
Nematode Prevalence, Helminth 

Management Practices and  

Anthelmintic Resistance 

in Small Ruminants in 

the Mid-Rift Valley of  

Ethiopia 
 

 

 

BY 
 

DESALEGN LIDETU WOLDEMARIAM 
 

 

 

 

 

Submitted in partial fulfillment of the requirements for the degree Doctor of Veterinary 

Science, in the Department of Veterinary Tropical Diseases, Faculty of Veterinary Science, 

University of Pretoria 

 

May  2005 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 ii

Declaration 
I, Desalegn Lidetu Woldemariam, do hereby declare that the work on which this thesis is 

based is original work, except where acknowledgements indicate otherwise. Neither the full 

dissertation nor any part of it has been, is being, or is to be submitted for another degree at 

this or any other University.  

 

 

 

Candidate: ____________________________ 

 

 

Date:  ____________________________ 

 

 

 

 

 

 

 

 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 iii

 

 

 

 

 

 

 

 

Dedicated to  

 

 

Genet Getahun Mekoya 
 

 

 

 

 

 

 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 iv

Table of contents 
 
Declaration ....................................................................................................................................ii 
Table of contents..........................................................................................................................iv 
List of figures ................................................................................................................................vi 
List of tables ............................................................................................................................... viii 
Acknowledgements ......................................................................................................................xi 
Summary .................................................................................................................................... xiii 
Chapter 1. ..................................................................................................................................... 1 
General introduction ..................................................................................................................... 1 
Chapter 2. ..................................................................................................................................... 5 
Review of the literature................................................................................................................. 5 

2.1. Background........................................................................................................................ 5 
2.2. Environmental factors........................................................................................................ 6 
2.3. Livestock production system and husbandry practices .................................................... 7 
2.4. Host age, acquired resistance and genotype ................................................................... 8 
2.5. Concurrent Infections ........................................................................................................ 8 
2.6. Control ............................................................................................................................... 9 
2.7. Use of anthelmintics .......................................................................................................... 9 
2.8. Development of anthelmintic resistance ......................................................................... 11 
2.9. Use of questionnaires in surveys of anthelmintic usage................................................. 11 

Chapter 3. ................................................................................................................................... 12 
General materials and methods................................................................................................. 12 

3.1. Study areas...................................................................................................................... 12 
3.2. Climate............................................................................................................................. 18 
3.3. Study animals .................................................................................................................. 18 
3.4. Faecal worm egg count ................................................................................................... 18 
3.5. Faecal larval culture ........................................................................................................ 19 
3.6. Body condition score ....................................................................................................... 20 
3.7. Live weight measurement ............................................................................................... 21 
3.8. Collection and processing of blood samples .................................................................. 22 
3.9. Collection and processing of herbage samples.............................................................. 23 
3.10. Collection and processing of parasites ......................................................................... 25 
3.11. Identification and counting of helminths........................................................................ 26 
3.12. Use of abattoirs in studying the prevalence of gastro-intestinal parasites ................... 27 
3.13. Determination of anthelmintic resistance...................................................................... 27 
3.14. The FAMACHA© chart................................................................................................... 28 
3.15. Statistical analysis ......................................................................................................... 30 

Chapter 4. ................................................................................................................................... 31 
The seasonal fluctuation of gastro-intestinal nematodes .......................................................... 31 

4.1. Introduction ...................................................................................................................... 31 
4.2. Materials and methods .................................................................................................... 31 

4.2.1. Study sites ................................................................................................................ 31 
4.2.2. Study animals ........................................................................................................... 32 
4.2.3. Climate...................................................................................................................... 32 
4.2.4. Statistical analysis .................................................................................................... 32 

4.3. Results ............................................................................................................................. 33 
4.3.1. Faecal nematode egg counts ................................................................................... 33 
4.3.2. Worm burden ............................................................................................................ 38 
4.4. Discussion.................................................................................................................... 40 

Chapter 5. ................................................................................................................................... 46 
The prevalence and intensity of helminth and coccidial infections............................................ 46 

5.1. Introduction ...................................................................................................................... 46 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 v

5.2. Materials and methods .................................................................................................... 46 
5.2.1. Study area................................................................................................................. 46 
5.2.2. Sampling procedures................................................................................................ 47 
5.2.3. Statistical analysis .................................................................................................... 48 

5.3. Results ............................................................................................................................. 49 
5.3.1. Faecal egg counts .................................................................................................... 49 
5.3.2. Total worm counts .................................................................................................... 57 
5.3.3. Prevalence of coccidia.............................................................................................. 58 
5.3.4. Larval counts from herbage...................................................................................... 65 
5.3.5. An abattoir survey of gastro-intestinal parasites ...................................................... 65 

5.4. Discussion ....................................................................................................................... 66 
Chapter 6. ................................................................................................................................... 74 
FAMACHA© based selective anthelmintic treatment................................................................. 74 

6.1. Introduction ...................................................................................................................... 74 
6.2. Materials and Methods .................................................................................................... 74 

6.2.1. Study area................................................................................................................. 74 
6.2.2. Study animals and experimental design .................................................................. 75 

6.3. Results ............................................................................................................................. 77 
6.3.1. Egg and worm counts............................................................................................... 77 
6.3.2. FAMACHA© clinical evaluation................................................................................. 82 

6.4. Discussion ....................................................................................................................... 94 
Chapter 7. ................................................................................................................................. 101 
Worm control practices and anthelmintic resistance ............................................................... 101 

7.1. Introduction .................................................................................................................... 101 
7.2. Materials and methods .................................................................................................. 101 

7.2.1. Selection of respondents. ....................................................................................... 102 
7.3. Results ........................................................................................................................... 103 

7.3.1. Farmers perceptions............................................................................................... 103 
7.3.2. Animal health workers perceptions ........................................................................ 108 

7.4. Discussion ..................................................................................................................... 112 
Chapter 8. ................................................................................................................................. 114 
A survey on the occurrence of anthelmintic resistance ........................................................... 114 

8.1. Introduction .................................................................................................................... 114 
8.2. Materials and Methods .................................................................................................. 115 

8.2.1. Sampling of farms and animals .............................................................................. 115 
8.2.2. Anthelmintics........................................................................................................... 115 
8.2.3. Faecal egg count reduction test ............................................................................. 116 
8.2.4. Larval identification and counts .............................................................................. 116 

8.3. Results ........................................................................................................................... 117 
8.4. Discussion ..................................................................................................................... 123 

Chapter 9. ................................................................................................................................. 127 
General discussion, significance of the study and concluding remarks.................................. 127 

9.1. General discussion........................................................................................................ 127 
9.2. Significance of the study and concluding remarks ....................................................... 134 

References ............................................................................................................................... 136 
Annexure 1 ............................................................................................................................... 149 
Annexure 2 ............................................................................................................................... 153 
Annexure 3 ............................................................................................................................... 159 
Annexure 4 ............................................................................................................................... 160 
Annexure 5 ............................................................................................................................... 161 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 vi

List of figures 
Fig. 3.1. Map of the Federal Republic of Ethiopia showing Amhara and Oromia Regional 

States, and North Shewa and East Shewa zones. ................................................ 13 
Fig. 3.2. Map of East Shewa showing sub-districts where the study sites located.............. 14 
Fig. 3.3. Scheme for body condition scoring used in sheep and goats in the FAMACHA trial 

during July 2002-September 2003. ........................................................................ 15 
Fig. 3.4. Shelter for the experimental sheep and goats for the FAMACHA© trial at Abernosa 

viewed from outside (top) and inside (bottom). ...................................................... 16 
Fig. 3.5. A group of experimental sheep grazing at Abernosa in the Rift Valley area of East 

Shewa during the dry season (top) and at the start of the rains (bottom). ............ 17 
Fig. 4.1. Mean monthly rainfall at Metehara and Kechachilo (arid) and Ziwai, Meki and 

Dugdabura (semi-arid). ........................................................................................... 35 
Fig. 4.2. Mean minimum and maximum ambient temperatures at Metehara and Kechachilo 

(arid) and Ziwai, Meki and Dugdabura (semi-arid) areas....................................... 36 
Fig. 4.3. Mean monthly relative humidity at Metehara and Kechachilo (arid) and Ziwai, Meki 

and Dugdabura (semi-arid) areas........................................................................... 36 
Fig. 5.1. Mean monthly rainfall data at Mojo, Ziwai, Meki, Shashemene and Boset sub-

districts in East Shewa zone from July 2002 to September 2003.......................... 53 
Fig. 5.2. Mean maximum and minimum ambient temperature and relative humidity at Mojo 

during July 2002 to September 2003...................................................................... 53 
Fig. 5.3. Mean maximum and minimum ambient temperature and relative humidity at Ziwai 

during July 2002 to September 2003...................................................................... 54 
Fig. 5.4. Mean maximum and minimum ambient temperature and relative humidity at 

Shashemene from July 2002 to September 2003.................................................. 54 
Fig. 5.5. Mean maximum and minimum ambient temperature and relative humidity at 

Dugdabura from July 2002 to September 2003. .................................................... 55 
Fig. 5.6. Mean oocyst counts of sheep and monthly average ambient temperature from July 

2002 to September 2003 in the semi-arid areas of East Shewa. .......................... 60 
Fig. 5.7. Mean oocyst counts of goats and monthly average ambient temperature and 

relative humidity from July 2002 to September 2003 in the semi-arid areas......... 63 
Fig. 5.8.  Herbage larval counts during the period July 2002 to September 2003............... 64 
Fig. 6.1. Mean faecal strongyle egg counts in the suppressive, selective, non-treatment and 

single treatment groups during July 2002-September 2003. ................................. 78 
Fig. 6.2. FAMACHA© category scores of goats in the suppressive treatment control group 

for the seasons July 2002-September 2003........................................................... 84 
Fig. 6.3. FAMACHA© category scores of goats in the non-treatment control group for the 

seasons July 2002-September 2003. ..................................................................... 84 
Fig. 6.4. FAMACHA© category scores of goats in selective treatment group for seasons July 

2002-September 2003. ........................................................................................... 85 
Fig. 6.5. FAMACHA© category scores of goats in the single treatment control group for the 

seasons July 2002-September 2003. ..................................................................... 85 
Fig. 6.6. FAMACHA© category scores of sheep in the selective treatment group for seasons 

July 2002-September 2003..................................................................................... 87 
Fig 6.7. FAMACHA© category scores of sheep in suppressive treatment group for seasons 

July 2002-September 2003..................................................................................... 88 
Fig. 6.8. FAMACHA© category scores of sheep in non-treatment control group for seasons 

July 2002-September 2003..................................................................................... 88 
Fig. 6.9. FAMACHA© category scores of sheep in a single treatment control group for 

seasons July 2002-September 2003. ..................................................................... 89 
Fig. 6.10. Correlation of epg of goats with in haematocrit levels in Groups I-IV in the 

FAMACHA© trial for seasons from July 2002 to September 2003......................... 89 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 vii

Fig. 6.11. Correlation of epg of sheep with haematocrit levels in Groups II-IV in the 
FAMACHA© trial for seasons from July 2002 to September 2003. The egg count 
for Group 1 was nil. ................................................................................................. 90 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 viii

List of tables 
Table 3.1. Two way frequency table of haematocrit by FAMACHA© with haematocrit cut-off of 

<19% and FAMACHA© scores 4 and 5, or 3, 4 and 5 considered positive test 
results. ..................................................................................................................... 29 

Table 4.1. Mean nematode egg counts in sheep from arid and semi-arid study sites during 
the long and short rains and dry seasons of 1998/1999. ....................................... 33 

Table 4.2. Mean nematode egg counts in sheep of different age groups during the long and 
short rains and dry seasons of 1998/1999. ............................................................ 34 

Table 4.3. Mean nematode egg counts of different sexes of sheep and goats. ..................... 34 
Table 4.4. Mean seasonal egg counts of sheep from arid and semi-arid areas during the long 

and short rains and dry seasons of 1998/1999. ..................................................... 34 
Table 4.5. Least-square means of nematode log egg counts of sheep by seasons and age (* 

= significanty different). ........................................................................................... 34 
Table 4.6. Least-square means of nematode log egg counts of sheep by seasons and sites (* 

= Significantly different)........................................................................................... 35 
Table 4.7. Mean nematode egg counts in goats from arid and semi-arid study sites during the 

long and short rains and dry seasons of 1998/199. ............................................... 37 
Table 4.8. Mean nematode egg counts in goats of different age groups during the long and 

short rains and dry seasons of 1998/1999. ............................................................ 37 
Table 4.9. Mean seasonal egg counts of goats from arid and semi-arid areas during the long 

and short rains and dry seasons of 1998/1999. ..................................................... 38 
Table 4.10. Least-square means of nematode log egg counts of goats by seasons and age. 38 
Table 4.11. Least-square means of nematode log egg counts of goats by seasons and sites.39 
Table 4.12. Mean seasonal worm burdens, range and prevalence in tracer lambs during the 

long and short rains and dry seasons of 1998/1999. ............................................. 40 
Table 4.13. Seasonal prevalence of nematodes in necropsied tracer sheep from arid and 

semi-arid areas ....................................................................................................... 42 
Table 4.14. Mean seasonal worm burden, range and prevalence in kid tracers. ..................... 43 
Table 4.15. Seasonal prevalence of nematodes in necropsied goats from arid and semi-arid 

areas........................................................................................................................ 44 
Table 5.1. Mean faecal nematode egg counts in sheep from different study sites for the 

seasons July 2002-September 2003. ..................................................................... 50 
Table 5.2. Mean nematode egg counts from young (1-6 months), juvenile (7-12 months) and 

adult (>12 months) sheep in East Shewa from July 2002 to September 2003. .... 50 
Table 5.3. Mean nematode egg count from young (1–6 month), juvenile (7–12 months) and 

adult (>12 months) sheep according to age, sex, site and season for the period 
July 2002 to February 2003. ................................................................................... 51 

Table 5.4. Least-square means and standard errors (SE) of nematode egg counts of sheep 
according to age, sex, site and season from October 2002 to September 2003. . 52 

Table 5.5. Mean nematode egg counts from young (1-6months), juvenile (7-12 months) and 
adult (>12 months) goats in East Shewa zone from July 2002 to September 2003.
................................................................................................................................. 56 

Table 5.6. Mean faecal nematode egg counts in goats from different study sites for the 
seasons July 2002-September 2003. There was no significant difference in epg 
between sites (P=0.623) ......................................................................................... 56 

Table 5.7. Least-square means and standard errors (SE) of nematode egg counts of goats 
according to age, sex, site and season for the period July 2002 to February 2003.
................................................................................................................................. 58 

Table 5.8. Least-square means and standard errors (SE) of nematode egg counts of goats 
according to age, sex, site and season for the period October 2002 to September 
2003......................................................................................................................... 59 

Table 5.9. Mean and range of nematode intensities, and prevalence of infection of 
nematodes in 57 lamb tracers examined in East Shewa. ...................................... 59 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 ix

Table 5.10. Mean and range of nematode intensities, and prevalence of infection of 
nematodes in 53 tracer goat examined in East Shewa.......................................... 60 

Table 5.11. The prevalence of coccidial oocysts in sheep from July 2002 to September 2003 in 
East Shewa. ............................................................................................................ 61 

Table 5.12. Least-square means and standard errors (SE) of oocyst counts in sheep 
compared by age, sex, site and season for the period October 2002 to September 
2003......................................................................................................................... 61 

Table 5.13. Least-square means and standard errors (SE) of oocyst counts in goats compared 
by age, sex, site and season from July 2002 to February 2003. ........................... 62 

Table 5.14. The prevalence of coccidial oocysts in goats from July 2002 to September 2003 in 
East Shewa zone. ................................................................................................... 63 

Table 5.15. Least-square means and standard errors (SE) of oocyst counts in goats compared 
by age, sex, site and season for the period July 2002 to February 2003. ............. 64 

Table 5.16. Least-square means and standard errors (SE) of oocyst counts in goats compared 
by age, sex, site and season from October 2002 to September 2003. ................. 65 

Table 5.17.  Worm burden of goats from an abattoir survey in East Shewa during the wet 
seasons between June and September. ................................................................ 67 

Table 5.18. Worm burden of goats from an abattoir survey in East Shewa during the dry 
seasons between October and March.................................................................... 68 

Table 6.1. Group mean nematode egg counts of goats in the FAMACHA© trial for the period 
July 2002- September 2003.................................................................................... 79 

Table 6.2. Group mean nematode egg counts of sheep in the FAMACHA© trial for the period 
July 2002- September 2003.................................................................................... 79 

Table 6.3. Mean pasture larval counts during July 2002 to September 2003 from four 
paddocks where the four groups of animals were set stocked in the FAMACHA© 
study. ....................................................................................................................... 80 

Table 6.4. Mean worm counts from tracer lambs which grazed on the four separate paddocks 
in the FAMACHA© trial for the period July 2002-September 2003. ....................... 81 

Table 6.5. Results of the faecal egg count reduction test in the experimental goats in the 
FAMACHA© trial. ..................................................................................................... 83 

Table 6.6. Results of the faecal egg count reduction test in the experimental sheep used in 
the FAMACHA© trial. ............................................................................................... 83 

Table 6.7. Results of the fecal egg count reduction test in the experimental goats used in the 
FAMACHA© trial. ..................................................................................................... 83 

Table 6.8. ANOVA group comparison of mean live weight gain in sheep in the FAMACHA© 
trial for seasons July 2002–September 2003. ........................................................ 91 

Table 6.9. ANOVA for group comparison of mean live weight gain in goats in the FAMACHA© 
trial for seasons July 2002–September 2003. ........................................................ 92 

Table 6.10. Analysis of variance of mean monthly weight gain by sheep of the four treatment 
groups1 in the FMACHA trial during July 2002-2003 ............................................. 93 

Table 6.11. Analysis of variance of mean monthly weight gain by goats of the four treatment 
groups in the FMACHA trial during July 2002-2003............................................... 93 

Table 6.12. Comparison of sensitivity, specificity and predictive values for positive and 
negative tests of sheep using FAMACHA© scores and haematocrit cut-off for 
positive test results and anaemia (See Annexure 4).............................................. 94 

Table 6.13. Comparison of sensitivity, specificity and predictive values for positive and 
negative tests of goats using FAMACHA© scores and haematocrit cut-off for 
positive test results and anaemia (See Annexure 4).............................................. 94 

Table 7.1. Randomly selected farmers’ villages and number of farmers participated in for the 
questionnaire survey............................................................................................. 104 

Table 7.2. Distribution of the 100 farmers in the survey categorised with respect to the mean 
number of sheep per hosehold. ............................................................................ 104 

Table 7.3. Distribution of the 100 farmers in the survey categorised with respect to mean 
number of goats per household. ........................................................................... 104 

Table 7.4. The percentage of farmers encountered with animal health problems................ 106 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 x

Table 7.5. Percentage of farmers with regard to their response to the animal health conditions 
during different seasons and type of symptoms recognized................................ 106 

Table 7.6. The percentage of farmers where sheep and goats were treated with anthelmintics 
on various occasions. ........................................................................................... 106 

Table 7.7. Major sources and criteria on selecting anthelmintics.......................................... 107 
Table 7.8. Sources of knowledge on anthelmintics and worm control practices. ................. 108 
Table 7.9. Percentage of animal health workers response for the various reasons/ occasions 

to treat sheep and goats with anthelmintics. ........................................................ 109 
Table 7.10. Response of animal health workers on the prerequisites of farmers on 

anthelmintics choice.............................................................................................. 109 
Table 7.11. Percentage of animal health workers with respect to their practice of weight 

measurements and dosing responses with anthelmintics.................................... 110 
Table 7.12. Major source of anthelmintics to veterinary clinics. .............................................. 110 
Table 7.13. Frequency of anthelmintic groups used by animal health workers for the past four 

years...................................................................................................................... 111 
Table 7.14. Frequency of anthelmintic classes used by veterinary clinics for the past four 

years...................................................................................................................... 111 
Table 8.1. Zone, location and number of sheep and goats in the anthelmintic resistance 

survey. ................................................................................................................... 117 
Table 8.2. Anthelmintics drenched orally in the anthelmintic resistance survey................... 117 
Table 8.3. Results of faecal egg count reduction percentages on smallholder farms calculated 

based on arithmetic means (Coles et al., 1992) and geometric means (Presidente, 
1985). .................................................................................................................... 118 

Table 8.4. Results of faecal egg count reduction percentages on institutional farms calculated 
based on arithmetic means (Coles et al., 1992) and geometric means (Presidente, 
1985). .................................................................................................................... 119 

Table 8.5. Results of the faecal egg percentage reduction tests (calculated using RESO) 
according to Coles et al. (1992) in goats on Debub University’s goat farm......... 120 

Table 8.6. Results of the faecal egg percentage reduction tests (using RESO) according to 
Coles et al. (1992) in goats and sheep on Debub University’s goat farm and Debre 
Birhan sheep breeding centre............................................................................... 121 

Table 8.7. Results of faecal egg percentage reduction according to Coles et al. (1992) in 
sheep and goats on smallholder farms in East and North Shewa....................... 122 

Table A1. Manova Test criteria and exact F statistics for the hypothesis of no weight effect in 
sheep in the FAMAQCHA© trial. ........................................................................... 159 

Table A2. Manova Test criteria and exact F statistics for the hypothesis of no weight effect 
and group interaction in sheep in the FAMAQCHA© trial ..................................... 159 

Table A3. Manova Test criteria and exact F statistics for the hypothesis of no weight effect in 
goats in the FAMAQCHA© trial. ............................................................................ 159 

Table A4. Manova Test criteria and exact F statistics for the hypothesis of no weight effect 
and group interaction in goats in the FAMAQCHA© trial. ..................................... 159 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 xi

Acknowledgements 
I am greatly indebted to the following institutions and persons, who have contributed in 

different ways to the realization of this thesis. 

The Ethiopian Agricultural Research Organization, through the Agricultural Research and 

Training Project and the National Animal Health Research Centre for fully funding my study, 

and for the necessary facilities and assistances given to me during the entire period of my 

study. The Oromia Agricultural Bureau is thanked for its permission to carry out the 

experimental study at Abernosa Ranch. I am thankful to the Heads and staff of these 

institutions for their support and assistances. 

Professor Joop Boomker, my supervisor, for his advice, close supervision, constructive 

criticism and support during the course of the research work both in Ethiopia and South 

Africa, and the preparation of this thesis. His constant encouragement is appreciated. 

The Head of the Department of Veterinary Tropical Diseases, Professor Koos Coetzer, for 

his constant and overall support, advice and encouragement during my entire study period 

and for all interactive, feel-at-home atmospheres he creates for international students in the 

Department. Financial assistance from the Department is gratefully acknowledged. 

I am indebted to Professor Hennie Groeneveld and Ms Rina Owen for the statistical 

analyses and consultation and advice I received. I am very grateful to Ryno Watermeyer for 

introducing me to many of the techniques, particularly worm and larva identification. 

My special thanks to Dr. Kerstin Junker for her encouragement, advice and provision of 

study materials. 

I am indebted to Dr. Jan Van Wyk, Dr. Jannie Crafford and Dr. Andriano Vatta for their 

constant support and encouragement and provision of various study materials. 

Many thanks to the secretarial staff of the Department of Veterinary Tropical Diseases 

particularly to Ms Fransie Lottering, Rina Serfontein, Lily Mphahlele and Anna Molekoa, for 

their assistance and help during my study period. 

Ms Denise Marais and the staff at Administration of the Faculty of Veterinary Science, 

Onderstepoort provided much assistance. 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 xii

I am grateful to Dr. Girma Abebe, Head of the Livestock Research at the Debub University, 

for his permission and support to carry out the anthelmintic resistance survey on the 

University’s goat farm. The staff of Debre Birhan Sheep Breeding and Improvement Center, 

and the Debre Birhan Veterinary Clinic are thanked for their assistance during the study in 

North Shewa. 

The senior laboratory technicians from the National Animal Health Research Centre, 

Adamitulu Research Centre, Abernosa Ranch, and the livestock experts at the Debub 

University for their technical assistance during the collection and processing of the 

specimens. I am grateful to Africa Tefera, Birhanu Wolde Aregaye, Shimelis Gizachew and 

Samuael. 

My heartfelt thanks to all the animal health staff in East and North Shewa zones for their 

much needed help and assistances they provided me during the field work. My special 

thanks also goes to all the peasant farmers in the two zones, without whose support and 

participation this study wouldn’t have been possible. 

The love and prayers of my brothers and sisters and my family in Ethiopia is incontestable. 

My special thanks to my wife Genet Gethahun and my daughters Mahlet, Beza and Pomi for 

their encouragement, patience and love. 

 

 

 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  WWoollddeemmaarriiaamm,,  DD  LL    ((22000055))  
  
  
  
  

  
  



 xiii

Summary 
Parasitic helminths, mainly nematodes, are the most important causes of diseases of sheep 

and goats in the relatively warmer climatic areas of Ethiopia. This thesis comprises five 

related studies on the gastro-intestinal parasites namely, (1) the intensity of gastro-intestinal 

nematodes and coccidia in a semi-arid area, (2) the fluctuation of parasitic diseases in arid 

and semi-arid environments, (3) a questionnaire survey to study the perception of farmers 

and animal health workers on the control of worms by using anthelmintics and implications to 

the development of resistance, (4) a survey on the occurrence of anthelmintic resistance in 

selected areas and (5) the evaluation of the effectiveness of selective anthelmintic treatment 

using the FAMACHA© system. Data that were collected both during the pilot and the main 

studies in 1998-1999 and 2002-2003, respectively, are presented here. 

The overall results of the longitudinal study on gastro-intestinal parasites of sheep and goats 

indicate that nematode egg counts were higher at all sites after the rainy seasons and 

declined during the dry seasons. The mean egg counts during the long rainy seasons in the 

initial survey were 536, 554 and 483 eggs per gramme of faeces for young, juvenile and 

adult goats, respectively, while sheep of the same age group had 560, 487 and 637 eggs per 

gramme of faeces, respectively. The two most prevalent of worms recovered from the 48 

lamb tracers were Haemonchus contortus (91-100%) and Trichostrongylus colubriformis (90-

100%) followed by Oesophagostomum columbianum (33-83%) and Trichuris ovis (8-33%). 

Significant differences in worm counts were observed between seasons (P<0.05). The mean 

faecal nematode egg counts during the rainy seasons of 2002-2003 were 1 887, 2 085 and 2 

273 for young, juvenile and adult goats, respectively, while sheep of the same age group 

had 2 000, 2 186 and 2 243 eggs per gramme of faeces, respectively. The overall nematode 

count was significantly higher than the nematode count during the initial study. The worms 

that were recovered during the different seasons of 2002-2003 from 57 lamb and 53 kid 

tracers showed H. contortus (91-100%) and T. colubriformis (90-100%) to be predominant, 

followed by O. columbianum (33-83%) and Trichuris ovis (8-33%). Similarly, H. contortus 

(95-100%) and T. colubriformis (83-100%) were predominant in the 53 kid tracers, followed 

by O. columbianum (58-83%) and T. ovis (41-74%). A significant difference in worm count 

was observed within seasons (P<0.05) and sites. The mean worm burden during this study 

was found to be much higher than the initial period (1998/1999) in almost all study sites 

during the worm seasons. 
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The species composition of nematodes does not vary between sites. Other helminths such 

as Moniezia expansa, Taenia hydatigena and Echinococcus spp. were found in sheep and 

goats in East Shewa.  

This study also presents evidence that coccidiosis is a highly prevalent condition in lambs 

and kids in the Rift Valley areas. A total of 710 (83%) of sheep and 625 (74.2%) of goat 

faecal samples contained Eimeria oocysts. Lambs and kids had a significantly higher oocyst 

count than juvenile or adult sheep and goats (P<0.05). 

Information on worm management practices with emphasis on the use of anthelmintics and 

their implications for the development of resistance was obtained through a questionnaire 

survey involving 100 smallholder farmers and 64 animal health workers in North and East 

Shewa zones. The main factors identified in this study, which may contribute significantly to 

the selection of worm resistance to anthelmintic according to Coles and Roush (1992) and 

Waller (1997) were failure to alternate classes of anthelmintics, under-dosing and the use of 

poor quality anthelmintics. The majority of farmers in North Shewa and East Shewa did not 

alternate anthelmintics and only 2% of the 64 animal health workers alternated 

anthelmintics. 

The results obtained from faecal egg count reduction tests carried out in selected areas of 

East and North Shewa and on institutional farms indicate the presence of anthelmintic 

resistance of nematodes in sheep and goats in 4 out of 22 smallholder farms and on one 

institutional farm, where H. contortus was predominant. Resistance to levamisole was also 

detected on one smallholder farm and one institutional farm. 

The alternative approach in the management of haemonchosis by selective anthelmintic 

treatment using the FAMACHA© method was studied using experimental sheep and goats. 

Correlations between the haematocrit values and FAMACHA© scores, faecal egg count and 

haematocrit values and worm and faecal egg counts were all significant (P<0.05) for both 

sheep and goats in the selective treatment group. Sheep and goats that were selectively 

treated gained significantly more weight than non-treated (P<0.05), or animals treated on 

single occasion (P<0.05). Animals treated monthly (Group I) had significantly higher weight 

gains than the other groups. The sensitivity of the FAMACHA© test to identify animals that 

fall into categories 3, 4 and 5 was 72.7% while the specificity was 94.9%. The FAMACHA© 

method was found to be a simple and cheap alternative to use in an integrated control 

programme for nematode parasites, particularly when H. contortus is the primary pathogen. 
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