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ABSTRACT

Trichostrongylus colubriformis and T. vitrinus are nematodes infecting
the small intestine of ruminants, mainly sheep and goats. These species are
closely related and can occur simultaneously in the same host. Despite such
similarities anecdotal evidence suggests proportions of these two species tend to
vary greatly between regions, between paddocks in the same region and
between sheep in the same paddock. Of the two species, T. vitrinus is known to
be more pathogenic making it desirable to know what influences differences in
species proportion to possibly manipulate the environment and, therefore,
species proportion, or to more accurately predict abundance of T. vitrinus.
Factors considered were; anthelmintic treatment, host nutrition, host resistance
status, interspecific competition and temperature.

In order to study factors affecting species proportion a reliable method of
species identification was necessary to distinguish between the eggs, larvae and
females of the two species. A variety of possible techniques were reviewed
before a DNA based species identification technique, using the second internal
transcribed spacer of ribosomal DNA, was chosen.

To investigate effects of anthelmintic treatment on species proportion,
experiments were conducted on nematode populations from two properties.
This work showed that after exposure to a range of anthelmintics, 7.
colubriformis and T. vitrinus can develop different levels of resistance to these
anthelmintics.  Results also confirmed that species proportion varied
significantly between regions and between sheep in the same paddock.

An experiment examining anthelmintic treatment and protein
supplementation of the host diet was conducted. Host nutrition was found not
to significantly affect species proportion but a trend towards an increase in T.
vitrinus was noted in protein supplemented animals.

Rams from two selection lines and a non-selected control line of the
CSIRO Haemonchus selection flock were used to determine whether there is a
relationship between host resistance status and Trichostrongylus species
proportion. Results suggest that such a relationship did not exist.

Interspecific competition and population density in faecal culture were
examined. Competition between T. colubriformis and Haemonchus contortus,
T. vitrinus and H. contortus and T. colubriformis and T. vitrinus were examined
over a range of population densities. Results at high population densities
(>10 000 epg) showed T. colubriformis to be the better competitor in the
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presence of H. contortus. However, T. vitrinus appeared the better competitor
in cultures of T. colubriformis and T. vitrinus.

Two faecal culture trials were conducted to examine the effect of
temperature on the development of eggs to third stage larvae (L3). The first
examined cultures derived from a mixed paddock infection with T
colubriformis, T. vitrinus and Teladorsagia circumcincta present. The second
examined cultures derived from artificial, single species infections of T
colubriformis, T. vitrinus, Tel. circumcincta and H. contortus. Results showed
an inverse order of temperature preference. 7. colubriformis developed to L3 at
temperatures as high as 35°C, T. vitrinus and Tel. circumcincta develop to L3
at temperatures as low as 10°C while development of H. contortus was
maximised at 27°C.

The results contribute to a better understanding of interactions between 7.
colubriformis and T. vitrinus and factors which may affect species proportion.
The implications of the results and avenues of further investigation are
discussed in detail.



-Vii-

LIST OF TABLES

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

Table 3.2: Total numbers of Trichostrongylus sp. and percentage of male
Trichostrongylus colubriformis found in sheep from each of the four
anthelmintic treatment groups from Experiment Two at Armidale, N.S.W.
(mean of SEVEN ShEEP)...ciiiiiiiiii e 53

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, SUl = 200 g/animal/day 75% sunflower meal; SU2 = 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
HEAIth) |t et 59

Table 5.1: Estimated total number (mean of seven sheep) of Trichostrongylus
spp. per metre from three areas of the small intestine (1= first one metre; 2=
second two metres; 3= next seven metres) and total number of Trichostrongylus
spp. recovered from the three areas combined from Merino rams from CSIRO
Haemonchus selection flocks (SUS= susceptible; RB= random bred; RES=
TESISTAIIL ).ttt iiitereeeeeiteeeesseettereeeessaeeeestbeaaraesesasnseeeaesesbaeesanseaaeessaneseeesaesnnnnnnsreecs 68

Table 5.2: Percentages (mean of seven sheep) of male Trichostrongylus
colubriformis found in three sections of the small intestine (1= first one metre;
2= second two metres; 3= next seven metres) and percentage found in the three
sections combined from Merino rams from CSIRO Haemonchus selection
flocks (SUS= susceptible; RB=random bred; RES= resistant)..........cc.cccceceene. 69

Table 6.1: Percentage of eggs developing to L3 in 7 days and proportion of L3
identified as T. colubriformis, T. vitrinus or H. contortus from each experiment
at each of four population densities (mean of three replicates)..........ccccceeeerenn 77



-viii-

Table 7.1: Numbers and proportions of adult male and female nematodes
identified from the abomasum and small intestine of two Merino wether
WEATIETS  .1vvveeeeeeeseeeeseserraeeeeaeseeesesaanusrteeeneeaeaeesaesaaanrnnrasaseeeesssasssssssbabasaeeaseesaasaeaanss 89

Table 7.2: Numbers of individuals identified as 7. colubriformis, T. vitrinus or
Tel. circumcincta from each treatment group (total number counted in
PATENTNESES)...eeiviiitiiiiitiii e 89

Table 7.3: Percentage of individuals identified as T. colubriformis, T. vitrinus
or Tel. circumcincta from each treatment group........ccceeeeveeeeireieiiiieecenneceee e, 90

Table 7.4: Numbers of L3 counted for each of 10 culture conditions for
Trichostrongylus colubriformis, T. vitrinus, Teladorsagia circumcincta and
Haemonchus contortus (mean of 3 replicates-estimated from 10% counted)...92

Table 7.5: Percentage of eggs of each species that developed to L3 in the
specified culture duration, calculated from FEC and L3 count data (mean of 3
replicates estimated from 10% counted)..........ccccviviiniiniiniini 93



LIST OF FIGURES

Figure 1.1: Adult Trichostrongylus sp. The male (above) is 5 mm long, the
female 1S 7 MM LONE .o iiiiiiiieeee e 2

Figure 1.2: Life cycle of trichostrongylid nematode showing parasitic and free-
HIVINE SEAZES. ceeuiteeeiiiiieeie ettt 4

Figure 2.1: Spicule shapes of Trichostrongylus colubriformis (above) and T.
VEEFTFIS « e oeeeeeeeeeeeeaeeeeaaeeeeeeeesaa e s e e aseaaeseatts e e eeeennsaat e e s e e eaenanaenaa e eeeeeeerennaanenens 40

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 pUCI9
digested with Hpall. The first lane for each species shows DNA 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,
TESPECTIVELY ettt 46

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)....ooo ot 60

Figure 5.1: Percentage of T. colubriformis males found in each section of the
small intestine of nematode susceptible, resistant and random bred sheep........ 69

Figure 6.1: Comparison of the variation in percentage of 7. colubriformis or T.
vitrinus L3 recovered from faecal cultures, containing 90% H. contortus eggs,
over four population densities........coccoviiiiiiiiiiiiniiii 17

Figure 6.2: Variation in percentage of 7. colubriformis and T. vitrinus L3
recovered from faecal cultures, containing 50% T. colubriformis and 50% T.
vitrinus eggs, over four population densities........ccocvvieviniiniiiiiiiiiiiiiice. 77



TABLE OF CONTENTS

| D IoI F- V=1 [o) s VUUURR OO PP P OPPPRRUPPPPRRPPPRt i
Submitted fOr PUBIICAtION. ... ..ottt eeeeereee e e e e e e e re e e e rrane e e e eeaeaeaeenn e e i1l
AcKNOWIEAZMENTS. ..couiiiiiiiiiiieiiiiic e v
JN 0110 ¢- o1 FRUUUUUUUUUU TR PP PPSURPPPPRRP \%
| BT A ) Al 1o [ T PSRRI Vil
LISt Of FIQUIES...eeiiiiiiiiiiiiiiiic ittt 1X
1. GENERAL INTRODUCTION.....coiiiiiirrteeeeeee e et iieearteeaee s e e e e e e 1
1.1 Black SCOUT WOIT...ooiiiiiiiiie ettt 1

1.1.1 Life CyCle i 3

L.1.2 CLIMALE.cceeeeeiieeeeteeeeeeteeeesareasssaasaansasssssneaaeaeaesenanerraasaesnnnnnnns 5

1.1.3 Black ScoUr DiS@ase.....uueieeieieeieeeiieeeaeriereeeeereeeeeeeeee e 6

1.1.4 Cost t0 INAUSIIY..eovviiiieeeieeciee e 7

J RN 018 11 10 000 018 (oL TURTT OO SOPRTRPN 8

1.2.1 Benzimidazoles...oooooveiieieiiiiiiiieeieeeeeeeee e 9

1.2.2 LevamiSOle. ettt 11

1.2.3 Macrocyclic Lactones.......coocuevieieiiiiiiiniiiiiniiiienciieene 12

1.3 The Problem of Anthelmintic Resistance............ooooviiiiiiceieiiieeeeeenn. 15

1.4 Alternative Methods of Parasite Control...........coooiiiiiiiiiiiieieee e, 19

1.4.1 Flock Management.........ccccocveervineernneeennnns e ——————— 19

142 INULTITIOM . coeee e ettt e ettt ee e e e e s eae e e e e e e e e e e anaaanneens 23

1.4.3 VaCCINAtION. ...eiiiiiiiieietiiiieeeeeeeeeeeeeeeaarenraasennaneannnnareeaseaeeeees 26

1.4.4 Breeding for Parasite ResiStance........ccoccevvvuiiiiiiiiniininnnens 27

1.4.4.1 Between-breed Variation...........eeeeeeeeeeeeieeeveereenninnnns 27

1.4.4.2 Within-breed Variation......cccceeeeeeeereeevereveernneeneeneenen 28

1.4.4.3 Identification of Resistance Genes......cccccceeeeeeeennnn.. 34

1.4.5 Biological Control........c.cecererienirneiiiiiiciciicniceeie e 35

1.5 The Current StUAY....cococevinieieeiieeeeeerce e 37

| - N 1 o 1S USSP O POPUPPPPUORPPUPPRE 38

2. SPECIES IDENTIFICATION. ... ittt e eeeeecrreree e e e e e eeeereeeeeeeaeseenee e 39
2.1 MOTPROIOZY .ceiitiiieiiiiieiieee ittt 39

2.2 Staining TechnIiQUeS.....c..cceiiieiiiriiiiiiiiie e 41

2.3 Molecular TeChNIiquUes.......cccceeririeeiiiiiiiiiiiiciiee e 42

3. ANTHELMINTIC TREATMENT ..ot 48
3.1 INtTOAUCEION. cceeeeeeeeeieeee ettt ee e e e e eeeeeeaer e e e e e e s eeeeeee b e eeereareeeaseeeeess 48

3.2 Materials and Methods........oeeiiiiiiiiiiiiiee e .48

3.2.1 EXperiment OnNe.......ccccecueverenminiiiniineinneenieene et 48

3.2.2 Experiment TWo.....cocoviiviiiiniiniieieiiee e 50



-Xi-

33 RESULLS. ettt ettt e e e a bt e e aanaans 51

3.3.1 EXperiment OnNe........ccoooiiiiiiiinniieiieeeiieee e 48

3.3.2 Experiment TWO...cccoveviiiiiiiiniiiicece 52

3.4 DISCUSSION. c.uuvetiiiiirrarntratrrerereeeeeeeiiitrsrereeeseesessssssreeensesesrreeeseaaanaasannnnes 54

4. PROTEIN SUPPLEMENTATION AND ANTHELMINTIC TREATMENT........ 57
F I U8 o Ye RN Tel Lo o VRN OO U 57

4.2 Materials and Methods..........ceeeeiiiiieiiiiiiiiiinnn. e ————— 58

4.3 RESUIES. et e ettt et eerer e e e e aeraee e e e e b ———————————————————— 59

4. DS CUSSION  uuneeeieirieeeeieeririeeeeeeeeeeerersssaraaaeaeaeeesessrsstasaeessssrssesnaaaaaesees 61

5. HOST RESISTANCE . ..ottt ettt e e e e e e e e e e e e e esiarn e e aaeeeaaeea s 65
5.1 INtEOAUCTION. ceteeetee e et e e et e e e et e e e e e ernnannes 65

5.2 Materials and Methods.........ooovveeemiieieee e 66

53 R ESUIES et raraanan 67

5.4 DISCUSSION. ..ccciiieeieeeee et et e e e e et e e e e e e e e eeeeeeeeaeaaeeeneans 60

6. COMPETITION AND POPULATION DENSITY IN FREE-LIVING STAGES........... 73
(Y 18 (oY L0 Te15 U} o HRRRR RO SRR URRURRRRPR 73

6.2 Materials and Methods........cccooiveiiiiiiiie e .74

6.2.1 EXperiment ONe........cccouiriiiinniiiiiniiiiiinn e 74

6.2.2 Experiment TWO.......cocceiriiiiiiiieiienie e 75

6.2.3 Experiment Three........c.ccoooveeviriniiiniiiniiiiiiicic e, 75

0.3 RESUILS ittt e e e e e e e et e e e e e e e e e aa e e e ea s 76

6.4 DISCUSSION...cetvueeiiinieiieeeeetiaeeetessiaeeessnraseeeeerrnraaeesanesernrsnnaeernsneesenns 80

7. CULTURE TEMPERATURE......co oottt 83
7.1 INEEOAUCTION. .ccoe it iiiiietie et eresanaees s snaab e eaeeaeaeasaaaseaaaeeenss 83

7.2 Materials and MethodsS.........ouueeeiiiiiiiiiiieieeeee e 84

7.2.1 EXperiment ONe........cccocoeiviieiniieeiniieeeiieceee e 84

7.2.2 Experiment TWO.......coccuiiiiiiniiiiiiiiniinec e 86

7.3 RESULLS. ettt ettt e e e e eeeeeeeeeeaaee e e e e et ab e arr e e abananns 38

7.3.1 Experiment One........cccceviivuiiniiiiiriiniiccies e 88

7.3.2 Experiment TWO......cccooeiinirienieieiciiicccecicence e 90

7o DISCUSSIOMN. uuueeeeeteeeeeeereeeeeeeeeeeseesssseesseaeeaaasssssasseessnsssseeesaeaaansnnnnens 94

8. GENERAL DISCUSSION. ..ottt e eeeseirrreeaeesseaeaasaessessssnssesnesesees 99
Lterature CILEA. . o eeeiieeeiieiiee e et e e ee et eeeeesan e eeessenneseessenaaesenssearensanssenansnrens 105
APPENAIX Lttt 128
APPENAIX Tl 129

Appendix Il oo 131



Appendix [V

-Xii-

.......................................................................................................

APPENAIX Vet eee e e e c e e s

Appendix VI

.......................................................................................................



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Certification_Watson.pdf
	Page 1

	Certification_Wooster.PDF
	Page 1




