nematodirus battus infection in lambs

of many breeds (Abbott et al., 1988; Bown et al., 1991; Coop et al., 1995;

Isaf et al., 1996), reducing the effects of infection.

With a high protein diet affecting worm populations in all these

ways, it is possible that different species could be affected differently.

Abbott et al. (1985a, 1985b) were unable to show any effect of protein

supplementation on Fasciola hepatica or 0. columbianum but did

establish an effect on establishment of H contortus, dependent on host

sheep breed. Perhaps this is an indication that different species are

affected by host nutritional status differently. However, other workers

have established an effect of protein supplementation on 0. columbianum

(Dobson & Bawden, 1974) so the differing findings could be the result of

experimental design, or even of parasite strain. Host nutritional status

can affect species proportion in a mixed Trichostrongylus infection, but

specifically how it does is unknown.

The individuals with spicule mutations may have arisen as a result

of development in the continual presence of BZ. The mode of action of

BZ is to disrupt normal binding of tubulin (Lacey, 1988) which forms
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microtubules, the cytoskeleton. Microtubules are used in normal cell

division so it is possible that if formation of normal microtubules is

impaired, cell division may not occur normally. Abnormal cell division

during development, if the individual remained viable, could result in any

number of mutations throughout the worm. The spicules were the only

part of the nematodes examined and the worms were cleared in

lactophenol before squashing firmly under microscope slides, hampering

any further morphological examinations.

The proportion of individuals identified with spicule mutations was

quite high, ranging, on average, from three to nearly seven per cent

(Table 4.1), and it is likely that there would have been other, unobserved,

mutations present in both male and female nematodes. The spicule

mutations observed (Figure 4.1) would be expected to prevent normal

reproduction by these individuals.
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