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CHAPTER I 

GENERAL INTRODUCTION AND LITERATURE OVERVIEW 

The word helminth is derived from the Greek words helmins or helminthos, which means 

a worm. It usually refers to the flatworms (Platyhelminthes) and roundworms (Nematoda, 

formerly known as Nemathelminthes). The nematodes are unsegmented worms usually 

cylindrical and elongated in shape. Their body is covered with a cuticle. These are among 

the most abundant animals on earth. The majority of nematodes are free-living and a few 

are parasitic forms. There are about 16000 species of nematodes described and it is 

assumed that many more exist (Kassai 1999).  

 

Toxocara canis (Werner, 1782), Toxocara cati (Schrank, 1788) and Toxascaris leonina 

(V. Linstow, 1902), are among the largest of intestinal nematodes of domestic pets. The 

name Toxocara Stiles, 1905 is derived from a combination of the Greek words toxon that 

means, “bow” and kara (cara) that means “head” (Grove 1990), denoting the shape of the 

anterior portion (“head”) of the adult worms. 

  

Toxocara canis, T. cati and T. leonina are roundworms or ascarids of dogs and/or cats. 

Adult ascarids infecting dogs and cats, have very close morphological similarities with 

each other and with those of other animals and humans. Their resemblance in external 

morphology, the occurrence of mixed infections in dogs and in cats, and accidental 

spurious infections in humans, create confusion in their identification and may lead to 

inappropriate diagnoses and unnecessary treatment.  
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According to Nichols (1956), prior to the recovery of T. canis larvae from the liver of a 

boy (Beaver, Snyder, Carrera, Dent and Lafferty 1952), the identification of an infection 

with larval nematodes in humans was made only by the association of the larvae with 

concomitant intestinal ascariasis and not by means of known larval morphology. Later 

more attention was given to the study of morphological features of larval stages of 

Toxocara species to distinguish these from larval stages of other nematodes such as 

Ascaris lumbricoides (Linnaeus, 1758), hookworms and Strongyloides stercoralis 

(Bavay, 1876) which can also infect humans. Eggs of ascarids are usually more or less 

spherical, subglobose or oval in shape. The eggs of different species can usually be 

distinguished on the bases of size, colour, shape, content, presence or absence of pits and 

ridges on the egg surface. However, eggs of T. canis and T. cati have very close 

morphological similarities and may not be reliably distinguished using simple light 

microscopic examination (Uga, Minami and Nagata 1996). 

 

Toxocara canis and T. cati have a complex life cycle, but it is simple and direct in 

Toxascaris leonina. A wide range of vertebrate and invertebrate animals may serve as 

paratenic hosts. Besides having a high reproductive potential in which a female worm 

produces vast numbers of eggs, these nematodes also have larval stages that are well 

adapted in their survival and transmission to successive generations of hosts by means of 

transplacental and/or transmammary transmission enabling them to counteract the low 

probability of individual offspring success (Glickman and Schantz 1981). Rodents play a 

significant role in the life cycle of ascarid species, serving as paratenic hosts (Sprent 

1953). The use of paratenic hosts in Toxocara spp. and Toxascaris leonina also ensures 
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the survival of the larval stages, assuring long periods of survival while avoiding the 

unfavourable external environment. 

  

Human infection with T. canis and T. cati is known as toxocariasis and this is one of the 

most common zoonotic helminthiasis (Herrmann, Glickman, Schantz, Weston and 

Domanski 1985; Gillespie 1993, Robertson, Irwin, Lymbery and Thompson 2000 and 

Humbert, Niezborala, Salembier, Aubin, Piarroux, Buchet and Barale 2000). Humans 

may be infected from contaminated body parts, soil, fomites, vegetables, fruit (Romeu, 

Roig, Bada, Riera and Munoz 1991; and Espana, Serna, Rubio, Redondo and Quintanilla 

1993) and ingestion of raw or undercooked meat of paratenic hosts containing the larval 

stages, such as eating raw snails (Romeu et al. 1991), chickens (Nagakura, Tchibana, 

Kaneda and Kato 1989) and rabbits (Sturchler, Weiss and Gassner 1990). However, 

contaminated soil is considered the major source of exposure to the infective eggs.  

 

In humans, infection with Toxocara spp. causes visceral larval migrans (VLM), ocular 

larval migrans (OLM) and covert toxocariasis (Smith 1998 and Taylor, Keane, O'Connor, 

Mulvihill and Holland 1988). The primary cause of toxocariasis is T. canis and 

occasionally T. cati (Glickman & Schantz 1981). After Beaver et al. (1952) reported 

Toxocara larvae in the liver of a child, Toxocara spp. has been considered as one of the 

causative agents of visceral larval migrans. Visceral larval migrans is usually prevalent in 

children aged one to four years (Schantz, Meyer and Glickman 1978).  Ocular larval 

migrans has been reported occasionally, but has the most serious consequence of partial 

or complete loss of vision (Borg and Woodruff 1973). Ocular larval migrans usually 
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occurs in children aged four to eight years (Searl, Moazed, Albert and Marcus 1981) and 

rarely in adults (Roth and Gleckman 1985).  

 

According to Thompson, Bundy, Cooper and Schantz (1986), the transmission of T. canis 

is influenced by the prevalence of infection in the local dog population, size of the local 

dog population, standard of hygiene in the human population, and exposure related 

behaviour. Children are particularly exposed to risks of infection with Toxocara spp. eggs 

because of their pica habit, close contact with infected dogs and playing on contaminated 

playgrounds (Shimizu 1993). Besides these, poor personal hygiene (Agudelo, Villareal, 

Caceres, Lopez, Eljach, Ramirez, Hernandez and Corredor 1990; Magnaval, Michault, 

Calon and Charlet 1994), lack of parental education (Sadjjadi, Khosravi, Mehrabani and 

Orya 2000), occupation (Clemett, Williamson, Hidajat, Allardyce and Stewart 1987) and 

pet ownership (Arpino, Gattinara, Piergili and Curatolo 1990; Holland, O'Lorcain, 

Taylor, and Kelly 1995; Alonso, Stein, Chamorro and Bojanich 2001) are also indicated 

as risk factors to the exposure of ascarid infections. 

 

Climatic conditions such as temperature, humidity (Glickman and Schantz 1981, Parsons 

1987) and soil type are also factors that influence the survival of the eggs in the 

environment. However, eggs of ascarids are highly resistant and may survive for years in 

the environment (Borg and Woodruff 1973; Searl et al. 1981; Urquhart, Armour, Duncan 

and Jennings 1989; Gillespie, Pereira and Ramsay 1991). According to Glickman and 

Schantz (1981), the degree of soil contamination reflects the prevalence of ascarids in the 

dogs and density of the dog population in an area. 
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Surveys conducted in many parts of the world to determine the prevalence of T. canis in 

dogs have reported prevalence rates ranging from 2.9% in the Netherlands (Overgaauw 

1997a) to 89% in Japan (Shimizu 1993). However, as a result of host factors, 

management of domestic pets and techniques used to examine faecal samples, wide 

ranges of prevalence rates were reported in many parts of the world. Usually high 

prevalence rates were reported from puppies, stray dogs and in dogs investigated during 

necropsies. A high prevalence of patent infection occurs in puppies and kittens that are 

most often and most heavily infected with Toxocara spp. and contribute most to the 

contamination of the soil in the environment. 

  

Epidemiological surveys for T. cati showed prevalence rates of 2% in the Netherlands 

(Overgaauw and Boersema 1998a), 84% in Australia (Uga et al. 1996; Milstein and 

Goldsmid 1997) and 100% from wildcats in Greece (Papadopoulos, Himonas, 

Papazahariadou and Antoniadou-Sotiriadou 1997). It has been suggested that Toxocara 

spp. eggs were found more frequently in kittens (Urquhart et al. 1989) and in stray cats 

than in cats kept in households (Overgaauw 1997a; Overgaauw and Boersema 1998a). 

Toxascaris leonina has been reported from dogs with a prevalence of 0.2% in Ireland 

(O’Lorcain 1994) to 52.19% in Turkey (Doganay and Oge 1993).  

 

Domestic animals are usually infected with a wide variety of parasites as a result of their 

confined habitat, leading to extremely dense parasitic concentrations in the soil (Roberts 

and Janovy 2000). Soil is the principal source of many parasitic helminths of humans and 

animals (Ciarmela, Minvielle, Lori and Basualdo 2002). Considerable environmental 
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contamination exists because of the high fecundity and long survival of eggs of Toxocara 

in the environment (Jordan, Mullins and Stebbins 1993). Puppies, stray dogs, stray cats 

and wild carnivores are considered as sources of soil contamination with their faeces, 

which may contain eggs of the ascarids (Shimizu 1993). Soil contaminated with T. canis 

embryonated eggs is the main source of infection of man (Radman, Archelli, Fonrouge, 

Del-V-Guardis and Linzitto 2000). Studies conducted in many parts of the world has 

identified Toxocara spp. eggs in 15% of soil samples from playgrounds in Dublin 

(O'Lorcain 1994) to 92% in sandpits of public parks in Japan (Uga 1993; Shimizu 1993; 

Abe and Yasukawa 1997). The common occurrence of the eggs of Toxocara species in 

the environment has a potential risk to the health of human beings, particularly to 

children (Shimizu 1993; Ruiz De Ybanez, Garijo, Goyena and Alonso 2000). 

 

In studies of human toxocariasis, surveys conducted in many countries showed 

seroprevalence of 3.6% in Spain (Fenoy, Cuellar and Guillen 1996) to 92.8% (Magnaval 

et al. 1994). However, the prevalence of human toxocariasis is unknown because 

toxocariasis is not a reportable disease and the diagnosis is difficult (Glickman and 

Schantz 1981), as the larvae do not develop to adult worms in human beings (Schantz and 

Glickman 1979) and neither eggs nor adult worms are passed in human faeces. 

Prevalence of seropositivity was associated with lower socio-economic development 

(Herrmann et al. 1985), education of parents, puppy ownership (Worley, Green, 

Frothingham, Sturner, Walls, Pakalnis and Ellis 1984), intensity and duration of 

exposure, adherence to worming routines (Slovak 1984), number of dogs in the 
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community, prevalence of infection in the dogs, pattern of defaecation habit of domestic 

pets, and level of soil contamination (Glickman and Schantz 1981).  

 

Diagnosis of patent Toxocara infections in domestic pets is obtained by faecal 

examination or the examination of stomach and intestinal contents for adult worms. 

Faecal specimens of domestic pets and soil samples can be investigated for parasites by 

direct microscopy, concentration techniques such as flotation or sedimentation, or a 

combination of them (Dunsmore, Thompson and Bates 1984; Ruiz De Ybanez et al. 

2000; Oge and Oge 2000). Accurate or absolute diagnosis of toxocariasis in humans is 

based on the direct demonstration and identification of the larval stages in tissue biopsies 

(Raistrick and Hart 1976; Pollard, Jarrett, Hagler, Allain and Schantz 1979; Schantz and 

Glickman 1979; Searl et al. 1981; Wang, Huang, Chan, Preston and Chau 1983; Kielar 

1983; Bruckner 1985; De Sauza and Nakashima 1995; Yoshida, Shirao, Asai, Nagase, 

Nakamura, Okazawa, Kondo, Takayanagi, Fujita and Akoa 1999). However, it is usually 

difficult to demonstrate larvae in tissue biopsies. As a result, the epidemiological 

prevalence of toxocariasis in humans has never been determined accurately (Pollard et al. 

1979). Serologic tests are usually considered as the most appropriate way of diagnosis 

(Bruckner 1985; Lynch, Eddy, Hodgen, Lopez and Turner 1988; Nunes, Tundisi, 

Heinemann, Ogassawara and Richtzenhain 1999; Dubinsky, Akao, Reiterova and 

Konakova 2000; Yamasaki, Araki, Lim, Zasmy, Mak, Taib and Aoki 2000). Enzyme-

linked immunosorbent assay (ELISA), using larval secretory antigens, has been reported 

to be very sensitive and specific for the diagnosis of toxocariasis in humans (De Savigny, 

Voller and Woodruff 1979). 
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Though ascarids of domestic pets are cosmopolitan (Overgaauw 1997b; Radman et al. 

2000) and mainly widespread in the tropics and temperate regions (Schantz, Weis, 

Pollard and White 1980), a number of epidemiological surveys of domestic pets and soil 

samples were conducted in the developed or developing world. However, in Africa, 

particularly in Ethiopia, which is socio-economically poor, where there is no proper 

sanitation and a high prevalence of human parasitic infections, little attention was given 

to the parasites of domestic pets, which cause zoonotic health problems to man and 

economic losses as a result of death of the infected animals.   

 

An increase in the awareness of the morphology, life cycle, epidemiology, pathology and 

laboratory diagnosis of infections caused by Toxocara species provides a better plan for 

the identification, prevention and control of infections transmitted by dogs and cats. 

Based on these considerations, the objectives of the this study were:   

• To investigate the morphological aspects of the developmental stages of T. canis, 

T. cati and T. leonina. 

• To determine the possible transplacental and transmammary modes of 

transmission of T. canis, T. cati and T. leonina in a paratenic host as a model. 

• To investigate the transmission of T. leonina to the definitive hosts through 

experimentally infected tissues of a paratenic host. 

• To determine the epidemiology of T. canis, T. cati and T. leonina and other 

intestinal parasites of domestic pets in Jimma, Southwestern Ethiopia. 
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Specific objectives are found at the respective chapters. This study provides a 

comprehensive and detailed investigation on the morphological aspects, life cycle and 

epidemiology of Toxocara canis, Toxocara cati and Toxascaris leonina. The 

morphological aspects and life cycle studies were conducted at the University of the Free 

State, Department of Zoology and Entomology, whereas the epidemiological survey was 

carried out in Jimma, Southwestern Ethiopia. 

 

The layout of this dissertation is as follows: 

For the convenience of giving complete information, there are abstracts, introductions, 

material and methods, results, discussions and conclusions for each study subject. 

Chapter 2 deals with the morphological descriptions of T. canis, T. cati and T. leonina.  

In Chapter 3, the transplacental and transmammary mode of transmission of these 

parasites in a paratenic host is presented.  In Chapter 4, the transmission of T. leonina to 

the definitive hosts through experimentally infected tissues of mice is presented. A study 

on the epidemiology of the three parasites in Jimma, southwestern Ethiopia is presented 

in Chapter 5. General conclusions and discussion of the study is presented in Chapter 6. 

The literature referred to in this dissertation are presented in Chapter 7.  The overall 

study is summarised in Chapter 8 (English) and Chapter 9 (Afrikaans). Terms used in 

this study are defined in the Appendix I. Ethical committee permits for sample collection 

for the epidemiological study in Ethiopia and for the use of mice as experimental animals 

are attached in Appendix II.  
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CHAPTER II 

MORPHOLOGICAL ASPECTS OF TOXOCARA CANIS, 

TOXOCARA CATI AND TOXASCARIS LEONINA 

2.1 ABSTRACT 

Roundworms of domestic pets have very close morphological similarities between the 

developmental stages. Both dogs and cats are infected with Toxocara Stiles, 1905 spp. 

and Toxascaris leonina (V. Linstow, 1902). Dogs are usually infected with Toxocara 

canis (Werner, 1782) and cats with Toxocara cati (Schrank, 1788). However, the 

occurrence of mixed infection with T. leonina, accidental cross- infections in dogs and 

cats with Toxocara spp. and accidental infection of man with immature or mature stages 

of Toxocara spp. cause confusion in the identification of the species of these parasites. 

The aim of this study was to describe the gross and detailed morphological aspects of the 

various developmental stages of T. canis, T. cati and T. leonina recovered from their 

definitive hosts and from infected mouse tissues using light and scanning electron 

microscopes. A detailed morphological study of these ascarids confirmed their gross 

morphological similarities and some general and fine structural difference between the 

three species. Toxocara canis differs from T. cati by having a larger size, longer and 

narrower, spear-shaped cervical alae in the adult worms, and a larger and grossly pitted 

egg. It differs from Toxocara leonina by its size, specific arrangements of papillae on the 

tail of the male worm and the digiti-form of the tail of the male worm. Unlike Toxocara 

canis and T. leonina, T. cati worms have short and wide, arrow-shaped cervical alae. 

Toxascaris leonina differs from Toxocara spp. by having a tail gradually tapering to a 

point, and a specific arrangement of caudal papillae in the male worm, absence of 
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oesophageal ventriculation and absence of surface ridges on the eggshell. The larval 

stages of the three parasites embryonated in the eggs and larval stages of Toxocara spp. 

recovered from tissues of infected mice were similar to the second-stage in the eggs. 

Unlike the larvae of Toxocara spp., larvae of T. leonina undergo development in the 

tissues of infected mice and differ from the larval stages recovered from the eggs. Unlike 

previous studies by other investigators, the present study has revealed that a female adult 

T. canis worm can attain a size of 27.5 cm and that a male Toxocara spp. has a median 

precloacal papilla.     

 
Keywords: Toxocara canis, Toxocara cati, Toxascaris leonina, morphology, light 

microscope, scanning electron microscope. 
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2.2 INTRODUCTION 

Accurate species identification of ascarids at any life cycle stage is a necessary 

prerequisite for studying life cycles, epidemiology, population biology and systematics, 

and is also central to the diagnosis of the infection (Zhu, Gasser, Chilton and Jacobs 

2001).  The three winged species of ascarids that infect dogs and cats belong to the 

genera Toxocara and Toxascaris (Sprent 1956, 1958 and 1959). They are bilaterally 

symmetrical, elongated, tapered at both ends and are morphologically closely similar. 

They have a complete digestive system with a mouth anteriorly, a gut and an anus/cloaca 

posteriorly. The mouth has a dorsal and two lateral lips. Usually the tail is curved in the 

male worm and tapers to a point in the female. The body is covered with a cuticle. These 

roundworms are dioecious and females are larger than the male worms. There are four 

juvenile stages and an adult stage in the life cycle, each separated from the preceding one 

by an ecdysis, or moulting of the cuticle. Some of the important morphological 

characteristics used for the identification and classifications of adult worms are the 

structure of the cuticle (e.g. alae and ridges), the number and distribution of papillae, the 

presence or absence of amphids and phasmids, the presence or absence of esophageal 

caeca (ventriculus) between the esophagus and intestine, the size and morphology of the 

male spicules and the position of the vulva (Roberts and Janovy 2000).      

  

Difficulties in the identification of Toxocara canis, T. cati and Toxascaris leonina occur 

as a result of their gross morphological similarities (Okoshi and Usui 1967a; Morgan 

2000), in the adult and larval stages.  Moreover, mixed infections with T. canis and T. 

leonina in dogs, mixed infections with T. cati and T. leonina in cats and spurious 
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infections in dogs, cats and paratenic hosts, including humans, with mature or immature 

developmental stages, cause confusion in the identification of these roundworms. 

 

Roundworms of domestic pets do have some morphological similarities with the human 

intestinal roundworm, Ascaris lumbricoides. There are reported cases of spurious 

infection of humans with adult T. cati worms  (Von Reyn, Roberts, Owen and Beaver 

1978; Eberhard and Alfano 1998), with adult T. canis worms (Bisseru, Woodruff and 

Hutchinson 1966), with juvenile stages of T. canis (Beaver et al. 1952; Wang et al. 1983; 

De Souza and Nakashima 1995) and spurious infection of dogs with eggs of A. 

lumbricoides (Seah, Hucal and Law 1975; Doganay and Oge 1993). Toxocara spp. and T. 

leonina can be distinguished from A. lumbricoides by their winged heads (cervical alae). 

However, this difference may be overlooked and this can lead to incorrect identifications 

(Beaver et al. 1952). 

 

Knowledge of comparative morphological features of developmental stages of Toxocara 

spp. and T. leonina helps to simplify the diagnosis of these parasites and avoids 

unnecessary confusion in identifying the parasites in the definitive and/or in paratenic 

hosts. Against this background, the aim of the present study was to provide detailed 

macroscopic and microscopic morphological descriptions of eggs, larvae and adult 

developmental stages of T. canis, T. cati and T. leonina collected from domestic pets and 

from a paratenic host (mice). 
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2.3 MATERIAL AND METHODS 

2.3.1 Study area and period  

This morphological study was conducted at the Zoology and Entomology Department, 

University of the Free State and ClinVet International (Pty) Ltd, Bloemfontein, Republic 

of South Africa, from February to December 2002.  

 

2.3.2 Collection of parasites 

Adult worms 

Adult worms of Toxocara canis (Fig. 2.1A), T. cati (Fig. 2.1B), and Toxascaris leonina 

(Fig. 2.1C) were obtained from dogs and cats during necropsies. The necropsies were part 

of efficacy studies, approved by the ClinVet ethics committee. 
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Figure 2.1. Adult male and female worms of Toxocara canis (Werner, 1782) (A), 

Toxocara cati (Schrank, 1788) (B), and Toxascaris leonina (V. Linstow, 1902) (C) 

collected from dogs and/or cats. 

 

Eggs 

Eggs of Toxocara canis, T, cati and Toxascaris leonina were collected from the uteri of 

adult female worms that were recovered during necropsies.  

Larvae 

Toxocara canis, T. cati and Toxascaris leonina larval stages were recovered from 

embryonated eggs that were collected from the uteri of adult female worms and cultured 

in 0.05 mol H2SO4 solution. After the eggs became embryonated, they were washed 

A 

B C 
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repeatedly with tap water and transferred to a normal saline solution. The embryonated 

eggs were then incubated at 370C for 8-10 hours. Most eggs of T. canis and many eggs of 

T. cati hatched during this period. However, none of the embryonated eggs of T. leonina 

could be hatched using this method.  Larvae of T. leonina were obtained from 

embryonated eggs by applying pressure to rupture the egg shells. This was done 

underneath a coverslip on a glass slide. Light tapping of the coverslip exerted sufficient 

pressure for the release of many larvae.  

 

Larval stages of the three species were also recovered from mice experimentally infected 

for 7 - 34 days while conducting a study on the modes of transmission of these parasites 

in a paratenic host. Larval stages were collected and preserved in 5% formol saline 

solution (8.5 g NaCl, 50 ml absolute formaldehyde solution, and 950 ml distilled water). 

 

2.3.3 Preparation and examination of parasite stages 

2.3.3.1 Light and stereomicroscopy 

Adult worms 

Adult worms (Fig. 2.1A-C) collected from hosts during necropsies were properly washed 

with tap water before being examined. Size measurement (length) of the worms was 

taken from relaxed, live worms using a plastic ruler. The worms were then preserved in 

5% formol saline solution, which ensured that they were fixed in an extended state 

(Soulsby 1982).  A calibrated measuring eyepiece was used to measure the width at the 

midpoint of the worms under a stereo-microscope (Fig. 2.2). The sex of the worms was 

also determined with the aid of a stereo-microscope. Some of the smaller specimens were 
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studied microscopically as temporary mounts using lactophenol solution (20 ml pure 

glycerin, 10 ml lactic acid, 10 ml phenol crystals, and 10 ml distilled water) as a clearing 

agent. 

 

 

Figure 2.2. Macroscopic examination and size measurement of adult specimens of 

Toxocara canis (Werner, 1782), Toxocara cati (Schrank, 1788), and Toxascaris 

leonina (V. Linstow, 1902).  

Eggs  

Properly cleaned non-embryonated and embryonated eggs were suspended in saline 

solution, transferred to a clean glass slide and covered with a coverslip (18 mm x 18 mm) 

for microscopic examination at various magnifications. Shape, size, colour, content and 

surface pitting of eggs were noted. Eggs size was measured after taking images of a 

calibrated scale and parasite eggs at the same magnification with a digital camera. Egg 

size was determined measuring the major axis as length and the minor axis as width. The 

size calculations were done using Scion image software (Scion Image 2000).  
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Larvae 

The larval stages recovered from embryonated eggs and from the tissues of infected mice 

were washed with water and preserved in 5% formol saline solution for morphological 

studies with the aid of light microscopy. Size measurement was done as described for the 

eggs. 

 

2.3.3.2 Scanning electron microscopy 

Preserved eggs, larvae and anterior and posterior body parts of adult male and female 

ascarids were studied using scanning electron microscopy. All specimens were washed 

three times for 10 minutes with water, and then dehydrated through a series of graded 

ethanol concentrations as follows. 

30% ethanol – 20 minutes   

50% ethanol – 20 minutes   

70% ethanol – 20 minutes   

80% ethanol – 20 minutes   

90% ethanol – 20 minutes   

96% ethanol – 20 minutes, and  

100% ethanol – 40 minutes. 

Each of the above concentrations was renewed every ten minutes. The specimens were 

critical point dried and mounted on flat 12 mm aluminium stubs using a rapid drying 

varnish. Specimens were coated with gold and studied with the aid of a JEOL WinSEM 

JSM 6400 scanning electron microscope at 5kv or 10kv with the stage tilted at various 
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angles. Single or multiple specimen holders were used. Ilford Pan F films (50 ASA) were 

used for scanning electron micrographs. 

 

2.3.4 Identification of eggs, larvae and adult worms 

Identification of the developmental stages of each parasite was based on the description 

of Sprent (1956, 1958, 1959), Sprent and Barrett (1964), Soulsby (1982), Kassai (1999) 

and Roberts and Janovy (2000). 
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2.4 RESULTS 

2.4.1 Toxocara canis (Werner, 1782) 

Eggs 

Eggs are more or less spherical (Fig. 2.3A-C) and dark brown in colour. When observed 

under the light microscope, the egg has a thick and corrugated shell (Fig. 2.3A & B). Egg 

surface pits and ridges look coarse and large when observed under the scanning electron 

microscope (Fig. 2.3C). In the unembryonated egg, the content of the ovum fills the egg 

and there is no open space between the ovum and egg shell (Fig. 2.3A). In embryonated 

eggs, the second-stage larvae were clearly seen (Fig. 2.3B) and some were motile. No 

operculum was found during scanning electron microscopic examination.  The egg shell 

is torn and stretched when the larva escapes from the egg during hatching (Fig. 2.3D).   

Size measurement was done for 50 eggs. The eggs measured 83.55 (range 69.76 – 93.65) 

µm in length and 73.43 (65.78 – 80.67) µm in width (Table 2.1).  The mean eggs size of 

T. canis is larger than that of T. cati but is smaller than that of Toxascaris leonina (Fig. 

2.10; Table 2.1, 2.6, 2.11). 

 

Table 2.1. Size measurements of Toxocara canis (Werner, 1782) eggs.   

 Mean Range SD N 

Length (µm) 83.55 69.8 – 93.65 5.14 50 

Width (µm) 73.43 65.78 – 80.67 3.67 50 

SD = Standard deviation, N = Number  
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Second-stage larva 
 

When an egg is excreted by the host, it is not embryonated but under favorable climatic 

conditions development proceeds to the first-stage larva, which moults inside the egg to 

become the infective second-stage larva. The second-stage larva of T. canis recovered 

from embryonated eggs (Fig. 2.3E) or from the tissues of infected mice (Fig 2.9A) has a 

cylindrical, stout or stumpy body. It is vigorously motile when it hatches. The body is 

covered with a cuticle (sheath), which remains from the first moult. In some larval stages, 

portions of the sheath were seen extending beyond the anterior and posterior ends of the 

body. The mouth is situated anteriorly and is directed slightly towards the dorsal side. 

The lips are not well defined. There are minute papillae on the lips. The lateral 

(longitudinal) alae are seen as refractile lines extending along the sides of the larva. 

Internal structures were poorly differentiated. The esophagus can be seen extending about 

one-third of the total length of the larva. The ventriculus of second-stage larvae separates 

the esophagus and the intestine (Fig 2.9A). The intestine is without an apparent lumen 

and is seen as an opaque granular mass in second-stage larvae recovered from the eggs 

(Fig. 2.3E). The primordial anal pore is found ventrally some distance from the tip of the 

tail. The tail is slightly curved dorsally and ends abruptly. The average length of 31 

second-stage larvae recovered from embryonated eggs was 382.9 (range 197.8 – 428.6) 

µm and with an average width of 20.4 (range 16.6 – 24.1) µm at the mid-point of the 

body (Table 2.2). The larval stages recovered from the tissues of infected mice have 

comparable size measurements and are structurally very similar when observed under the 

microscope. The average length of 22 second-stage larvae recovered from tissues of 
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infected mice was 415.24 (range 384.82 – 437.95) µm in length and 22.39 (range 18.6 – 

24.4) µm in width at the mid-point (Table 2.3).  

 

Table 2.2. Size measurements of Toxocara canis (Werner, 1782) second-stage larvae 

recovered from embryonated eggs.  

 Mean Range SD N 

Length (µm) 382.98 197.79 – 428.63 41.18 31 

Width (µm) 20.38 16.63 – 24.08 1.78 31 

SD = Standard deviation, N = Number 

 

Table 2.3. Size measurements of Toxocara canis (Werner, 1782) second-stage larvae 

recovered from tissues of experimentally infected mice.  

 Mean Range SD N 

Length (µm) 415.24 384.82 – 437.95 17.02 22 

Width (µm) 22.39 18.6 – 24.4 1.87 22 

SD = Standard deviation, N = Number 

 
 
Adult worm 

The T. canis adult worm (Fig. 2.1A) is cylindrical and white in color. In both female and 

male worms, the body is curved ventrally at the anterior end. The mouth is situated 

anteriorly and is surrounded by three lips, one dorsal and two ventro-lateral (Fig. 2.3F). 

The dorsal lip has two large papillae and two amphidial pores. Each subventral lip has a 

single large subventral papilla and a smaller lateral papilla. There is also an amphidial 
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pore on each subventral lip. There are numerous dentigerous ridges (denticles) arranged 

in one row on the external margin of each lip. The cervical alae (about 1.68 mm in length 

by 0.13 mm in width) extend some distance from the anterior extremity along the lateral 

margins (Fig. 2.3G). They are narrow, much longer than broad, and gradually taper 

posteriorly and anteriorly, giving a spear-shape or lanceolate appearance. There is a 

ventriculus at the posterior end of the esophagus and it distinctly separates the esophagus 

and the intestine (Fig. 2.4A). The vulva of the female worm opens as an oval transverse 

slit in the body wall (Fig. 2.4B) and is situated ventrally about a quarter of the body 

length from the anterior end. There are two phasmids (Fig. 2.4C), one on each side of the 

tail and each contains a minute pore at the center. The anal pore of the female worm 

opens as a transverse slit (Fig. 2.4D) and the tail tapers gradually to a point. The male 

worm ends with a narrow, digiti-form tail with a finger-like prolongation and has two 

equal sized spicules (about 0.13 mm long) (Fig. 2.4E). The two spicules are winged and 

appear thick and robust.  There is a phasmid on each side of the tail and many papillae 

are arranged in rows with a specific pattern on the tail of the male worm (Fig. 2.4F).   

Two rows of 20-30 precloacal papillae, on each side of the tail of the male worm, are 

arranged in rows on the ventro-lateral surface. A single precloacal median papilla is 

situated near the cloaca. On each side of the digiti-form tail, there are two papillae on the 

ventro-lateral and two papillae on the lateral sides. Female worms are larger in size than 

male worms. Adult female worms measured 13.75 (6.1 – 27.50) cm in length and 0.18 

(0.09 – 0.25) cm in width at the mid-point (Table 2.4). Adult male worms measured 9.09 

(5.6 – 13.1) cm in length and 0.14 (0.06 – 0.20) cm in width at the mid-point (Table 2.5).  

The mean size measurements of adult female worm are larger than those of adult female 
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T. cati and T. leonina worms (Fig. 2.13). Similarly, the size measurements of adult male 

worm are larger than those of adult male T. cat and T. leonina (Fig. 2.14). 

 

Table 2.4. Size measurements of Toxocara canis (Werner, 1782) adult females recovered 

from necropsies of experimentally infected dogs.  

 Mean Range SD N 

Length (cm) 13.75 6.1 – 27.50 4.13 70 

Width (cm) 0.18 0.09 – 0.25 O.04 70 

SD = Standard deviation, N = Number 

 

Table 2.5. Size measurements of Toxocara canis (Werner, 1782) adult males recovered 

from necropsies of experimentally infected dogs. 

 Mean Range SD N 

Length (cm) 9.09 5.6 – 13.10 2.08 120 

Width (cm) 0.14 0.06 – 0.20 0.03 120 

SD = Standard deviation, N = Number 
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Figure 2.3. Light micrographs (A, B, E) and scanning electron micrographs (C, D, F, G) 

of Toxocara canis (Werner, 1782). 

A. Non-embryonated egg showing the ovum and the corrugated egg shell. Scale bar: 

20 µm. 

B. Embryonated egg showing a second-stage larva within the egg. Scale bar: 20 

C. Egg showing surface pits and ridges. Scale bar: 10 µm. 

D. A second-stage larva escaping from an egg. Scale bar: 10 µm. 

E. A second-stage larva recovered from an embryonated egg. Scale bar: 10 µm 

F. Mouth of an adult worm showing a dorsal and two ventro-lateral lips and papillae 

on the lips. Scale bar: 100 µm. 

G. Anterior body of an adult worm showing spear-shaped cervical alae. Scale bar: 1 

mm. 
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Figure 2.4. Light micrograph (A) and scanning electron micrographs (B, C, D, E, F) of 

adult Toxocara canis (Werner, 1782) . 

A. Anterior parts of the gastrointestinal tract of an adult worm showing the 

esophagus (e), ventriculus (v), and intestine (i). 120X.  

B. Vulva of adult female worm. Scale bar: 10 µm. 

C. Tail of a female worm showing a phasmid (arrows) on each ventro-lateral side.          

Scale bar: 100 µm. 

D. Tail of a female worm showing the anal opening and the tapering of the tail to a 

point. Scale bar: 100 µm. 

E. The digiti-form tail of an adult male and its two spicules. Scale bar: 100 µm. 

F. Tail of an adult male worm showing a median precloacal papilla (arrow) and the 

arrangement of caudal papillae. Scale bar: 100 µm. 
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2.4.2 Toxocara cati (Schrank, 1788) 

Eggs 

Eggs are more or less spherical in shape (Fig. 2.5A-C) but usually colourless and smaller 

in size than the eggs of T. canis. When observed under the light microscope, the egg has a 

corrugated egg shell and it appears to be slightly thinner than that of T. canis (Fig. 2.5A 

& B). When observed under the scanning electron microscope (Fig. 2.5C), the pits and 

ridges of the egg surface look smaller and more numerous in number than in the eggs of 

T. canis. In unembryonated eggs, the contents of the ovum fill the egg (Fig. 2.5A). In 

embryonated eggs, the second-stage larvae were clearly seen (Fig. 2.5B). Under light 

microscopic examination, a larva was observed hatching from an egg (Fig. 2.5D). The 

surface of the egg shell was examined for the presence of an operculum at the point 

where the larva escaped, and there was no structure indicating the presence of an 

operculum. Size measurements were done for 50 eggs. The eggs measured 73.07 (range 

63.01 – 84.53) µm in length and 59.46 (range 53.20 – 72.26) µm in width (Table 2.6).  

 

Table 2.6. Size measurements of Toxocara cati (Schrank, 1788) eggs.  

 Mean Range SD N 

Length (µm) 73.07 63.01 – 84.53 4.82 50 

Width (µm) 59.46 53.20 – 72.26 3.89 50 

SD = Standard deviation, N = Number 
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Second-stage larva 

The second-stage larva of T. cati, hatched from the egg (Fig. 2.5D) or released from the 

tissues of infected mice (Fig. 2.5E) is robust in shape and move vigorously.  The second-

stage larva released from the egg lies within the cuticular sheath of the first-stage larva 

and the cuticular sheath may be seen extending from the anterior and/or from the 

posterior end (Fig. 2.5D). The mouth is found anteriorly and directed towards the dorsal 

side as in the second-stage larva of T. canis. There are three lips each with a minute 

papilla. The lateral alae extend along almost the whole length of the body except to the 

anterior and posterior portions (Fig. 2.5E). In second-stage larvae released from the egg, 

the esophagus and the ventriculus are mostly indistinctly visible. The granular mass of 

the intestine and primordial anal pore are visible in the posterior part of the body. In some 

second-stage larvae, hatched from eggs and in most second-stage larvae recovered from 

tissues of infected mice, the ventriculus can be seen separating the esophagus and the 

intestine (Fig 2.9B). The primordial anal pore is found ventrally and the tail is usually 

curved and ends abruptly. Second-stage larvae recovered from embryonated eggs 

measured 394.12 (341.07 – 434.98) µm in length and 18.82 (15.03 – 21.44) µm in width 

at the mid-point (Table 2.7), while second-stage larvae recovered from infected mice 

tissues measured 389.38 (351.40 –425.0) µm in length and 19.0 (16.12 – 22.0) µm in 

width at the mid-point (Table 2.8).  
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Table 2.7. Size measurements of T. cati (Schrank, 1788) second-stage larvae recovered 

from embryonated eggs.  

 Mean Range SD N 

Length (µm) 394.12 341.07 – 434.98 22.27 27 

Width (µm) 18.82 15.03 – 21.44 1.66 27 

SD = Standard deviation, N = Number 

 

Table 2.8. Size measurements of Toxocara cati (Schrank, 1788) second-stage larvae 

recovered from tissues of experimentally infected mice.  

 Mean Range SD N 

Length (µm) 389.38 351.40 – 425 22.19 24 

Width (µm) 19.00 16.12 – 22.0 1.64 24 

SD = Standard deviation, N = Number 

 

Adult 

Adult Toxocara cati worms are morphologically closely similar to T. canis. Like T. canis, 

adult T. cati worms (Fig. 2.1B) are also cylindrical in shape and white in color. In both 

sexes, the anterior end bends ventrally. The mouth is situated anteriorly and has three 

lips, one large dorsal and two smaller ventro-lateral lips (Fig. 2.5F). The dorsal lip has 

two large papillae and two amphidial pores. Each ventro-lateral lip has a single large 

papilla, a smaller lateral papilla and an amphidial pore. The dentigerous ridges are 

arranged on the margin of each lip. Unlike T. canis, the adult worms have short and broad 

cervical alae (1.5 mm in length by 0.25 mm in width) that are narrow anteriorly and 
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broad posteriorly giving the anterior tip of the body an appearance of arrow-shaped (Fig. 

2.5F). There is a ventriculus (Fig. 2.6A) between the esophagus and the intestine. The 

vulva of the female which opens as an oval slit, is situated about one-fourth of the body 

length from the anterior end (Fig. 2.6B). The tail of the adult female worm has a paired 

phasmid laterally placed on the ventral side and it tapers gradually to a point (Fig. 2.6C). 

There is also a phasmid on each side of the tail of the male worm. The male worm, like T. 

canis has a digiti-form tail which bends to the ventral side (Fig. 2.6D). There are two 

equal sized winged spicules (Fig. 2.6D).  They are longer (about 0.4 mm long) in size 

than the spicules of T. canis, look delicate and many of them were seen broken (Fig. 

2.6E). In the male worm, 19 – 20 precloacal papillae, a single precloacal median papilla 

and 10 postcloacal papillae are arranged with a specific pattern (Fig. 2.6F) as in T. canis. 

Immediately posterior to the cloaca, a pair of papillae situated ventro-laterally; on each 

side of the digiti-form tail, as well as a pair of ventro-lateral and lateral papillae. Adult 

female worms measured 9.10 (5.80 – 11.70) cm in length and 0.14 (0.09 – 0.18) cm in 

width at the mid-point (Table 2.9). Adult male worms measured 6.60 (5.20 – 8.00) cm in 

length and 0.10 (0.07 – 0.13) cm in width at the mid-point (Table 2.10).  

 

 

 

 

 

 



 33 

Table 2.9. Size measurements of Toxocara cati (Schrank, 1788) adult females recovered 

from necropsies of experimentally infected cats.  

 Mean Range SD N 

Length (cm) 9.10 5.80 – 11.70 1.67 34 

Width (cm) 0.14 0.09 – 0.18 0.025 34 

SD = Standard deviation, N = Number 

 

Table 2.10 Size measurements of Toxocara cati (Schrank, 1788) adult males recovered 

from necropsies of experimentally infected cats.  

 Mean Range SD N 

Length (cm) 6.60 5.20 – 8.00 0.68 41 

Width (cm) 0.11 0.07 – 0.13 0.014 41 

SD = Standard deviation, N = Number 
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Figure 2.5. Light micrographs (A, B, D) and scanning electron micrographs (C, E, F) of 

Toxocara cati (Schrank, 1788). 

A. Non-embryonated egg showing the ovum and corrugated egg shell. Scale bar: 16 µm. 

B. Embryonated egg showing a second-stage larva within the egg. Scale bar: 15µm. 

C. An egg showing surface pits and ridges. Scale bar: 10 µm. 

D. A second-stage larva hatching from an egg. Scale bar: 1 µm. 

E. A second-stage larva from the tissues of an infected mouse showing the lateral alae 

along the longitudinal margins. Scale bar: 10 µm. 

F. The anterior portion of an adult worm showing the three lips and arrow-shaped cervical 

alae. Scale bar: 100µm. 
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Figure 2.6. Light micrograph (A) and scanning electron micrographs (B, C, D, E, F) of 

adult Toxocara cati (Schrank, 1788). 

A. Gastrointestinal tract of an adult worm showing the esophagus (e), ventriculus (v), 

and intestine (i).  120X. 

B. Vulva of adult female worm. Scale bar: 100 µm. 

C. Anal opening and tapering tail of a female worm. Scale bar: 100 µm. 

D. The digiti-form tail and two spicules of a male worm. Scale bar: 100 µm. 

E. Tail of a male worm of which one of the pair of spicules is completely broken off.                    

Scale bar: 100 µm. 

F. Tail of a male worm showing the presence of a median papilla (arrow) anterior to 

the cloaca and specific arrangements of postcloacal papillae. Scale bar: 10 µm. 
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2.4.3 Toxascaris leonina (V. Linstow, 1902) 

Eggs 

Toxascaris leonina eggs are usually oval in shape (Fig. 2.7A-C) and colourless. The egg 

shell appears to be thick and has a smooth surface unlike the eggs of Toxocara spp. 

Though light microscopy revealed no egg surface pits or ridges, a wrinkled surface was 

observed under the scanning electron microscope. No operculum was found during 

scanning electron microscopic examination. In the unembryonated egg, the ovum does 

not fill the egg and there is a space between the ovum and egg shell (Fig. 2.7A). The 

second-stage larva of T. leonina was clearly seen in the embryonated egg (2.7B) and was 

motile. A total of 50 eggs were measured. The average size measurement was 88.04 

(range 79.06 – 99.07) µm in length and 70.12 (64.33 – 75.97) µm in width (Table 2.11).  

 

Table 2.11. Size measurements of Toxascaris leonina (V. Linstow, 1902) eggs.   

 Mean Range SD N 

Length (µm) 88.04 79.06 – 99.07 4.33 50 

Width (µm) 70.12 64.33 – 75.97 2.74 50 

SD = Standard deviation, N = Number 

 

Larval stages 

The second-stage larvae of T. leonina released from the eggs are stumpy in appearance 

(Fig. 2.7D) and were smaller than those of the second-stage larvae of T. canis and T. cati 

(Fig. 2.11). Second-stage larvae recovered from embryonated eggs (Fig. 2.7D) are 

smaller in size than those larvae recovered from the tissues of infected mice (Fig. 2.7E). 
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Larvae recovered from the eggs and from the tissues of infected mice moved less 

vigorously than those of T. canis and T. cati, usually lying straight.  The body is covered 

with a sheath. The anterior part of the body is wider and gradually tapers posteriorly. The 

mouth has three lips that are more distinct in larvae recovered from the tissues of infected 

mice (Fig. 2.9C). Minute papillae could be seen on each lip and the elongation of the lips 

results in a prolongation of the anterior body of the larva. The lateral alae extend along 

almost the whole length of the body. The esophagus, intestine and anal pore are more 

distinct in larvae recovered from tissues of infected mice (Fig. 2.7E and Fig. 2.9C) than 

in those recovered from the eggs (Fig. 2.8D). The ventriculus between the esophagus and 

the intestine was seen in none of the second-stage larvae released from the eggs or in the 

larvae from the tissues of infected mice. A total of 26 second-stage larvae recovered from 

embryonated eggs measured 234.63 (203.7 – 288.1 µm) µm in length and 18.79 (15.4 – 

22.6 µm) µm in width at the mid-point (Table 2.12), while 29 larval stages recovered 

from the tissues of infected mice measured 648.73 (434.59 – 790.78) µm in length and 

30.55 (24.50 – 37.78) µm in width at the mid-point (Table 2.13). Larvae of T. leonina 

recovered from the tissues of infected mice were larger than those of the second-stage 

larvae of T. canis and T. cati recovered from the tissues of infected mice (Fig. 2.12). 

 

Based on the differences in morphological features and size measurements, the larvae 

recovered from the tissues of infected mice were most probably third-stage larvae.   
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Table 2.12. Size measurements of Toxascaris leonina (V. Linstow, 1902) second-stage 

larvae recovered from embryonated eggs.  

 Mean Range SD N 

Length (µm) 234.63 203.7 - 288.7 19.55 26 

Width (µm) 18.79 15.4 – 22.6 1.91 26 

SD = Standard deviation, N = Number 

 

Table 2.13. Size measurements of possibly third-stage larvae Toxascaris leonina (V. 

Linstow, 1902) recovered from tissues of experimentally infected mice.  

 Mean Range SD N 

Length (µm) 648.73 434.59 – 790.78 103.04 29 

Width (µm) 30.55 24.50 – 37.78 3.97 29 

SD = Standard deviation, N = Number 

 

Adult  

Adult T. leonina worms are cylindrical in shape (Fig. 2.1C) and closely similar to the 

adults of Toxocara spp. They are white to pinkish in color and their bodies tend to flex 

dorsally. Like adult Toxocara spp., the mouth is surrounded by three lips, one dorsal and 

two ventro-lateral (Fig. 2.7F). The dorsal lip has two large papillae and two amphidial 

pores. A single large subventral papilla, a smaller lateral papilla and an amphidial pore 

are present on each subventral lip. The papillae and amphidial pores are seen distinctly 

during scanning electron microscopic examination (Fig. 2.7F). There are numerous 

dentigerous ridges arranged in a row on the external margins of each lip. Like T. canis, 
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adult worms have long and narrow cervical alae (about 1.64 mm in length by 0.1 mm in 

width) that taper gradually anteriorly and posteriorly into the body giving the body a 

spear-shaped appearance (Fig. 2.7G). There is no ventriculus between the esophagus and 

the intestine (Fig. 2.7H), however, the junction between the esophagus and the intestine is 

seen clearly. The vulva of the female worm (Fig. 2.8A) is situated mid-ventrally one-third 

of the body length from the anterior end and a phasmid (Fig. 2.8B) is seen ventro-

laterally on each side of the tail. The tail of the female worm tapers gradually to a point 

(Fig. 2.8C) as does the tail of the male worm (Fig. 2.8D). It is not digiti-form as in 

Toxocara spp. males. There are 25 to 32 pairs of ventro-laterally placed precloacal 

papillae, two pairs of papillae on each side of the cloaca and five postcloacal papillae on 

each side of the tail of the adult male worm (Fig. 2.8E). The positional arrangements of 

the postcloacal papillae are very specific. As shown in Figure 2.8F, the sequential 

arrangements of the papillae from the cloaca to the posterior end of the tail are; a pair of 

papillae on each side of the cloaca, a pair of postcloaca lateral papillae on each side of the 

tail, a subventral papilla on each side of the tail, and two papillae on each side of the tail 

that divert towards the subdorsal side.  A phasmid is present on each side of the tail. A 

median precloacal papilla and caudal alae were not observed in the adult male worms. 

Adult female worms measured 8.38 (5.20 – 11.10) cm in length and 0.16 (0.12 – 0.22) 

cm in width at the mid-point (Table 2.14). The male adult worms measured 6.18 (4.50 – 

7.20) cm in length and 0.14 (0.12 – 0.16) cm in width at the mid-point (Table 2.15). The 

mean size measurement of the adult male worm is larger than the mean sizes of adult 

male T. cati and T. leonina (Fig. 2.14). The morphological similarities and differences 
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between the eggs, larvae and adult T. canis, T. cati and T. leonina are summarized in 

Table 2.16.  

 

Table 2.14. Size measurements of Toxascaris leonina (V. Linstow, 1902) adult females 

recovered from necropsies of experimentally infected dogs.  

 Mean Range SD N 

Length (cm) 8.39 5.20 – 11.10 1.32 20 

Width (cm) 0.16 0.12 – 0.22 3.04 20 

SD = Standard deviation, N = Number 

 

Table 2.15. Size measurements of Toxascaris leonina (V. Linstow, 1902) adult males 

recovered from necropsies of experimentally infected dogs. 

 Mean Range SD N 

Length (cm) 6.18 4.50 – 7.20 0.88 12 

Width (cm) 0.14 0.12 – 0.16 0.13 12 

SD = Standard deviation, N = Number 

 

 

 

 

 

 

 



 43 

 

 

 

Figure 2.7. Light micrographs (A, B, D, E, H) and scanning electron micrographs (C, F, 

G) of Toxascaris leonina (V. Linstow, 1902).  

A. Non-embryonated egg showing the ovum and smooth egg shell. 15 µm.. 

B. Embryonated egg showing a second-stage larva inside in the egg. 14 µm. 

C. Egg with a wrinkled surface and absence of pits and ridges. Scale bar: 10 µm. 

D. A second-stage larva recovered from an embryonated egg. Scale bar: 15 µm. 

E. A second-stage larva recovered from the tissues of an infected mouse. Scale bar: 

21µm. 

F. Mouth of an adult worm showing a dorsal and two ventro-lateral lips and papillae 

on the lips. Scale bar: 10 µm. 

G. Anterior body region of an adult worm showing spear-shaped cervical alae.       

Scale bar: 100 µm. 

H. Gastrointestinal tract of an adult worm showing the esophagus (e), intestine (i) 

and absence of a ventriculus. Scale bar: 120X. 

 

 

 

 

 

 



 44 

 



 45 

 

Figure 2.8. Scanning electron micrographs of Toxascaris leonina (V. Linstow, 1902). 

A. Vulva of adult female worm showing an egg being laid. Scale bar: 10 µm. 

B. A phasmid (arrow) on the lateral side of the tail of an adult female worm. Scale 

bar: 10 µm. 

C. Anal opening and tapering tail of a female worm. Scale bar: 100 µm. 

D. Tail of a male worm showing the gradual tapering of the tail to a point.          

Scale bar: 100 µm. 

E. Tail of a male worm showing arrangement of precloacal and postcloacal papillae.    

Scale bar: 100 µm. 

F. Tail of an adult male worm showing the arrangement of postcloacal papillae. 

Scale bar: 100 µm. 
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Figure 2.9. Microscope projection drawings of the anterior and posterior body parts of 

Toxocara canis (Werner, 1782) (A), Toxocara cati (Schrank, 1788) (B) and Toxascaris 

leonina (V. Linstow, 1902) (C) larvae recovered from tissues of infected mice.  a = anal 

pore, e = esophagus, i = intestine, l = lip, nr = nerve ring, t= tail, v = ventriculus.  Scale 

bar: A = 17 10µm; B and C = 19 µm. 
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Figure 2.10. Mean size measurements of Toxocara canis (Werner, 1782), Toxocara cati 

(Schrank, 1788), and Toxascaris leonina (V. Linstow, 1902) eggs.  
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Figure 2.11. Mean size measurements of Toxocara canis (Werner, 1782), Toxocara cati 

(Schrank, 1788) and Toxascaris leonina (V. Linstow, 1902) larvae recovered from 

embryonated eggs. 
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Figure 2.12. Mean size measurements of Toxocara canis (Werner, 1782), Toxocara cati 

(Schrank, 1788) and Toxascaris leonina (V. Linstow, 1902) larvae recovered from tissues 

of infected mice. 
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Figure 2.13. Mean size measurements of Toxocara canis (Werner, 1782), Toxocara cati 

(Schrank, 1788) and Toxascaris leonina (V. Linstow, 1902) adult female worms. 
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Figure 2.14. Mean size measurements of Toxocara canis (Werner, 1782), Toxocara cati 

(Schrank, 1788) and Toxascaris leonina (V. Linstow, 1902) adult male worms. 
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Table 2.16. Morphological features of the developmental stages of Toxocara canis 

(Werner, 1782), Toxocara cati (Schrank, 1788) and Toxascaris leonina (V. Linstow, 

1902).  

Developmental 

stage 

Toxocara canis Toxocara cati Toxascaris leonina Remarks 

Eggs More or less 

spherical 

More or less 

spherical 

Usually oval  

Thick and 

corrugated eggshell 

Thin and 

corrugated 

eggshell 

Smooth eggshell  

Coarse and large 

egg pits and ridges 

Fine and small 

egg pits and 

ridges 

Has no egg pits and 

ridges 

 

83.54 x 73.43 µm 73.07 x 59.46 µm 88.04 x 70.12 µm  

Larvae Vigorously motile Vigorously motile Less vigorously 

motile 

 

Adults Ventrally curved 

anteriorly 

Ventrally curved 

anteriorly 

Dorsally curved 

anteriorly 

 

Spear-shaped 

cervical alae 

 Arrow-shaped 

cervical alae 

Spear-shaped cervical 

alae 

 

Has esophageal 

ventriculation 

Has esophageal 

ventriculation 

Has no esophageal 

ventriculation 
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Female 13.75 x 0.19 cm 9.10 x 0.14 cm 8.39 x 0.16 cm  

Vulva in the 

anterior quarter 

of the body 

Vulva in the 

anterior quarter of 

the body 

Vulva in the anterior 

quarter of the body 

 

male 9.09 x 0.14 cm 6.60 x 0.10 cm 6.18 x 0.14 cm  

Digti-form tail Digti-form tail Tail gradually 

tapering to a point 

Has specific 

pattern of 

arrangement 

20-30 pairs of 

precloacal papilla 

and 5 pairs of 

postcloacal 

papillae  

19-20 precloacal 

papillae and five 

pairs postcloacal 

papillae 

25-32 precloacal 

papillae and 5 pairs 

of postcloacal 

papillae 

 

Has a precloacal 

median papilla 

Has a precloacal 

median papilla 

Has no precloacal 

median papilla 

 

Has two thicker, 

winged spicules 

Has two more 

delicate, winged 

spicules 

Not seen in this study  
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2.5 DISCUSSION AND CONCLUSIONS  

Eggs 

When observed under light microscopy, the eggs of T. canis and T. cati are very similar 

in their morphological features.  However, it has been observed that most eggs of T. cati 

are smaller, finely pitted and have a thinner eggshell than the eggs of T. canis.  This 

observation was in agreement with Schantz and Glickman (1978) and Urquhart et al. 

(1989) who described the eggshell of T. canis as thick and pitted or corrugated. 

 

Though both T. canis and T. cati eggs have surface pittations that are not clearly observed 

under light microscopy, scanning electron microscopic examinations revealed the 

differences in the surface pits and ridges of the eggs. Eggs of T. canis have coarse, large, 

deep surface depressions and ridges whereas those of T. cati have fine, smaller, and 

numerous pits.  This observation is consistent with the description of Ubelaker and 

Allison (1975), Uga, Matsuo, Kimura, Rai, Koshino and Igarashi (2000), and Overgaaw 

and Boersema (1998a and 1998b). According to Ubelaker and Allison (1975), the 

depressions of the surface pits of the eggs of T. canis appear large and craterlike whereas 

they are smaller and cavelike in T. cati.   

 

In the present study, it was found that T. canis eggs (83.55 µm by 73.43 µm) were on 

average slightly larger than those of T. cati (73.07 by 56.5 µm).  Similar egg-size 

descriptions were given by Olsen (1974), Schantz and Glickman (1978), Soulsby (1982) 

and Kassai (1999).  However, some T. cati eggs were found to overlap with the size 

ranges of T. canis eggs and a similar observation was also reported by Uga et al. (1996). 
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It is therefore, difficult to distinguish between eggs of T. canis and T. cati based on their 

size alone. 

 

Unlike the eggs of T. canis and T. cati, the eggs of T. leonina are morphologically distinct 

using both light and scanning electron microscopy. The eggs are slightly oval in shape, 

larger in size than those of Toxocara spp. and have a smooth surface.  These 

morphological differences make it easy to distinguish T. leonina eggs from those of 

Toxocara spp., in mixed infection of domestic pets. 

 

Larval stages 

Second-stage larvae of T. canis released from embryonated eggs were morphologically 

similar to the second-stage larvae recovered from the tissues of infected mice. This 

observation was in agreement with Beaver et al. (1952), Nichols (1956) and Sprent 

(1958) who reported that second-stage larvae recovered from infected mice were 

indistinguishable from the infective second-stage larvae recovered from the eggs. 

  

The size of T. canis second stage larvae recovered from embryonated eggs was somewhat 

smaller (average: 382.98 by 20.38 µm) than the size of second stage larvae (average: 

415.24 by 22.39 µm) recovered from tissues of infected mice. However, there is no 

difference in the ranges of the maximum size measurement as they are nearly equal. This 

indicates that there was no growth of the second stage larvae while in the tissues of mice. 

The reason for the large difference in the minimum size measurements of the larval 

stages released from eggs and those from the tissues of infected mice was not clear. All 
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larval stages released from the eggs were considered to be second-stage larvae, however, 

of these could still have been first-stage larvae when released.    

 

Size measurements of second-stage T. canis larvae released from eggs were reported as 

404 (360 – 434) µm for larvae expressed from eggs and heat-killed (Nichols 1956), 390 – 

440 µm for larvae expressed from eggs and cleared in glycerin (Sprent 1958) and 375 µm 

x 18 – 22 µm for larvae expressed from eggs and heat killed (Beaver et al. 1952).   

Reported size measurements of second stage larvae from the tissues of mice were 357 - 

445 µm (Nichols 1956), 350 µm x 20 µm (Beaver et al. 1952) and 630 µm x 30 µm (De 

Souza and Nakashima 1995).  Wang et al. (1983) reported a size measurement of 450 µm 

x 20 µm for second-stage larvae recovered from the tissues of human beings. A size 

measurement of 340 – 430 µm was reported for second stage larvae from infected dogs 

cleared in glycerin (Sprent 1958).  

 

In the present study the size measurements of second-stage larvae of T. cati released from 

the eggs were 394.12 µm x 18.82 µm and 389.38 µm x 19.00 µm for larvae from infected 

tissues of mice. This shows that the larvae did not undergo growth in the mouse tissues. 

Sprent (1956) reported a size of 312 – 423 µm for larvae expressed from eggs and heat 

killed, 306 – 458 µm for larvae recovered from mice, and 306 - 459 µm for larvae 

recovered from tissues of cats. Nichols (1956) also reported the size of T. cati second 

stage larvae as 404 µm x 16 µm for larvae expressed from eggs and 394 – 414 µm x 16 

µm for larvae recovered from mouse tissues. 
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According to Nichols (1956), a wide variation in length may occur in larvae of either T. 

canis or T. cati recovered by digestion of tissues from mice or second stage larvae 

pressed from eggs. He suggested that the difference in size of larvae recovered from mice 

resulted not from growth in the tissues but from the inherent variation in size of the 

infective larvae. In the present study, morphological differences between second stage 

larvae of T. canis and T. cati were not observed. Only slight size variations occurred. 

According to Nichols (1956), infective-stages of T. canis and T. cati have an almost 

identical morphology. They differ little from each other, T. cati being slightly smaller and 

its lateral alae somewhat longer (Nichols 1956). 

 

In the present study it was observed that larvae of T. canis and T. cati were more 

vigorously motile than the larvae of T. leonina. In spite of this, it was easier to detect the 

larvae of T. leonina compared to the larvae of T. canis and T. cati recovered from the 

tissues of infected mice under the microscope. When preserved with a fixative (5% 

formol saline), the larvae of T. cati more often became coiled than the larvae of T. canis.        

 

In the present study, size measurements of second-stage larvae of T. leonina from eggs 

were 234.63 µm x 18.79 µm compared to 648.73 x 30.55 µm for those recovered from 

the tissues of infected mice. These size measurements indicated major differences in the 

average, minimum and maximum ranges between second-stage larvae released from the 

eggs and larvae recovered from the tissues of mice. Similar size ranges were reported by 

Sprent (1959). He reported size ranges of 190 – 220 µm for second-stage larvae pressed 

from the eggs, 206 – 700 µm for larvae recovered from tissues of mice infected with the 
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canine strain of T. leonina and 185 - 639 µm for larvae recovered from the tissues of 

mice infected with the feline strain of T. leonina. In addition to size differences between 

larvae from eggs and those from mouse tissues, it has been observed that larvae 

recovered from the tissues of mice have more distinct external and internal morphological 

features than those larvae recovered from the eggs. This observation indicates that the 

larvae of T. leonina might have moulted to third-stage larvae in the tissues of infected 

mice.   

  

Adult worms 

Gross morphological examination has shown that adult worms of T. canis, T. cati and T. 

leonina are similar in general appearance and colour.   However, closer observation 

revealed many differences between the three species. Some of the major differences 

observed in the morphology of adult worms of the three parasites regarded body 

curvature, body length, shape of the cervical alae, presence or absence of esophageal 

ventriculation, position of the vulva in female worms and shape of the tail in male 

worms. 

 

The anterior body of T. canis and T. cati curved ventrally, unlike T. leonina, which was 

bent dorsally. This was in agreement with the description given by Soulsby (1982) and 

Roberts and Janovy (2000). As far as size is concerned, T. canis females were the largest 

worms recovered from domestic pets during necropsy, followed by T. cati and T. leonina 

females. The adult female T. canis has been described as the largest ascarid occurring in 

canines, with size measurements ranging from 10-22 cm (Soulsby 1982; O’Lorcain 
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1994). However, in the present study one adult female of 27.5 cm in length and 0.25 cm 

in width was recovered. This is the largest adult female ascarid worm ever recovered 

from a dog. Size measurements of adult male worms showed that T. canis was again the 

largest (9.09 cm) followed by T. cati (6.09 cm) and T. leonina (6.18 cm). 

 

Toxocara canis and T. cati may be differentiated by means of gross examination of the 

shape of the cervical alae. Those of T. canis are spear-shaped, tapering gradually whereas 

T. cati has arrow-shaped cervical alae with the posterior margins almost at right angles to 

the body (Urquhart et al. 1989).  

 

Since both T. canis and T. leonina infect dogs and both have long and spear-shaped 

cervical alae (Okoshi and Usui 1967a), it was difficult to distinguish the adult worms. 

However, light microscopic examination of the tail of the male worms aids with 

identification as the males of T. canis have a finger-like prolongation at the end of the tail 

which is absent from the gradually tapering tail of T. leonina. Furthermore, the presence 

of a median papilla anterior to the cloaca in males of Toxocara spp. and the arrangement 

of the caudal papillae in males of Toxocara spp. and T. leonina are specific and can be 

used for identification of the species. The presence of a median papilla anterior to the 

cloaca in male T. canis and T. cati has not been reported before. The present study 

revealed this structure for the first time in Toxocara spp. from domestic pets.   

 

It was difficult to differentiate T. canis and T. leonina female worms based on the 

external morphology alone. However, mature female worms were accurately 
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differentiated on the basis of the morphology of their eggs taken from the uterus. Only 

mature female worms can be distinguished in this way (O’Lorcain 1994). According to 

Doganay and Oge (1993), the presence or absence of a ventriculus intercalated between 

the esophagus and intestine is an important criterion in the identification of immature and 

adult T. leonina and T. canis worms. Toxocara species have a distinct ventriculus 

between the esophagus and the intestine, a structure absent in T. leonina (Sprent 1959, 

Sprent and Barrett 1964). Similar observations were reported by Fisher, Murphy and 

Siedek (2002). According to them, T. leonina can be distinguished from Toxocara canis 

primarily by the absence of an esophageal ventriculus. Other features such as the 

appearance of the eggs in the adult female worm and the shape of the male tail were also 

used to confirm the identity of the worms.  

 

In conclusion, whereas eggs and adults of the ascarid species T. canis, T. cati and T. 

leonina can be distinguished without too much difficulty, the developmental stages are 

morphologically closely similar and almost impossible to distinguish.  Factors that can 

contribute towards the differentiation of the larval stages are the source of the 

developmental stages (hosts), as well as detailed morphological studies using a 

combination of light and scanning electron microscopic techniques. This study was 

conducted on developmental stages of ascarids from experimentally infected domestic 

pets. Further studies should be directed towards naturally infected domestic pets, wild 

carnivores and paratenic hosts to determine the extent of possible morphological 

variation among larvae from these natural sources. 
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CHAPTER III 

TRANSPLACENTAL AND TRANSMAMMARY MODES OF TRANSMISSION 

OF TOXOCARA CANIS, TOXOCARA CATI AND TOXASCARIS LEONINA IN A 

PARATENIC HOST 

3.1 ABSTRACT 

Transplacental infection with Toxocara canis (Werner, 1782) and transmammary 

infection with Toxocara cati (Schrank, 1788) are the major routes of transmission in dogs 

and cats, respectively.  Rodents, humans and other animals may act as paratenic hosts.  

The aims of this study were to determine the possible transplacental and transmammary 

transmission of these parasites as well as Toxascaris leonina (V. Linstow, 1902) in mice 

and if transmission occurred, to determine whether an infection acquired before or 

during pregnancy is transmitted. Thirty-four female mice were infected prior to and 18 

during pregnancy.  The infected mice as well as the fetuses and newborns were dissected 

before or after giving birth.  Tissues and organs were digested using artificial gastric 

juice and the larvae were recovered with the aid of a Baermann apparatus.  Larval 

burdens were determined. No larvae were found in the fetuses, placentas or uteri of mice 

infected before pregnancy and dissected before or after giving birth.  Larvae of T. canis 

and T. cati were recovered from newborns and mammary tissues. Larvae of T. canis were 

recovered from the placenta, uteri, mammary tissues and newborns of mice infected 

during pregnancy and dissected before or after giving birth.  Larvae were recovered in 

newborns and mammary tissues of mice infected with T. cati, but no larvae were 

recovered from the placenta, uteri or fetuses.  None of the mice infected with T. leonina 

had larvae in the placenta, uteri, mammary tissues, fetuses or newborns.  This study 
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indicated the possible transplacental transmission in mice infected with T. canis during 

pregnancy, and possible transmammary transmission when infected prior to or during 

pregnancy.  Although possible transmammary transmission of T. cati from infections 

acquired prior to or during pregnancy was observed, there was no evidence for 

transplacental transmission. Neither transplacental nor transmammary transmission was 

observed in mice infected with T. leonina. 

 
Keywords: Toxocara canis, Toxocara cati, Toxascaris leonina, transplacental  

       transmission, transmammary transmission, mice, paratenic host. 
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3.2 INTRODUCTION 

Dogs and other canids are the definitive hosts of Toxocara canis, while cats and other 

felines are the definitive hosts of Toxocara cati  (Dubinsky, Havasiova-reiterova, Petko, 

Hovorka and Tomasovicova 1995). Both dogs and cats are the definitive hosts of 

Toxascaris leonina.  

 

Potential paratenic hosts for T. canis and T. cati include earthworms, cockroaches, mice, 

rats, chickens, birds, pigs and lambs (Sprent 1956 and 1958).  Humans are also 

considered as paratenic hosts for T. canis and T. cati (Glickman and Schantz 1981) while 

mice, chickens and earthworms can act as paratenic hosts for T. leonina (Sprent 1959; 

Okoshi and Usui 1968). 

 

Toxocara canis in dogs and T. cati in cats have complex life cycles. Dogs acquire 

infections of T. canis through ingestion of infective eggs, eating infected meat of 

paratenic hosts, ingestion of larvae in breast milk (transmammary transmission) and/or 

transplacental migration of larvae in pregnant bitches to the fetuses across the placental 

barrier (Glickman and Schantz 1981; Kassai 1999). The transplacental route is the major 

route of transmission of T. canis, ensuring that almost all puppies from infected bitches 

are born infected (Wang et al. 1983; Taylor, O'Connor, Hinson and Smith 1996; 

Overgaauw 1997b). The larvae hatch in young dogs (< 6 months old), penetrate the 

intestinal wall and follow the heart-lung-tracheal migration route to finally develop into 

adult worms in the intestine. The larvae follow a somatic migration in older dogs (> 6 

months old), and do not develop into adult worms (Glickman and Schantz 1981), 
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however, reactivated somatic larvae or larvae from a newly acquired infection may 

undergo tracheal migration and develop into adult worms in pregnant and lactating 

bitches. Reactivated somatic larvae also migrate across the placenta and through the 

breast milk to infect fetuses and newborn puppies. The larvae from fetal infections 

become sexually mature in the intestine of puppies at the age of two to three weeks 

(Soulsby 1982). Infections from paratenic hosts such as mice do not result in the somatic 

migration of the larvae, but the larvae develop directly into adult worms in the intestine 

(Kassai 1999).  

 

Cats get infected with T. cati by ingesting infective eggs, eating infected meat of 

paratenic hosts and/or ingesting larvae through breast milk (Kassai 1999). However, 

unlike T. canis in dogs, there is no transplacental route of transmission of T. cati in cats 

(Sprent 1956; Jacobs, Arakawa, Courtney, Gemmell, McCall, Myers and Vanparijs 

1994).  Transmammary migration of larvae to kittens (Kassai 1999) and eating infected 

meat of paratenic hosts are the major routes of transmission in cats (Dubinsky et al. 

1995). Age resistance to T. cati was not reported in cats and the larvae hatch, penetrate 

the intestinal wall and follow the heart-lung-tracheal migration route to finally develop 

into adult worms in the intestine.  

 

Dogs and cats are infected with T. leonina through the ingestion of infective eggs and 

eating the meat of paratenic hosts containing the larval stages. No migrations of larvae 

occur but the larvae develop into adult worms in the intestine (Soulsby 1982; Kassai 

1999). Toxascaris leonina patent infections are more commonly found in adult dogs and 
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cats (Parsons 1987; Jacobs et al. 1994) and paratenic hosts are considered to be the major 

source of infections (Soulsby 1982; Dubinsky et al. 1995).  Transplacental or 

transmammary transmission to puppies or kittens does not occur in T. leonina (Jacobs et 

al. 1994).  

 

The larvae of T. canis and T. cati have no heart-lung and tracheal migration to develop 

into adult worms in paratenic hosts, such as mice, humans and other animals, but undergo 

somatic migration and remain as larvae in tissues and organs (Glickman and Schantz 

1981). The larvae migrated to the somatic tissues such as the liver, lungs and muscles, but 

did not develop into adult worms in sheep (Aldawek, Levkut, Revajova, Kolodzieyski, 

Seveikova and Dubinsky 2002), rabbits (Dzbenski, Bitkowska and Golab 1999) and mice 

(Sprent 1956 and 1958) experimentally infected with infective eggs of Toxocara spp. 

Small mammals play a significant role as a reservoir of infections in the circulation and 

maintenance of ascarids (Soulsby 1982; Dubinsky et al. 1995), and mice can be used as 

models to study modes of transmissions, and the distribution of larval Toxocara 

infections (Lee, Min and Soh 1976; Hassan and El-Manawaty 1994; Holland and Cox 

2001). 

  

Although the general objective of this study was to demonstrate the possible 

transplacental and transmammary modes of transmission of T. canis in NIH inbred mice 

as model, it also aimed to determine whether transplacental and transmammary 

transmission occurred as a result of the reactivation of larvae from tissues acquired prior 

to pregnancy or from infections acquired during pregnancy. An additional objective of 
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this study was to determine possible transplacental and transmammary modes of 

transmission in T. cati and T. leonina, and assess the distribution of the larval stages of 

the three parasites in the different tissues and organs of infected adult female mice.  

 

This kind of investigation provides opportunity to acquire knowledge on the mode of 

transmission and the life cycle of these parasites. Besides this, an increase in awareness 

of the modes of transmissions and life cycles of these parasites may provide better 

understanding with regard to prevention of infection and control aspects of these 

parasites. 
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3.3 MATERIAL AND METHODS 

3.3.1 Study Areas and Period 

Experimental studies on the transplacental and transmammary mode of transmission of 

Toxocara spp. in laboratory mice was conducted from February to May 2002, in the 

experimental animal unit, Faculty of Medicine and in the department of Zoology and 

Entomology, Faculty of Natural Sciences, University of the Free State, Bloemfontein, 

South Africa.  

 

3.3.2 The Parasites 

Ascarid roundworms of dogs and/or cats, i.e. T. canis, T. cati and T. leonina, were used to 

study the transplacental and the transmammary modes of transmission in a paratenic host 

(mice). Eggs of T. canis, T. cati and T. leonina were collected from the uteri of gravid, 

adult female worms at ClinVet International (Pty) Ltd, Bloemfontein, South Africa.  The 

eggs were stored in 0.05 mol H2SO4 solution as a culture medium (Prof. D.J. Kok, 2001, 

personal communication) in the dark at room temperature and were checked weekly for 

embryonation.  

 

3.2.3 The Research Animals 

3.2.3.1 Type  

 National Institute of Health (NIH) inbred, female, non-pregnant mice were obtained 

from the stock of the Experimental Animal Unit, the Medical Faculty of the University of 

the Free State.  
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3.3.3.2 Maintenance 

The female mice were housed in cages measuring 35cm x 15cm x 13cm and maintained 

in the Experimental Animal Unit (Fig. 3.1). The mice were maintained at constant 

environmental conditions, temperature at 210C + 10C, humidity of 50% + 10% RH and 

day/night cycle at 12 hours light and 12 hours dark.  The cages were kept clean; saw dust, 

renewed weekly, was used as bedding and nesting. The mice were kept in the same room 

after infection with T. canis, T. cati or T. leonina, but in separate cages to avoid possible 

contamination of the environment with the faeces of infected mice and to avoid possible 

cross infections. The mice were fed commercial rodent food and they had free access to 

food and water. The mice were acclimatized to the experimental environment for at least 

seven days before exposure to the infective stages of the parasites.  

 

 

 

Fig 3.1. Mice maintained in cages at the Experimental 

Animal Unit, Free State University.  

 

3.3.4 Ethical considerations 

Consent was obtained from the Ethical Committee of the University of the Free State to 

use mice as an experimental animal model for the demonstration of transplacental and/or 

transmammary transmission of larval stages of T. canis, T. cati and T. leonina. The adult 

female mice were killed by cervical dislocation and the newborns were decapitated. This 
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was done according to accepted standard procedures for the humane killing of laboratory 

animals for experimental purposes. 

  

3.3.5 Experimental design 

The experimental study was divided into two phases. Phase I, as shown in Fig. 3.2, was 

designed to determine the possible transplacental and the transmammary modes of 

transmission from mother to fetus from infections acquired prior to pregnancy, whereas 

phase II was designed to determine the possible transplacental and the transmammary 

modes of transmission from the mother to the fetus from infections acquired during 

pregnancy (Fig. 3.3). Two subgroups of mice, I and II, were used in the two consecutive 

phases of the study. 

 

Although it was planned to infect equal numbers of mice with T. canis, T. cati, or T. 

leonina, equal numbers of mice could not be infected due to the number of eggs available 

at the time of experimental infection. A total number of 52 female mice were used, i.e. 34 

and 18 in subgroups I and II, respectively. In subgroup I, 14 mice were infected with T. 

canis, 14 with T. cati and six with T. leonina. In subgroup II, 10 mice were infected with 

T. canis, six with T. cati and two with T. leonina. Five T. canis, two T. cati and one T. 

leonina infected mice died before results could be obtained from them in study subgroup 

I, while two T. canis and one T. cati infected mice died in subgroup II. The mice that died 

were not considered as part of the “fit for analysis” study populations. 
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Figure. 3.2. Study subgroup I. Chart showing the steps taken in the study of the 

transplacental and the transmammary modes of transmission of Toxocara canis (Werner, 

1782), Toxocara cati (Schrank, 1788) and Toxascaris leonina (V. Linstow, 1902) in mice 

from infections acquired prior to pregnancy.  

Toxocara cati 
n = 14 

Toxascaris leonine 
n = 6 

Toxocara canis 
n = 14 

Non-pregnant female mice, aged 60 days were infected 
with 1000 infective eggs each. 

Adult male mice were introduced for 
mating 

Four, six and three pregnant mice infected 
with T. canis, T. cati and T. leonina, 
respectively, were dissected on the 18th 
gestation day and both the mothers and 
their fetuses were examined for larvae. 

The remaining mice from each 
group gave birth and after four 
days both the mothers and their 
newborns were dissected and 
examined for larvae 

Adult female mice 
n = 34 

Infected with 
 



 72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3. Study subgroup II. Chart showing steps taken in the study of the 

transplacental and the transmammary modes of transmission of Toxocara canis (Werner, 

1782), Toxocara cati (Schrank, 1788) and Toxascaris leonina (V. Linstow, 1902) in mice 

from infections acquired during pregnancy.  

 

The mice became pregnant at about the 
age of 60-65 days 

Toxocara cati 
n = 6 

Toxascaris leonina 
n = 2 

 

Toxocara canis 
n = 10 

 

Four, two and one pregnant mice infected 
with T. canis, T. cati and T. leonina, 
respectively, were dissected on the 18th 
gestation day and both the mothers with 
their fetuses examined for larvae. 

The remaining mice from each 
group gave birth and after four 
days both the mothers and the 
newborns were dissected and 
examined for larvae. 

Adult female mice 
n = 18 

On the 13th day of their gestation period, mice 
were infected with 1000 infective eggs each. 
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3.3.5.1 Infecting Mice   

Mice were each infected with 1000 eggs of one of the parasite species, T. canis, T. cati or 

T. leonina. Fully embryonated eggs were washed repeatedly with distilled water and 

counted under a stereomicroscope. Counted eggs were suspended in 1 ml distilled water 

and the mice were infected orally, once only, using a 1 ml syringe fitted with a specially 

designed round-tipped needle. Female mice were infected at the age of 60 days for the 

study to assess transplacental and transmammary transmission a pre-pregnancy acquired 

infection. A male mouse was introduced to each infected female ten days later. The first 

day of gestation was determined by examination for the presence of a vaginal plug 

(Oshima 1961a). In the study to determine transplacental and transmammary 

transmission from an infection acquired during pregnancy, the female mice at the age of 

60 days were individually caged with a male for mating. The female mice were infected 

on the 13th day after pregnancy was established. 

 

3.3.5.2. Recovery of Larvae  

The larvae of the parasites from the mothers, fetuses and newborns were recovered using 

an artificial gastric juice digestion method. Fetuses or newborns of a mouse were digested 

together as a pool. As the gestation period in mice is at least 19 days, about half of the 

pregnant female mice were dissected on the 18th day before giving birth, to investigate 

the transplacental route of transmission in the fetuses for each parasite species (Fig. 3.4). 

For the investigation of the transmammary transmission of the parasite from the mother 

to the newborn through the breast milk, the newborn mice were allowed to stay with their 

mothers allowing them to breast feed for four days before they were dissected.  The 
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artificial digestive fluid used was 1% pepsin in a hydrochloric acid solution (pH1) (5g 

pepsin, 7ml HCl, and 1000 ml distilled water; Garcia and Ash 1979). The liver, lung, 

heart, kidney, diaphragm, mammary tissues, placenta, uterus, gastrointestinal tissues 

(GIT), carcass (skeleton and muscular tissues) of the mother, whole fetuses and whole 

newborns were separately minced, weighed and placed in an Erlenmeyer flask. The 

digestive fluid was used in the ratio of 1 part tissue to 20 parts fluid and the content was 

incubated overnight at 37oC. The brain was sectioned into small pieces, pressed between 

two slides and microscopically examined for larval stages (Kayes and Oaks 1976; Garcia 

and Ash 1979).  

 

The Baermann procedure (Garcia and Ash 1979; Kassai 1999) was carried out to detect, 

identify and count the total number of larvae from each specimen during 

stereomicroscopic examination of digested tissues. A 20 cm glass funnel closed at the 

bottom with a clamped piece of rubber tubing, a Pasteur pipette attached to its end, was 

fixed to a stand. A circular tea filter was placed in the funnel and on it a circular disc of 

nylon gauze. Warm water (370 C) was added to the digested tissue mixture to triple its 

original volume and poured into the funnel. The setup was left for 1-2 hours for the 

larvae to collect at the bottom, before releasing the pinch clamp to release 2-3 ml of fluid 

into a petridish for examination. All the digested tissue samples were examined by the 

same procedure. In the case of small volumes (e.g. kidney, spleen, heart, diaphragm) the 

whole sample diluted with warm water and examined directly without following the 

Baermann procedure. Particular attention was given to the placenta, uterus and mammary 

tissues of adult female mice.  
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Figure 3.4. A mouse infected with Toxocara canis (Werner, 1782) and dissected before 

giving birth. The 12 live fetuses and two dead fetuses in the uterus (arrow) can be seen. 

 

 

3.3.5.3. Statistical Analysis 

 

Descriptive statistics were used to analyze the data. The percentage recovery rate (PRR) 

of larvae from a mouse expressed in terms of the 1000 infective eggs administered to 

each mouse, the average percentage recovery rate (APRR) of larvae in mice infected 

prior to or during pregnancy and dissected before or after giving birth (Lee et al. 1976), 

mean intensity (MI) and relative density (RD) (Kassai 1999) of infections were calculated 

using the following formulas: 
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3.4 RESULTS 

3.4.1 Transmission 

The number of larvae recovered from T. canis, T. cati or T. leonina infected mice prior to 

or during pregnancy and from their progeny (fetuses and newborns) is summarized in 

Table 3.1. 

 

Toxocara canis (Werner, 1782)  

Four of the nine adult female mice infected with T. canis prior to pregnancy, were 

dissected before giving birth. All were positive and 320 larval stages were recovered 

from their tissues and organs. No larval stages were recovered from their 41 fetuses. Four 

of the remaining five adult female mice that were dissected post partum, were positive 

and a total of 277 larval stages recovered. Three larvae were collectively recovered from 

their 45 newborns. 

  

Four of the eight pregnant mice infected with T. canis during pregnancy, were dissected 

before giving birth. All were positive and 332 larval stages were found in their tissues. 

Fifteen larval stages were collectively recovered from the 49 fetuses. The four female 

mice that were dissected post partum all were positive and 424 larvae were recovered 

from their tissues. Seventeen larvae were collectively recovered from their 47 newborns.  

 

Toxocara cati (Schrank, 1788) 

A total of twelve female mice were infected with T. cati prior to pregnancy. Six of them 

were dissected before giving birth. Of these, five were positive and 152 larvae were 
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recovered. No larval stages were recovered from the 70 fetuses. From the remaining six 

mice, dissected post partum, five were positive and 170 larvae were found in their tissues 

and organs. Only four larvae were recovered from their 41 newborns.  

 

Five female mice were infected with T. cati during pregnancy. Of these, two were 

dissected before giving birth. Both were infected and 149 larvae were recovered. No 

larval stages were recovered from the 27 fetuses. The remaining three mice were 

dissected post partum. All three were positive and 219 larval stages were recovered.  

Eighteen larval stages were recovered from the twenty-eight newborns. 

 

Toxascaris leonina (V. Linstow, 1902) 

Three of the five female mice infected with T. leonina prior to pregnancy were dissected 

before giving birth and two were positive. Sixty-seven larvae were recovered from them. 

None of the 40 fetuses were infected. The remaining two females were dissected post 

partum and one was positive. Forty-one larval stages were recovered. No larval stages 

were found in the 16 newborns.  

 

Two female mice were infected with T. leonina during pregnancy. One mouse was 

dissected before giving birth and 70 larval stages were recovered from it. No larval stages 

were found in its 13 fetuses. Forty-one larvae were recovered in the mouse dissected post 

partum but none was found in the 14 newborns. 
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Table 3.1. Number of larvae recovered from Toxocara canis (Werner, 1782), Toxocara 

cati (Schrank, 1788) and Toxascaris leonina (V. Linstow, 1902) mice infected prior to or 

during pregnancy and dissected before or after giving birth, their fetuses and newborns. 

  Infected prior to pregnancy Infected during pregnancy 

Parasites Source DBGB NLR DAGB NLR DBGB NLR DAGB NLR 

T. canis Adults 4 320 5 277 4 332 4 424 

 Fetuses 41 0 - - 49 15 - - 

 Newborns - - 45 3 - - 47 17 

T. cati Adults 6 152 6 170 2 149 3 219 

 Fetuses 70 0 - - 27 0 - - 

 Newborns - - 41 4 - - 28 18 

T. leonina Adults 3 67 2 41 1 70 1 41 

 Fetuses 40 0 - - 13 0 - - 

 Newborns - - 16 0 - - 14 0 

DAGB = Dissected After Giving Birth 

DBGB = Dissected Before Giving Birth 

NLR = Number of Larvae Recovered 
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3.4.2 Distribution and Recovery Rate of Larvae  

In the study of the possible transplacental and transmammary modes of transmission of T. 

canis, T. cati and T. leonina in mice, the distribution and larval burdens in tissues and 

organs of adult female mice infected prior to or during pregnancy and dissected before or 

after giving birth were also determined and these results are shown in Table 3.2 to Table 

3.7. 

 

Toxocara canis (Werner, 1782) 

A mean intensity of 80.0 larvae per mouse was recovered in four mice that were infected 

with T. canis prior to pregnancy and dissected before giving birth. The highest numbers 

of larvae recovered were in the carcass (45%), followed by the brain (39.1%), mammary 

tissues (7.5%). The lowest numbers were from the diaphragm (0.6%) and kidney (0.6%). 

Four of the five mice infected prior to pregnancy and dissected post partum were 

positive, and a mean intensity of 70.0 larvae were found per mouse. Like those dissected 

before giving birth, many larvae were recovered from the carcass (43.9%), brain (40.7%) 

and mammary tissues (5.7%), and few were recovered from the liver (0.4%). But in this 

case 1.1% of larvae were recovered from the newborns.  Although larvae were recovered 

in the mammary tissues of mice dissected before or after giving birth and in the 

newborns, larvae were not found in the placenta, uterus or fetuses. The average 

percentage recovery rate of larvae from mice infected prior to pregnancy and dissected 

before giving birth was 8.0% (range 6.5 % to 10.5 %). The average percentage recovery 

rate of larvae from mice infected prior to pregnancy and dissected post partum was 7.0% 

(range 5.9 % to 7.8 %) (Table 3.2).  
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Table 3.2. Distribution and percentage recovery rate of Toxocara canis (Werner, 1782) 

larvae in the tissues and organs of mice infected prior to pregnancy and dissected before 

(n = 4) or after (n= 5 of which 4 were positive) giving birth.  

  Dissected before giving birth Dissected after giving birth 

Source A1 A2 A3 A4 Total (%) Mean B1 B2 B3 B4 Total (%) Mean 

Brain 38 28 27 32 125 (39.1) 31.3 29 23 38 24 114 (40.7) 28.5 

Liver 2 1 0 1 4 (1.3) 1.0 0 0 1 0 1 (0.4) 0.3 

Lung 2 3 0 2 7 (2.2) 1.8 3 1 3 2 9 (3.2) 2.3 

Uterus 0 0 0 0 0 0 0 0 0 0 0 0 

Placenta 0 0 0 0 0 0                   Not examined 

Mammary tissues 9 3 7 5 24 (7.5) 6.0 4 5 3 4 16 (5.7) 4.0 

Heart 3 0 1 1 5 (1.6) 1.3 0 1 1 0 2 (0.7) 0.5 

Diaphragm 0 1 0 1 2 (0.6) 0.5 0 2 0 3 5 (1.8) 1.3 

Kidney 0 2 0 0 2 (0.6) 0.5 0 1 2 1 4 (1.4) 1.0 

Carcass 48 27 43 26 144 (45.0) 36.0 32 38 30 23 123 (43.9) 30.8 

GI tissues 3 0 2 2 7 (2.2) 1.8 1 0 0 2 3 (1.1) 0.8 

Fetuses 0 0 0 0 0 0                      Not applicable 

Newborns                      Not applicable 1 2 0 0 3 (1.1) 0.8 

Total 105 65 80 70 320 (100) 80.0 69 71 78 59 280 (100) 70.0 

Recovery rate (%) 10.5 6.5 8.0 7.0   8.0* 6.9 7.1 7.8 5.9   7.0* 

*Average percentage recovery rate  A1-A4 = Mice dissected before giving birth 

B1-B4 = Mice dissected after giving birth GI = Gastrointestinal tissues 
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A mean intensity of 86.8 larvae were recovered from the four adult female mice infected 

with T. canis during pregnancy and dissected before giving birth. Most of the larvae were 

again from the carcass (35.5%), brain (15.6%) and mammary tissues (12.4%). In these 

mice some larvae were also recovered from the uterus (1.7%), placenta (2.8%) and 

fetuses (4.3%). From the four adult female mice infected during pregnancy and dissected 

after giving birth, the mean intensity of larvae was 110.3. Most of the larvae were found 

in the carcass (42.18%), mammary tissues (20.6%) and brain (14.1%). Larvae were also 

collected from the uterus (1.8%) and newborns (3.85%). The average percentage 

recovery rate of T. canis larvae from mice infected during pregnancy and dissected before 

giving birth was 8.7% (range 7.9% to 9.8%). The average percentage recovery rate of 

larvae from mice infected during pregnancy and dissected post partum was 11.0% (range 

9.3% to 12.2 %) (Table 3.3). 

 

 

 

 

 

 

 

 

 



 83 

Table 3.3. Distribution and percentage recovery rate of Toxocara canis (Werner, 1782) 

larvae in the tissues and organs of individual mice infected during pregnancy and 

dissected before (n = 4) or after (n = 4) giving birth.  

  Dissected before giving birth Dissected after giving birth 

Source A1 A2 A3 A4 Total (%) Mean B1 B2 B3 B4 Total (%) Mean 

Brain 19 13 8 14 54 (15.6) 13.5 28 10 15 9 62 (14.1)  15.5 

Liver 5 3 7 0 15 (4.3) 3.8 3 0 1 2 6 (1.4) 1.5 

Lung 3 11 7 9 30 (8.6) 7.5 8 5 6 7 26 (5.9) 6.5 

Uterus 2 0 1 3 6 (1.7) 1.5 1 4 0 3 8 (1.8) 2.0 

Placenta 2 2 3 3 10 (2.9) 2.5               Not examined 

Mammary tissues 15 12 10 6 43 (12.4) 10.8 14 33 17 27 91 (20.6) 22.8 

Heart 3 7 0 1 11 (3.2) 2.8 6 3 4 2 15 (3.4) 3.8 

Diaphragm 0 3 5 1 9 (2.6) 2.3 2 0 3 3 8 (1.8) 2.0 

Kidney 3 6 4 2 15 (4.3) 3.8 3 1 5 2 11 (2.5) 2.8 

Carcass 25 29 32 37 123 (35.4) 30.8 51 49 55 31 186 (42.2) 46.5 

GI tissues 5 8 3 0 16 (4.6) 4.0 4 2 0 5 11 (2.5) 2.8 

Fetuses 3 4 5 3 15 (4.3) 3.8 Not applicable 

Newborns Not applicable 2 6 5 4 17 (3.9) 4.3 

Total 85 98 85 79 347 (100) 86.8 122 113 111 95 441 (100) 110.3 

Recovery rate (%) 8.5 9.8 8.5 7.9   8.7* 12.2 11.3 11.1 9.5   11.0* 

*Average percentage recovery rate   A1-A4 = Mice dissected before giving birth 

B1-B4 = Mice dissected after giving birth GI = Gastrointestinal tissues 

 



 84 

The mean distribution (%) of T. canis larvae in tissues, organs, fetuses and newborns of 

mice infected prior to (n=9 of which 8 were positive) or during (n=8) pregnancy has been 

summarized as shown in Fig. 3.5. Larval stages were commonly observed in the 

carcasses and in the brain. 
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Fig. 3.5. Mean distribution (%) of Toxocara canis (Werner, 1782) larvae in tissues 

organs, fetuses and newborns of mice infected prior to or during pregnancy. GI = 

Gastrointestinal tissues, M. tissues = Mammary tissues. 
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Toxocara cati (Schrank, 1788) 

From a total of six adult female mice infected prior to pregnancy and dissected before 

giving birth, 152 T. cati larvae with a mean intensity of 25.3 were recovered. The highest 

numbers of larvae were recovered in the carcass (71.1%), followed by the mammary 

tissues (11.8%), liver (6.6%), lung (5.26), and lowest numbers were recovered from the 

heart (0.7%). Larvae were not found in the placenta, uterus, fetuses or brain. From the 

five positive mice infected prior to pregnancy and dissected post partum, 174 larvae of T. 

cati with a mean intensity of 34.8 and a relative density of 29.0 were recovered. Most 

larvae were recovered from the carcass (71.8%), mammary tissues (13.5%) and the least 

were recovered from the kidney (0.6%) and the heart (0.6%). Larvae were not recovered 

from the uterus.  The average percentage recovery rate of T. cati larvae from mice 

infected prior to pregnancy and dissected before giving birth was 2.5% (range 0.7% to 

4.7%). The average percentage recovery rate of T. cati larvae from mice infected during 

pregnancy and dissected post partum was 3.5% (range 1% to 4.9 %) (Table 3.4). 
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Table 3.4. Distribution and percentage recovery rate of Toxocara cati (Schrank, 1788) 

larvae in the tissues and organs of mice infected prior to pregnancy and dissected before 

(n= 6) or after (n= 6 of which 5 positive) giving birth.  

  Dissected before giving birth Dissected after giving birth 

Source A1 A2 A3 A4 A5 A6 Total % Mean B1 B2 B3 B4 B5 Total % Mean 

Brain 0 0 0 0 0 0 0 0.0 0.0 0 0 0 0 0 0 0.0 0.0 

Liver 3 1 0 2 2 2 10 6.6 1.7 0 1 3 0 2 6 3.5 1.2 

Lung 3 0 1 2 1 1 8 5.3 1.3 0 0 3 5 3 11 6.5 2.2 

Uterus 0 0 0 0 0 0 0 0.0 0.0 0 0 0 0 0 0 0.0 0.0 

Placenta 0 0 0 0 0 0 0 0.0 0.0 Not examined 

M. Tissues 0 1 0 3 5 9 18 11.8 3.0 0 0 12 3 8 23 13.5 4.6 

Heart 0 0 0 0 0 1 1 0.7 0.2 0 0 0 0 1 1 0.6 0.2 

Diaphragm 0 0 0 2 1 0 3 2.0 0.5 0 0 0 1 2 3 1.8 0.6 

Kidney 0 0 0 0 0 2 2 1.3 0.3 0 0 0 1 0 1 0.6 0.2 

Carcass 8 5 7 27 36 25 108 71.1 18.0 10 15 41 26 30 122 71.8 24.4 

GI tissues 0 0 0 0 2 0 2 1.3 0.3 0 0 0 2 1 3 1.8 0.6 

Fetuses 0 0 0 0 0 0 0 0.0 0.0 Not applicable 

Newborns Not applicable 0 0 0 2 2 4 2.4 0.8 

Total 14 7 8 36 47 40 152 100.0 25.3 10 16 59 40 49 174 102.4 34.8 

R. rate (%) 1.4 0.7 0.8 3.6 4.7 4.0     2.5* 1.0 1.6 5.9 4.0 4.9     3.5* 

*Average percentage recovery rate   A1-A6 = Mice dissected before giving birth, 

B1-B5 = Mice dissected after giving birth GI = Gastrointestinal tissues 

M. tissues = Mammary tissues  R. rate = Recovery rate. 
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In two mice infected with T. cati during pregnancy and dissected before giving birth, 149 

larvae with a mean intensity of 74.5 were recovered. Most of the larvae were from the 

carcass (53.7%), mammary tissues (17.45%), and the least from the heart (1.34%). There 

were no larvae in the uterus, placenta, fetus or brain. From three mice dissected post 

partum, 219 larvae with a mean intensity of 79.0 were recovered. Larvae were recovered 

from the carcass (40.1%), mammary tissues (33.3%) and newborns (7.6%). The lowest 

numbers of larvae were recovered from the heart (1.3%). Larvae were not recovered from 

the uterus. The average percentage recovery rate of T. cati larvae from mice infected 

during pregnancy and dissected before giving birth was 7.5% (range 7.0% to 7.9%). The 

average percentage recovery rate was 7.9% (range 6.4% to 9.0 %) from mice dissected 

post partum (Table 3.5).  
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Table 3.5. Distribution and percent recovery rate of Toxocara cati (Schrank, 1988) larvae 

in the tissues and organs of mice infected during pregnancy and dissected before (n=2) or 

after (n=3) giving birth.  

  Dissected before giving birth Dissected after giving birth 

Source A1 A2 Total (%) Mean B1 B2 B3 Total (%) Mean 

Brain 0 0 0 0 0 0 0 0 0 

Liver 1 7 8 (5.4) 4.0 4 2 2 8 (3.4) 2.7 

Lung 5 8 13 (8.7) 6.5 5 3 4 12 (5.1) 4.0 

Uterus 0 0 0 0 0 0 0 0 0 

Placenta 0 0 0 0 Not examined 

Mammary tissues 20 6 26 (17.4) 13.0 20 19 40 79 (33.3) 26.3 

Heart 0 2 2 (1.3) 1.0 0 1 2 3 (1.3) 1.0 

Diaphragm 0 5 5 (3.4) 2.5 0 2 2 4 (1.7) 1.3 

Kidney 3 0 3 (2.0) 1.5 3 1 0 4 (1.7) 1.3 

Carcass 45 35 80 (53.7) 40.0 45 27 23 95 (40.1) 31.7 

GI tissues 5 7 12 (8.1) 6.0 3 6 5 14 (5.9) 4.7 

Fetuses 0 0 0 0 Not applicable 

Newborns Not applicable 10 3 5 18 (7.6) 6.0 

Total 79 70 149 (100) 74.5 90 64 83 237 (100) 79.0 

Recovery rate (%) 7.9 7.0  7.5* 9.0 6.4 8.3   7.9* 

*Average percentage recovery rate  A1-A2 = Mice dissected before giving birth 

B1-B3 = Mice dissected after giving birth GI = Gastrointestinal tissues. 
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The mean distribution (%) of T. cati larvae in tissues, organs and newborns of mice 

infected prior to (n=12 of which 11 were positive) or during (n=5) pregnancy has been 

summarized as shown in Fig. 3.6. Larval stages were commonly observed in the 

carcasses and mammary tissues. 
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Fig. 3.6. Mean distribution (%) of Toxocara cati (Schrank, 1788) larvae in tissues, organs 

and newborns of mice infected prior to or during pregnancy. GI = Gastrointestinal 

tissues, M. tissues = Mammary tissues 
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Toxascaris leonina (V. Linstow, 1902) 

Sixty-seven larvae with a mean intensity of 33.5 and a relative density of 22.33 were 

recovered from mice infected with T. leonina prior to pregnancy and dissected before 

giving birth. Larvae were recovered from the liver (2.99%), lung (35.82%) and carcass 

(61.19%). Larvae were not recovered from the brain, uterus, placenta, mammary tissues, 

heart, diaphragm, kidney, gastrointestinal tissues, fetuses and newborns. Only one of the 

two mice infected with T. leonina prior to pregnancy and dissected after giving birth, was 

infected and 41 larvae were recovered with a relative density of   20.5. Larvae were 

recovered in the carcass (53.7%), lung (24.4%), gastrointestinal tissue (12.2%) and liver 

(9.8%). Larvae were not recovered from the brain, uterus, placenta, mammary tissues, 

heart, diaphragm, kidney, fetuses or newborns. The average percentage recovery rate of 

T. leonina larvae from mice infected during pregnancy and dissected before giving birth 

was 1.7% (range 2.6% to 4.1%).  The percentage recovery rate from mice dissected post 

partum was 4.1% (Table 3.6). Only two adult female mice were infected during 

pregnancy and one was dissected before giving birth. Seventy larvae were recovered 

from the carcass (54.3%), lungs (17.1%), liver (21%), gastrointestinal tissue (4.3%), heart 

(1.4%) and diaphragm (1.4%). Forty-one larvae were recovered from the carcass 

(43.9%), lungs (24.4%), gastrointestinal tissue (17.1%), liver (12.2%) and kidneys (2.4%) 

of the single mouse dissected post partum. Larvae were not recovered from the brain, 

placenta, uterus, mammary tissues, fetuses and newborns. The percentage recovery rates 

of T. leonina larvae from mice infected during pregnancy and dissected before and after 

giving birth were 7.0% and 4.1% respectively, (Table 3.7).    
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Table 3.6. Distribution of Toxascaris leonina (V. Linstow 1902) larvae in the tissues and 

organs of mice infected prior to pregnancy and dissected before (n=3 of which 2 were 

positive) or after (n=2 of which one was positive) giving birth. 

 Dissected before giving birth  Dissected after giving birth 

Source A1 A2 Total (%) Mean B1 % Total 

Brain 0 0 0 0 0 0 

Liver 0 2 2 (3.0) 1.00 4 9.8 

Lung 8 16 24 (35.8) 12.00 10 24.4 

Uterus 0 0 0 0 0 0 

Placenta 0 0 0 0 Not examined 

M. tissues 0 0 0 0 0 0 

Heart 0 0 0 0 0 0 

Diaphragm 0 0 0 0 0 0 

Kidney 0 0 0 0 0 0 

Carcass 33 8 41 (61.2) 20.50 22 53.7 

GI tissues 0 0 0 0 5 12.2 

Fetuses 0 0 0 0 Not applicable 

Newborns Not applicable 0 0 

Total 41 26 67 (100) 33.50 41 100.0 

Recovery rate (%) 4.1 2.6   1.7* 4.1*  

*Average percentage recovery rate A1-A2 = Mice dissected before giving birth  

B1 = Mice dissected after giving birth  GI = Gastrointestinal tissues 

M. tissues = Mammary tissues 
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Table 3.7. Distribution of Toxascaris leonina (V. Linstow 1902), larvae in tissues and 

organs of mice infected during pregnancy and dissected before (n=1) or after (n=1) 

giving birth. 

  Dissected before giving birth Dissected after giving birth 

Source A % Total B % Total 

Brain 0 0 0 0 

Liver 15 21.4 5 12.2 

Lung 12 17.1 10 24.4 

Uterus 0 0 0 0 

Placenta 0 0 Not examined 

M. tissues 0 0 0 0 

Heart 1 1.4 0 0.0 

Diaphragm 1 1.4 0 0.0 

Kidney 0 0.0 1 2.4 

Carcass 38 54.3 18 43.9 

GI tissues 3 4.3 7 17.1 

Fetuses 0 0 Not applicable 

Newborns Not applicable   

Total 70 100.0 41 100.0 

Recovery rate (%) 7.0   4.1   

A = Mice dissected before giving birth B = Mice dissected after giving birth 

GI = Gastrointestinal tissues   M. tissues  = Mammary tissues 
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The mean distribution (%) of T. leonina larvae in tissues and organs of mice infected 

prior to (n=5 of which 3 were positive) or during (n=2) pregnancy has been summarized 

as shown in Fig. 3.7. Larval stages were commonly observed in the carcasses, lung and 

liver. 

 

0

5

10

15

20

25

30

35

40

45

50

55

60

65

Brai
n

Live
r

Lun
g

ute
rus

Plac
en

ta

M. ti
ssu

es
Hear

t

Diap
hra

gm

Kidn
ey

Carc
ass

GI ti
ssu

es

Fetu
ses

New
bo

rns

M
ea

n 
di

str
ib

ut
io

n 
(%

)  

Prior to pregnancy
During pregnancy

Fig. 3.7. Mean distribution (%) of Toxascaris leonina (V. Linstow, 1902) larvae in organs 

and tissues of mice infected prior to or during pregnancy. GI = Gastrointestinal tissues, 

M. tissues = Mammary tissues. 

 

 

 



 94 

3.5 DISCUSSION and CONCLUSIONS  

3.5.1 Transmission 

Using NIH inbred mice as a model, the possible transplacental and transmammary 

transmission of T. canis larvae from mother to fetus and newborns were demonstrated in 

the present study. There was, however, a difference in the larval migration pattern in 

mice infected with T. canis prior to or during pregnancy.  

 

Larval stages were not recovered from the uterus, placenta and fetuses in mice infected 

with T. canis prior to pregnancy. Unlike the present study, Lee et al. (1976) found T. 

canis larvae in the uterus of pregnant mice infected one week prior to pregnancy. None 

were, however, found in the placenta or fetuses, corresponding to the findings of the 

present study. Larval stages were recovered from the newborns in the present study, and 

this transfer of larvae was the result of transmammary transmission through breast milk, 

as larval stages were recovered in the mammary tissues of the infected mice. 

 

Larval stages were recovered from the uterus, placenta, fetuses, newborns and mammary 

tissue in mice infected with T. canis during pregnancy. This was in agreement with the 

results of Lee et al. (1976), who infected mice with T. canis during pregnancy with the 

same number of infective eggs as used in the present study, and they recovered larvae of 

T. canis from the fetuses, uterus and placenta of mice dissected prior to giving birth. 

Tomasovicova, Havasiova-reiterova, Dubinsky and Hovorka (1993) also infected 

pregnant mice with 1000 infective eggs of T. canis each, and reported the intrauterine and 

lactogenic transfer of T. canis larvae. Hence, transplacental transmission of T. canis 
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larvae occurs only if mice are infected during pregnancy. The recovery of T. canis larvae 

form the mammary tissues of mice infected prior to or during pregnancy and in the 

newborns suggests that there can be transmammary transmission of T. canis larvae 

whether infection is acquired prior to or during pregnancy. 

 

In the present study, larvae were not recovered from the uterus, placenta and fetuses of 

mice infected with T. cati prior to or during pregnancy indicating the absence of 

intrauterine transmission. However, larval stages were recovered in the mammary tissues 

and newborns of mice infected prior to or during pregnancy. As with T. canis, the 

recovery of T. cati larvae in the mammary tissues and in the newborns indicates 

transmammary transmission of T. cati larvae through breast milk whether infection was 

acquired prior to or during pregnancy. 

 

In the present study, larval stages were not recovered in the fetuses, newborns, placenta, 

uterus and mammary tissue in mice infected with T. leonina prior to or during pregnancy. 

This suggests the absence of transplacental and transmammary transmissions of T. 

leonina larvae in mice. However, contrary to this observation, Karbach and Stoye, in 

1982, reported transmammary transmission of T. leonina in mice experimentally infected 

either prior to or during pregnancy (Parsons 1987). Transmammary and transplacental 

transmissions have not been reported in its definitive hosts (Jacobs et al. 1994 and Kassai 

1999). 
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The most common route of infection with larvae of T. canis in humans is through the 

ingestion of infective eggs and/or infected meat of paratenic hosts. According to Taylor et 

el. (1996) the transplacental route of transmission could be another possible route of 

infection in humans, although there is no direct evidence to support this hypothesis. 

Serological tests would be one way to investigate the possibility of intrauterine 

transmission. Kincekova, Dubinsky and Pirochova (1995) investigated the transmission 

of anti-Toxocara antibodies from mothers to neonates and found that immunoglobulin G 

(IgG) antibodies sometimes persisted in babies for as long as six to nine months after 

birth from anti-Toxocara positive mothers.  The authors considered this as evidence for 

the presence of T. canis larvae in the neonates, transferred from the infected mothers to 

the unborn babies through the transplacental route. Taylor et al. (1996) after conducting a 

series of serological studies, however, concluded that the intrauterine route of infection is 

highly unlikely in humans.  They, nevertheless, did not rule out the possibility of other 

adverse effects, such as miscarriage as a result of new infections during pregnancy. 

 

3.4.2. Larval Distribution 

Larval stages were recovered in most tissues and organs of infected mice. This is in 

agreement with studies conducted by Sprent (1958) and Lee et al. (1976). Relatively low 

numbers of larvae were recovered in the liver and lungs of T. canis infected mice during 

the present study. According to Kayes and Oaks (1976) and Lee et al. (1976), most of the 

larvae of T. canis accumulated in the liver and lungs between 24 to 48 hrs after infection 

from where they gradually migrated to other tissues and organs. The distribution of larvae 
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to the various tissues and organs of infected mice depends on the time gap between 

infection and necropsy (Kayes and Oaks 1976). 

 

 The majority of larvae were recovered in the carcass and brain of T. canis infected mice. 

The accumulation of larvae in the carcass and brain of infected mice may be related to the 

long time gap of six to 33 days between infection and necropsy of these mice (Sprent 

1958 and Lee et al. 1976). The accumulation of larvae in the brain of T. canis infected 

mice might be because of an affinity for the brain (Cox and Holland 1998). According to 

Oshima (1961b), the larval stages recovered in the intestinal wall may have followed the 

tracheal route of migration.  

 

The average numbers of T. canis larvae recovered from mice infected prior to pregnancy 

and dissected before or after giving birth were 80 and 70, respectively. In a similar study 

conducted by Lee et al. (1976), comparable mean numbers of larvae (41.76, range 44.66 

to 47.0) in one-half of the tissues and organs of pregnant mice infected before pregnancy 

and dissected before giving birth were reported. The average numbers of larvae recovered 

in the present study in mice infected during pregnancy and dissected before or after 

giving birth were, however, 86.8 and 110.3, respectively, which were low when 

compared to the average numbers of larvae (175, range 158 – 190) recovered in one-half 

of the tissues and organs of mice infected during pregnancy as reported by Lee et al. 

(1976). The difference in the average recovery of larvae may be related to the number of 

mice used, the way of infecting the mice and recovering the larval stages. Lee et al. 

(1976) used relatively large numbers of female albino mice (35 mice, each subgroup with 
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7 mice) and the mice were infected at various intervals of time during pregnancy (5th, 7th, 

9th, 11th and 13th days of pregnancy). They examined the infected mice daily for 7 days 

beginning 24 hrs after infection. Besides these, the variation in the number of larvae 

recovered from infected mice could arise as a result of irregular inoculations due to the 

stickiness of the eggs, which may have caused an unknown number of them to remain 

attached to the wall of the containers, syringes and needles, and the number of eggs 

passing through the intestine without hatching (Oshima 1961b). 

 

Although no larval stages were recovered from the brain of T. cati infected mice, larvae 

were recovered from most tissues and organs of the infected mice. These larval stages 

were commonly recovered from the carcasses. The results are in agreement with Sprent 

(1956) who infected mice with 5000 infective eggs of T. cati. He recovered larval stages 

from the liver, lungs, kidneys, carcass, stomach and intestinal wall. Unlike the present 

study Sprent (1956) also recovered one to two larval stages in the brain of some of the 

infected mice. He recovered most larvae from the liver and lungs within 24 to 48 hours 

post infection, but there was a gradual decrease in numbers recorded later as most of the 

larvae had migrated to the general tissues and organs of the mice.  

 

In T. leonina infected mice, larval stages were commonly recovered from the carcass, 

lungs and gastrointestinal tissues. According to Dubey (1969) and Sprent (1959), the 

larvae of T. leonina remain in the intestinal epithelium for the first week of infection 

where they develop before migrating to other tissues. Sprent (1952) indicated that larval 

stages of T. leonina were frequently observed in the liver and lungs in the second week of 
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post infection. Dubey (1969) studied the migration and development of T. leonina larvae 

by infecting mice with a dose of 2000 embryonated eggs. He recovered larval stages in 

the lungs, carcass, intestinal wall and intestinal lumen, mesenteric lymph nodes, 

peritoneal cavity, diaphragm, liver and other abdominal organs. He did, however, not find 

larval stages in the brain of infected mice. This is in accordance with the findings of the 

present study. The difference in the numbers of larval stages recovered may have been 

due to different strains of the parasite used or due to the number of eggs given to the mice 

(Dubey 1969), or the migration of the larvae into the intestinal lumen and their 

elimination in the faeces (Sprent 1952).  

 

Transmission through the transplacental or transmammary route in pregnant and lactating 

mice serves to enhance infection possibilities to the offspring contributing to the survival 

of the parasites (Shoop and Corkum 1987).  The transplacental and/or transmammary 

modes of transmission of T. canis and T. cati, combined with the high reproductive 

potential of mice, may serve as the major distribution mechanism of these parasites, 

mainly in areas where rodents (Parsons 1987) are a common source of food for stray 

canids and felines.  

 

In conclusion, based on the outcome of this study, it has been suggested that:  

1. There is transplacental transmission of T. canis larvae only if mice acquire 

infection during pregnancy, not if they are infected before pregnancy. 

2. There is transmammary transmission of T. canis and T. cati larvae in mice 

following infections acquired prior to or during pregnancy,  
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3. There is neither transplacental nor transmammary transmission of larvae in mice 

infected with T.  leonina. 

4. Most of the larvae of T. cati and T. leonina follow the somatic route of migration 

in mice, but some of them may have follow the tracheal route returning to the 

intestine and re-entering the tissues as indicated by Oshima (1961a and 1961b) for 

T. canis.  

This study has also highlighted the possible role of paratenic hosts in the transmission 

of ascarid nematodes to dogs and cats. 
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CHAPTER IV 

TOXASCARIS LEONINA: TRANSMISSION TO THE DEFINITIVE HOSTS 

THROUGH EXPERIMENTALLY INFECTED MICE AS A PARATENIC HOST 

 

4.1 ABSTRACT 

Transmission of Toxascaris leonina (V. Linstow, 1902) to the definitive hosts, mainly 

stray dogs and cats, occurs through the ingestion of infected tissues of paratenic hosts.  

The paratenic host of T. leonina are rodents and they play a significant role as reservoir 

and transmission to the definitive hosts. The aim of this study was to determine the 

transmission of T. leonina to dogs and cats through the tissues of experimentally infected 

mice. Mice were infected with 1000 infective eggs of T. leonina collected from dogs. A 

total of 10 cats and four dogs were fed infected tissues of mice. Eggs and adult worms 

were recovered in faecal samples or in necropsies in all the dogs.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

No eggs or adult worms were, however, recovered in faecal samples in cats that were fed            

infected mice tissue, using the same procedure and mice as in dogs collected and 

examined prior to and after treatment with antihelminthics. This study indicated the 

transmission of T. leonina, originally collected from dogs to dogs and its absence in cats 

infected with the same source. In conclusion, infection could not be established in cats 

through the ingestion of tissues of mice infected with T. leonina collected from dogs.  

Further studies should be conducted to determine cross infection with T. leonina 

collected from cats. Further more, an investigation has to be conducted to determine the 

existence of T. leonina strain variation originating from dogs and cats.  

Keywords: Toxascaris leonina, dogs, cats, paratenic host. 
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4.2 INTRODUCTION 

According to Schantz and Glickman (1978), certain parasitic helminths are capable of 

infecting a variety of mammalian species that are not the definitive hosts. The larvae 

usually do not develop to adult worms but may survive indefinitely in the tissues. The 

transfer of these larval stages from host to host through cannibalism or predation to a 

susceptible host is a common mode of transmission among the helminth parasites of 

carnivores (Beaver, Jung and Cupp 1984).  

 

Toxascaris leonina is one of the most common ascarids of domestic and wild carnivores 

world-wide (Soulsby 1982). Dogs and cats get infected by ingesting embryonated eggs or 

third-stage larvae encapsulated in the tissues of a paratenic host, which may include 

rodents, insects, or small carnivores (Sprent and Barrett 1964). The larvae develop to 

adult worms in the small intestine in the definitive hosts, such as dogs and cats without 

heart-lung-tracheal migration (Olsen 1974; Read and Skorping 1995). Toxascaris leonina 

infection is prevalent in adolescent or adult dogs and cats (Jacobs et al. 1994) due to the 

acquisition of infection through predation of small mammals. This mode of transmission 

is considered the most important source of infection of cats (Reinecke 1983; Yamaguchi, 

MacDonald, Passanisi, Harbour and Hopper 1996) and dogs (Sprent and Barrett 1964; 

Fisher et al. 2002). 

 

When small mammals such as mice get infected with infective eggs of T. leonina, the 

second-stage larvae hatch in the gut and migrate to the various somatic tissues where they 

moult to third-stage larvae. According to Dunn (1978), this is a true indirect life cycle 



 103 

with development occurring in the mouse and he considers the mouse as an intermediate 

host rather than a paratenic host. Intermediate hosts are the main reservoir of T. leonina 

infection and are fully utilized in the life cycle of T. leonina (Sprent 1959). 

 

According to Dubinsky et al. (1995), small mammals serve as a reservoir for T. canis in 

the wild and predation by canids may play an important role in the circulation and 

maintenance of the parasite. He furthermore suggests that small mammals are the most 

important paratenic hosts as the accumulated larvae in their tissues and organs may serve 

as an important factor in the circulation and maintenance of toxocariasis in the biotopes. 

The accumulated larvae could possibly serve as good indicators of environmental 

contamination with Toxocara eggs (Dubinsky et al. 1995). Similarly, heavier T. leonina 

infections in stray cats  (Dubinsky et al. 1995; Overgaauw 1997a) and dogs (Sprent and 

Barrett 1964; Dubinsky et al. 1995) have been attributed to predation of small mammals 

as important food items by these carnivores. O’Sullivan (1997) suggested that stray dogs 

and cats being food scavengers and/or predators, and usually not treated with 

anthelminthics would be expected to harbour a heavier worm burden and a wider range of 

parasites. According to Calvete, Lucientes, Castillo, Estrada, Gracia, Peribanez and 

Ferrer (1998), stray cats represent potential reservoirs of helminthic infection in domestic 

cats, especially in rural areas. 

 
 

Although the genus Toxascaris was originally described by Leiper (1907) from a human 

host, T. leonina has never been recorded again from humans (Sprent and Barrett 1964).  

Hence it is considered to occur in low frequency if at all in visceral larva migrans in 



 104 

humans (Beaver et al. 1984; Roberts and Janovy 2000; Fisher et al. 2002), and studies on 

the life cycle of T. leonina usually do not take into account any human involvement. 

 

In spite of its cosmopolitan distribution and infection of both dogs and cats, many more 

studies were conducted on the prevalence than on the modes of transmission of T. leonina 

to the definitive hosts through infected paratenic hosts. Hence, this study was conducted 

to determine the transmission of T. leonina to the definitive hosts (cats and dogs) through 

experimentally infected mice with T. leonina collected from dogs.  
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4.3 MATERIALS AND METHODS 

4.3.1 Study area and period 

This study was conducted at the Animal Unit and Zoology and Entomology Department, 

University of the Free State, and ClinVet International (Pty) Ltd, Bloemfontein, Republic 

of South Africa, from April to December 2002.  

 
4.3.2 The Parasite 

Adult gravid female T. leonina worms were collected from experimentally infected and 

necropsied dogs. The worms were dissected and eggs were collected from the uteri and 

washed repeatedly with tap-water through sieves of mesh size 250 and 30 µm. The eggs 

were cultured in 0.05 mol H2SO4 and kept in the dark at room temperature to reach the 

infective stage. 

 

4.3.3 Infection of mice  

Ten mice were each infected with 1000 eggs of T. leonina in the first and second 

experiments. The infected mice were maintained as previously described in the section of 

modes of transmission (see Section 3.3.3.2). The larvae were allowed 15 days for 

“growth and development” in the tissues of the mice. The infected mice were dissected 

on the 15th day. Three of the infected mice from each experiment were dissected and the 

various tissues were digested using artificial gastric juice. The Baermann method was 

used to recover and estimate the number of larval stages in the infected mice. The number 

of larvae recovered from an infected mouse ranged from 98 to 122 (average 108). After 

determining the mean number of larvae recovered from an infected mouse, the remaining 
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mice were sacrificed and their tissues individually were, excluding carcasses and skin, 

minced manually. 

 

4.3.4 Infection of dogs and cats 

A total of five cats and two dogs were used in each experiment. The dogs and cats were 

kept separately in closed environments. They were fed on commercial food. All the 

experimental dogs and cats were treated with anthelmintics to remove intestinal parasites 

prior to experimental infection. The dogs and cats were fed minced tissues of mice 

containing third-stage larvae of T. leonina mixed with commercial food (meat or fish) for 

dogs and cats. 

 

4.3.5 Examination of dogs and cats 

Faecal samples of experimental dogs and cats were examined using a saturated salt 

(NaCl) floatation method to determine the presence of eggs of T. leonina from the fifth 

week of infection onwards (Kassai 1999). The prepatent period of T. leonina from 

infection acquired through eating paratenic hosts is 7 – 11 weeks (Kassai 1999). One of 

the dogs in the first experimental group died before results were obtained and it was 

discarded from the study. In the first experiment only faecal examination was done for 

cats, but the remaining dog was euthanasized and adult worms were recovered from the 

intestine. In the second experiment, both dogs and cats were treated with an anthelmintic 

after faecal samples were examined for the eggs of T. leonina and the adult worms 

expelled in the faeces were collected and counted. 
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4.4 RESULTS 

In the first experimental infection of five cats neither eggs nor adult worms were 

recovered in the faecal samples of the infected cats though the cats were observed 

continuously for 90 days. In the second experimental infection of five cats, the second-

stage larvae were allowed to develop to third-stage larvae in the tissues of mice for some 

more days. The faecal samples, however, remained negative for eggs or worms in all five 

infected cats. The cats were also treated with antihelminthics and their faecal samples 

were examined for worms, but none of them were positive for immature or mature adult 

stages.    

 

One of the four dogs that were fed T. leonina infected tissues of mice, died prior to 

investigation for parasites. The faecal samples of the remaining three dogs from the first 

and second experiments were found positive for eggs. The prepatent period for an 

infected dog was recorded as 50 days.  

 

A number of adult worms were also collected from the dogs. One dog in the first 

experimental infection of dogs was euthanasized and 20 female and seven male worms 

were collected. In the second experimental infection of dogs, adult worms were recovered 

after treating them with an anthelmintic. A total number of six adult female and three 

male worms from one and 18 female and 14 male worms were collected from the other 

dog (Table 4.1).  
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Table 4.1. Number of Toxascaris leonina (V. Linstow, 1902) worms recovered from dogs 

infected through infected tissues of experimentally infected mice. 

Dog Male worm recovered Female worm recovered Total 

12 CET 14 18 32 

25 ODT 3 6 9 

CVD 703 7 20 27 

CET, ODT and CVD = Codes given to the dogs that were fed tissues of infected of mice.  
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4.5 DISCUSSION AND CONCLUSIONS 

According to Sprent (1959) and Okoshi and Usui (1968), there are two strains of T. 

leonina, namely a feline strain and canine strain. In the present study, the adult worms 

were originally obtained from infected dogs. This was considered as the canine strain of 

T. leonina although a dog could also be infected by both the feline and canine strains of 

T. leonina (Sprent 1959; Okoshi and Usui 1968).   

 

In spite of the fact that the same batches of eggs were used to infect mice, and the same 

batches of infected mice tissues were fed to cats and dogs, T. leonina eggs and worms 

were recovered from none of the cats after the first and the second experimental 

infections. This finding was in agreement with Sprent (1959) who tried to infect cats by 

feeding them infected tissues of mice. Sprent (1959), however, recovered third-stage 

larvae in the tissues and fourth-stage larvae in the intestines of cats 35 and 49 days after 

feeding them the tissues of mice infected with the canine strain of T. leonina.   

 

Unlike in the present study, Okoshi and Usui (1968) reported infection of cats with the 

canine strain of T. leonina after feeding them infected mouse tissues. The cats were given 

an estimated 100 to 1,000 canine strain larvae in tissues of mice. They recovered eggs in 

faecal samples and adult worms at necropsy performed on the 166th day. They, however, 

suggested that cats might not be a suitable host for the canine strain of T. leonina. 

 
Sprent (1959) and Okoshi and Usui (1968) tried to infect cats by feeding them 

embryonated eggs of the canine strain of T. leonina, but failed and they concluded that 

infection might not establish in cats through the eggs of the canine strain T. leonina.  
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Sprent (1959) reported infection of cats with the feline strain of T. leonina by feeding 

them infected mouse tissues and he recovered larvae at various developmental stages 

from the intestinal wall and intestinal contents. Besides this, both Sprent (1959) and 

Okoshi and Usui (1968) infected cats with infective eggs of the feline strain of T. leonina 

and recovered eggs in the faeces, larvae mainly in the intestinal lumen and intestine wall, 

and adult worms at necropsy.    

 

Unlike the cats that were fed tissues of mice infected with T. leonina, all dogs both in the 

first and second experiments of the present study were found positive for eggs in their 

faecal samples and adult worms were recovered during necropsy or after treatment with 

anthelmintics. This finding was consistent with what Sprent (1959) and Okoshi and Usui 

(1968) found in dogs experimentally infected by feeding them tissues of mice that were 

infected with the canine strain of T. leonina. 

 

Sprent (1959) infected dogs by feeding them eggs of the feline strain of T. leonina and 

recovered fourth-stage larvae and adult worms only in the intestine. He also infected dogs 

with eggs of the canine strain of T. leonina and recovered larval stages in the intestinal 

wall and from the intestinal contents of dogs dissected after 21, 32 and 49 days of 

infection. Similarly, Okoshi and Usui (1968) were able to infect dogs by feeding the 

tissues of mice infected with the canine strain of T. leonina and recovered adult worms.  

 

In the present study nine to 32 adult worms were recovered from dogs infected with T. 

leonina larvae in mouse tissues. Okoshi and Usui (1968) reported 20 - 40 adult worms in 
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dogs dosed with 10, 000 – 50,000 eggs of the canine strain of T. leonina. This low 

recovery of adult worms might be as a result of the expulsion of larvae in the faeces after 

they hatched or the release of larvae from tissues into the intestinal lumen.   

 

Besides domesticated animals, Okoshi and Usui (1968) reported the successful infection 

of dogs with T. leonina eggs obtained from the faeces of a lion. The parasites developed 

to adult worms in the intestines of puppies. They also reported infection of cats with T. 

leonina eggs obtained from the faeces of lion, tiger and cheetah, which developed to adult 

worms in the intestines of the infected cats. 

 

Though T. leonina infects both dogs and cats (Page, Richards, Lewis, Omar & Maizels 

1991), reviewed literature showed that T. leonina is more often reported from dogs than 

from cats. Toxascaris leonina was reported in domestic cats in the London area (Nichol, 

Ball and Snow 1981b), in feral cats in London and Sheffield (Nichol, Ball and Snow 

1981a), in stray cats in the Netherlands (Overgaauw 1997a), in cats in east central Illinois 

(Guterbock and Levine 1977), in wildcats in Greece (Papadopoulos et al. 1997) and in 

feral cats in Taiwan (Lin, Bowman, Jacobson, Barr and Giovengo 1990). Positive cases 

of T. leonina infection have not been recorded in the Republic of South Africa from 

domestic cats  (Baker, Lange, Verster & Van Der Plaat 1989) or from domestic and 

wildcats (Prof. Boomker, J. 2002, personal communication).  However, Dr. V. Schwan, 

Department of Veterinary Tropical Diseases, University of Pretoria, based on his own 

observations, is certain that T. leonina does occur in cats in South Africa (Prof. Dawie. J. 

Kok, 2003, personal communication). 
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The reported prevalence rates elsewhere in the world are usually low, in the range of 

0.2% to 6% (Guterbock and Levine 1977; Nichol et al. 1981a and b; Knaus and Fehler 

1989; Lin et al. 1990; Papadopoulos et al. 1997; Overgaauw 1997a). The highest reported 

prevalence was 25% (n=4) in necropsies of wildcats in Greece (Papadopoulos et al. 1997) 

and 82% in free-ranging farm cats in the United Kingdom (Yamaguchi et al. 1996). 

However, the prevalence rate of 82% reported in the United Kingdom (Yamaguchi et al. 

1996) is questionable as all evidence except those reported by Papadopoulos et al. (1997) 

and Yamaguchi et al. (1996), suggest that T. leonina is less prevalent in cats than in dogs. 

 

In conclusion, infection could not be established in cats fed with the tissues of mice that 

were infected with T. leonina collected from dogs, but dogs were successfully infected 

from the same source. Further studies should be conducted using modern techniques to 

explain: 1. why are cats not infected with T. leonina that originate from dogs?  2. whether 

a T. leonina strain variation exists or whether the parasite is not just well adapted to 

infecting cats? 
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CHAPTER V 

EPIDEMIOLOGY OF TOXOCARA CANIS, TOXOCARA CATI AND  

TOXASCARIS LEONINA IN JIMMA, SOUTHWESTERN ETHIOPIA 

5.1 ABSTRACT 

Toxocara canis (Werner, 1782), Toxocara cati (Schrank, 1788) and Toxascaris leonina 

(V. Linstow, 1902) are roundworms of dogs and/or cats.  The study was conducted to 

determine the epidemiology of these parasites and other intestinal helminths of dogs and 

cats in the Jimma Town, Southwestern Ethiopia.  In a cross-sectional study the following 

samples were investigated using a saturated sugar floatation method: 436 faecal 

droppings of dogs from residential areas, roadsides, open fields and playgrounds; 230 

faecal samples of dogs taken from the rectum; 77 faecal droppings of cats from 

households and residential areas and 242 soil samples from residential areas, roadsides, 

open fields, playgrounds, house dust and dust of dog houses.  It was found that 60.78% of 

faecal samples of dogs from the environment, 78.60% of faecal samples of dogs taken 

from the rectum, 66.23% of faecal droppings of cats and 33.38% of soil samples were 

positive for one or more parasites.  The parasite species identified were Toxocara canis, 

T. cati, Toxascaris leonina, hookworms, Spirocerca lupi (Rudolphi, 1801), Trichuris 

vulpis (Frohlich, 1789), taeniids, Ascaris (Linnaeus, 1758) spp. and/or Strongyloides 

Grassi, 1879 spp.  A relatively high mean egg count of 15.25 with a range of two to 67 

was observed for Toxocara canis in dog faecal droppings collected from the 

environment.  This study indicated the presence of Toxocara canis, T. cati, Toxascaris 

leonina and other helminths in faecal samples of dogs and cats, and soil samples in the 

study area.  Most of the dogs are free-roaming, randomly polluting the environment with 
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their faeces. This combined with the present low standard of living and hygiene in the 

country, contributes to a high risk of zoonotic infection. 

 

Keywords: Epidemiology, faecal examination, prevalence, Toxocara canis,  

     Toxocara cati, Toxascaris leonina, Jimma, Ethiopia.  
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5.2 INTRODUCTION 

Dogs and cats are the two most common domestic pets that live intimately with man and 

have a potential role in the direct or indirect transmission of zoonotic helminth parasites 

to humans (Maetz, Kleinstein, Federico and Wayne 1987; Tan 1997). Toxocara canis, T. 

cati and T. leonina are roundworms of dogs and/or cats (Kassai 1999; Radman et al. 

2000). They are cosmopolitan, mainly prevalent in the tropics and temperate regions 

(Schantz et al. 1980).  

 

It has been estimated that about 4.5 billion of the world’s population is infected with 

helminths  (Roberts and Janovy 2000) and according to the World Health Organization 

(1998), more than one billion people are infected with soil-transmitted helminths. Most of 

these parasitic diseases occur in the tropics where most countries are poor. Parasitic 

helminths of domestic pets have been incriminated as a source of disease in humans and 

animals. Human toxocariasis is an emerging zoonotic disease (Herrmann et al. 1985; 

Robertson, Irwin, Lymbery and Thompson 2000). Toxocara canis infections from dogs 

and T. cati infections from cats are the cause of severe diseases in humans and results in 

economic loss due to the death of the infected animals (Wilcocks and Manson-Bahr 

1978). 

 

The risk of toxocariasis in human populations has been associated with the presence of 

large numbers of dogs in an area or in a community (Mukaratirwa and Taruvinga 1999), 

the prevalence of parasites in domestic pets, defaecation by pets in the environment, the 

level of soil contamination (Glickman and Schantz 1981), fecundity of the female worm, 
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resistance and longevity of the eggs in the environment (Gillespie, Pereira and Ramsey 

1991; Jordan et al. 1993), as well as the standard of hygiene in the human population 

(Thompson et al. 1986). 

 

The prevalence of Toxocara species in domestic pets has been well documented in the 

developed countries, mainly in the USA, Europe, Japan, Asia and Australia. There is, 

however, a lack of information on the incidence or prevalence of toxocariasis in Africa in 

the human population, in the environment and in the definitive hosts (dog and cat) where 

the burden of helminth parasites is a major health problem. 

 

In Ethiopia, little or no information is available on the prevalence of zoonotic parasitic 

diseases in domestic pets. In most parts of Ethiopia, domestic pets are an integral part of 

the household. One or more dogs are kept in the house for the purpose of guarding 

residential areas (security of property), for hunting, or to herd livestock. Large numbers 

of dogs (alone or in groups) are commonly seen roaming and scavenging at abattoirs, 

butcher shops, market places, institutional areas, in residential areas and around 

playgrounds, etc. Many households that cannot properly feed themselves possess two or 

more dogs. People are completely unaware that domestic pets could be the source of 

zoonotic diseases. According to Shimelis (1994), there are no available data that describe 

the numbers, breed types, management system, and health condition of domestic pets in 

Ethiopia. He also underlined that the care and treatment given to domestic pets is by far 

worse than that given to a worn-out shoe, which could be attributed to many factors, 

amongst them religion, traditions and a lack of public awareness.  
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Dogs in Ethiopia are seldom treated for parasitic diseases; most of them are strays, have 

frequent contact with humans and share the same accommodation, and most of them are 

not properly cared for (Shimelis 1994). Although some attention is given to the 

importance of dogs as a source of rabies infections (Fekadu 1982), even the vaccination 

of dogs against rabies is lacking in most parts of the country. Although some studies on 

parasitic helminths of domestic pets have been conducted in Ethiopia (Mersie 1993; 

Achenef, Markos, Feseha, Hibret and Tembely 1999), little have been published and 

there is no proper information on the nature and extent of infection by Toxocara species, 

T. leonina and other parasites of domestic pets, or the role of domestic pets in the 

contamination of the environment, which is considered as the major source of human 

exposure to infections.  

 

Eggs of helminths such as Ascaris (Linnaeus, 1758), Trichuris (Roederer, 1761), 

Toxocara and hookworms are considered significant contaminants of soil in the 

environment (Smith 1998). Soil transmitted helminths are prevalent in Ethiopia, like in 

other developing countries. In Jimma, southwestern Ethiopia where the present study was 

conducted, Ali, Mekete and Wodajo (1999) and Haile, Jira and Mola (1994), reported 

88.2% and 68.4% prevalence of intestinal parasites among students respectively, with a 

high prevalence of Ascaris lumbricoides, hookworms, and Trichuris trichiura. Eggs of 

Ascaris spp. in soil samples from the environment were also reported in Jimma 

(Kefyalew 1998). The degree of contamination of the environment with the faeces of 

domestic pets (Dodge 1980) and humans could be a public health hazard.  
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Given the particular circumstances in relation to domestic pets in Ethiopia, it was 

hypothesized that evidence of a wide range of parasites might be found in faecal and soil 

samples from domestic pets. Proper information on the existence and magnitude of 

parasites of domestic pets can significantly contribute to the planning and management 

for the control and prevention of animal and human parasitic infections. The aim of this 

study was to determine the epidemiology of T. canis, T. cati, and T. leonina, as well as 

and other intestinal parasites in faecal specimens of dogs and cats, and in soil samples 

collected from the environment. The survey was conducted between November 2001 and 

January 2002 in Jimma, Southwestern Ethiopia. Recommendations were forwarded for 

the prevention and control of these parasitic infections in accordance with the outcome of 

the observations. 
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5.3 MATERIAL AND METHODS 

5.3.1 Study area. 

Jimma is located in southwestern Ethiopia, 0700.4’N; 36049’E, at an altitude of 1740 m. It 

is situated 330 km south west of Addis Ababa, the capital city of Ethiopia (Fig. 5.1). 

Jimma has a tropical highland climate characterized by a long wet period, high mean 

annual rainfall of 1538.30 mm and a mean annual temperature of 18.4c C (Gamatchu 

1977).  

 

 

 

  

                   N 

              

 

 

 

 

 

Fig. 5.1. Map of Ethiopia.  Arrow indicating Jimma, Southwestern Ethiopia, where the  

study was conducted.  

 

5.3.2 Study period 

This epidemiological study was conducted between November 2001 and January 2002.   
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5.3.3 Collection of samples 

5.3.3.1 Samples of dog faeces 

Faecal droppings  

A total of 436 faecal droppings of dogs were collected from residential areas, roadsides, 

open fields, and playgrounds. Dog faeces on the soil surface were identified by 

appearance, odour (has stinky smell) or by the presence of hairs. From each faecal 

dropping, a sample of about 2-3 g was collected in a dry, clean and leak-proof, plastic 

stool container. The containers were labeled with code numbers, type of specimen, place 

of collection and date of collection. Faecal specimens were collected far apart from each 

other and the areas were visited only once to avoid sample replications. In some cases pet 

owners were asked to collect faecal samples. 

  

Rectal faecal samples   

A total of 230 faecal samples were collected directly from the rectum of dogs with the aid 

of a specially designed, smooth, hollow, metallic rod with a rounded end and a groove 

about 2 cm long near the rounded end (Fig. 5.2). The metallic rod was oiled and inserted 

gently through the anal opening of a dog to collect about 0.5 to 1.5 g of faecal specimen. 

The specimen was transferred into a labeled container marked with type of specimen, age 

of the dog (Young if < 6 months; Adult if > 6 months), date of collection and 

identification numbers to avoid duplication. Careful attention was given to the collection 

of faecal samples so that each specimen was from a different source.  
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Fig. 5.2. Specially designed, smooth and hollow, metallic rod with a rounded end and a 

groove at one end that was used to collect faecal samples from the rectum of dogs. 

 

6.3.3.2 Samples of cat faeces 

A total of 77 samples of cat faeces were collected only from households and residential 

areas. Approximately 1 to 2.5 g of cat faeces was collected for each sample. It was often 

difficult to collect cat faeces since a cat buries its faeces after defecation. When 

specimens were not collected during a visit, containers were given to the cat owners and 

samples were collected the next day. 

  

5.3.3.3 Soil samples 

 A total of 242 soil samples were collected from residential areas, roadsides, open fields, 

playgrounds and dust from houses and doghouses.  Soil samples from the environment 

were randomly chosen from areas where faecal contamination from dogs and cats could 

be concentrated and where human contact with potentially contaminated soil was most 
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likely. In the case of house dust and dust from doghouses, samples were collected by 

scraping or sweeping the areas (most were not cemented). Great care was taken to avoid 

collection of soil samples containing faeces of dogs, cats or humans. Approximately 10 to 

15 g of soil was collected from the uppermost surface at each location. Samples were 

taken to the laboratory in dry and clean plastic containers. Figure 5.3 shows a typical 

location with dogs and children, where faecal and soil samples were collected. 

 

Fig. 5.3. Faecal samples collected from these dogs were found positive. 

 

5.3.3.4 Ethical issues 

An official letter from the Research and Publication Office of the Jimma University was 

written to the concerned individuals and bodies. The objectives of the study were 

explained to the domestic pet owners. The method used to collect faecal samples from the 

rectum of the dogs was not invasive.  When a domestic pet was diagnosed positive, the 
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owners were informed about the result of laboratory investigations and advised to take 

their pets to the veterinary clinic.   

 

5.3.4 Parasitological laboratory procedures.  

Faecal specimens of dogs and cats, and soil samples brought to the laboratory were 

examined using 40% sucrose solution (400 g sugar and 600ml H2O) as a direct floatation 

technique, and parasite eggs were identified microscopically (Kassai 1999). Positive 

control samples were run periodically to avoid false positive observations. Relative egg 

counts of parasite species were obtained by counting the number of eggs present under 

the coverslip, a non-quantitative method. The laboratory where faecal and soil samples 

were examined is shown in Figure 5.4. 

 

 

Fig. 5.4. Laboratory examination of faecal specimens of dogs, cats and soil samples for 

parasites at Jimma University, in School of Medical Laboratory Technology.  
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5.3.4.1 Dog or cat faeces 

Each faecal sample in the plastic container was thoroughly mixed with the aid of an 

applicator stick.  About 1 g of faecal specimen was transferred to a faecalizer tube. 

Sucrose solution (40%) was added up to a specific mark (indicated with an arrow) and 

the sample was properly mixed with the solution in the faecalizer tube. After tightening 

the porous lid of the faecalizer tube, it was filled to the brim with the sucrose solution. A 

clean coverslip was placed on the meniscus without trapping air beneath it. The 

preparation was left for about 10 to 15 minutes, before the coverslip was lifted, 

transferred to a glass slide and examined for the presence of parasite eggs using a 

compound microscope (10X objective).  Dried or hard faecal samples were soaked in 

sucrose solution for 5 to 10 minutes to soften prior to processing. 

 

6.3.4.2 Soil samples 

The soil samples were passed through a series of five sieves of 1000, 500, 300, 90 and 45 

µm mesh sizes to remove fine dust, stones, grass, sand and other small or larger debris. 

About 3 to 5 g soil samples was taken from the 45 µm sieve and placed in a beaker. To 

each gram of soil sample, 2 ml of dilute sodium hypochlorite (3 parts bleaching fluid to 

10 parts water) was added as a wetting agent before being homogenized (WHO 1967). 

The mixture was homogenized with an applicator stick. About 1 g homogenized wet soil 

sample was transferred into a faecalizer tube. The faecalizer tube was half filled with 

sucrose solution and the sample was mixed, then the tube was filled to the brim. A 

coverslip was placed gently on top of the tube and left for about 10 to 15 minutes. The 

coverslip was then transferred to a glass slide and examined for the presence of parasite 
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eggs using a compound microscope (10X objective). No attempt was made to distinguish 

between T. canis and T. cati eggs as they cannot be distinguished by light microscopy 

(Uga et al. 1996; Ruiz de Ybanez, Garijo and Alonso 2001). 

 

5.3.5 Statistical analyses 

Descriptive statistics and chi-square tests were used for statistical analysis. Prevalence of 

parasites was determined using the following formula (Bland 1987; Kassai 1999): 

 

Prevalence = 100
examined sindividualhost  ofNumber 

spp.  parasite particular a with infected sindividualhost  ofNumber x  
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5.4 RESULTS 

5.4.1 Faecal samples of dogs collected from the environment 

A total of 436 dog faecal samples were collected from the environment. Of these, 208 

(47.71%) were collected in residential areas, 171 (39.22%) along roadsides, 48 (11.01%) 

in open fields and 9 (2.06%) in playgrounds (Table 5.1). Faecal examination, with a non-

quantitative floatation method showed that helminth eggs were present in an average of 

60.78% of the samples. The percentages of the samples containing eggs were closely 

similar for the different locations at which samples were collected, varying between 

55.56% (playgrounds) and 65.38% (residential areas) (Table 5.1).    

 

Although most (47.02%) of the positive samples were for a single parasite species, 

several were positive for two (10.09%), three (3.21%), four (0.23%) or even five (0.23%) 

parasites (Table 5.2). Hookworm eggs were the most abundant occurring in 36.24% of 

the samples. This was followed by T. canis (20.18%), Ascaris sp. (8.49%), S. lupi 

(4.59%), T. vulpis (3.44%), T. leonina (3.44%), taenids (1.38%) and Strongyloides sp. 

(1.15%) (Fig. 5.5). The highest prevalence of T. canis (33.33%; Table 5.3), hookworms 

(45.83%; Table 5.4) and T. leonina (4.33%; Table 5.5) were found in faecal samples 

collected from playgrounds, open fields and residential areas, respectively.  The overall 

average mean egg count was 11.88 (range 2 - 67) eggs per slide. The highest relative egg 

count was for T. canis (15.25).  This was followed by S. lupi (12.80), Ascaris sp. (12.35), 

hookworms (11.02), T. leonina (11.00), Strongyloides sp. (5.80), T. vulpis (5.07) and 

taenids (3.17) (Table 5.6). 
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Table 5.1.Helminth eggs recovered from samples of dog faeces collected in the 

environment. Total number of samples collected = 436. 

      Helminth eggs found 

Site Number (n) % Total Yes % Positive 

Residential areas 208 47.71 136 65.38 

Open fields 48 11.01 27 56.25 

Road sides 171 39.22 97 56.73 

Playgrounds 9 2.06 5 55.56 

Total 436 100.00 265 60.78 

 

 

Table 5.2. Prevalence of single and multiple parasite eggs found in 265* of 436 samples 

of dog faeces collected in the environment. 

Type Samples (n) % Total 

Single infection 205 47.02 

Double infections  44 10.09 

Triple infections 14 3.21 

More than triple infections 2 0.46 

* Number of positive samples. 
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Fig. 5.5. The prevalence of different parasite species identified from eggs in 265* of 436 

samples of dog faeces collected from the environment. (* Some faecal samples contained 

more than one parasite species). 
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Table 5.3. Toxocara canis (Werner, 1782) in samples of dog faeces collected from the 

environment. 

Site  Samples (n)  Positive (n)  % Positive 

Residential areas 208 48 23.08 

Open fields 48 5 10.42 

Road sides 171 32 18.71 

Playgrounds 9 3 33.33 

Total 436 88 20.18 

 

 

Table 5.4. Hookworm eggs in samples of dog faeces collected from the environment. 

Site Samples (n) Positive (n) % Positive 

Residential areas 208 72 34.62 

Open fields 48 22 45.83 

Road sides 171 62 36.26 

Playgrounds 9 2 22.22 

Total 436 158 36.24 
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Table 5.5. Toxascaris leonina (V. Linstow, 1902) eggs in samples of dog faeces collected 

from the environment. 

Site Samples (n) Number % Positive 

Residential areas 208 9 4.33 

Open fields 48 0 0.00 

Road sides 171 6 3.51 

Playgrounds 9 0 0.00 

Total 436 15 3.44 

 

Table 5.6. Relative egg counts of parasite species identified in samples of dog faeces 

collected from the environment. 

Parasite species  Positive (n)* Egg count (%) Range  Mean 

Hookworms 158 1741 (42.62) 2 - 43 11.02 

Toxocara canis 88 1342 (32.85) 2 - 67 15.25 

Ascaris sp. 37 457 (11.19) 3 - 28 12.35 

Spirocerca lupi 20 256 (6.27) 3 - 33 12.80 

Toxascaris leonina 15 165 (4.04) 3 - 22 11.00 

Trichuris vulpis 15 76 (1.86) 2 - 13 5.07 

Strongyloides Sp. 5 29 (0.71) 1 - 16 5.80 

Taenids 6 19 (0.47) 2 - 6 3.17 

Total 344 4085 (100.00) 2 - 67 11.88 

* Some faecal samples contained more than one parasite species. 
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5.4.2 Faecal samples collected from the rectum of dogs 

Of the 230 dogs examined for the presence of parasites in the faecal samples collected 

from the rectum, 181 (78.70%) were positive. The infection rate of young dogs (79.31%) 

was similar to that of adult dogs (77.65%). Similar infection rates were also observed in 

female (79.41%) and male (78.13%) dogs (Table 5.7).   

 

Most dogs (48.70%) were infected with a single parasite species. Some dogs were also 

infected with two (25.22%), three (3.48%) and more than three (1.3%) parasites (Table 

5.8). Hookworm eggs had the highest prevalence of 38.70%. This was followed by T. 

canis (30.87%), T. leonina (6.96%), S. lupi (5.65%), T. vulpis (3.91%), Ascaris sp. 

(3.48%), Strongyloides sp. (2.17%), and the least were taenids  (1.74%) (Fig. 5.6). 

 

As shown in Table 5.9, using the chi-square test, the prevalence of T. canis was 

significantly higher (χ2 = 29.09; P < 0.001, chi-square test) in young dogs (43.45%) than 

in the adult dogs (9.41%). The prevalence of T. canis was significantly higher (χ2 = 

15.07; P < 0.001, chi-square test) in female (44.12%) than in male (20.31%) dogs. The 

prevalence of hookworm eggs was not significant when comparing adult (43.53%) to 

young (35.86%) dogs (χ2 = 1.33; P > 0.05, chi-square test), but the prevalence was 

significantly higher in female (40.20%) than in male dogs (37.50%) dogs (χ2 = 17.96; P < 

0.001, chi-square test; Table 5.10).  The prevalence of T. leonina was similar for young 

(6.21%) and adult (8.24%) dogs, which was also true for female (6.86%) and male 

(7.03%) dogs (Table 5.11).  The highest relative egg count was for T. canis (42.89%) 
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with a mean egg count of 11.38 (range 3 - 31).  This was followed by egg counts of T. 

leonina (9.13), hookworms (8.40) and the least was for taenids (2.75) (Table 5.12). 

Table 5.7. Parasite infections in samples of dog faeces collected from the rectum. 

    Number (n) % Of Total Helminth eggs found 

      Yes % Positive 

Age Young 145 63.04 115 79.31 

 Adult 85 36.96 66 77.65 

Sex Female 102 44.35 81 79.41 

 Male 128 55.65 100 78.13 

 Total 230 100.00 181 78.70 

 

 

Table 5.8. Prevalence of single and multiple helminth parasite eggs found in 181* of 230 

samples of dog faeces collected from the rectum. 

Type Samples (n) % Total 

Singe infection 112 48.70 

Double infections  58 25.22 

Triple infections 8 3.48 

More than triple infections 3 1.30 

* Number of positive samples. 
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Figure 5.6. The prevalence of different parasite species identified from eggs in 181* of 

230 samples of dog faeces collected from the rectum. (* Some faecal samples contained 

more than one parasite species). 
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Table 5.9. Toxocara canis (Werner, 1782) eggs in samples of dog faeces collected from 

the rectum. 

  Samples (n) Positive (n) % Positive 

Age* Young 145 63 43.45 

 Adult 85 8 9.41 

Sex** Female 102 45 44.12 

 Male 128 26 20.31 

 Total 230 71 30.87 

* χ2 = 29.09, d.f. = 1, P < 0.001;  ** χ2 = 15.07, d.f. = 1, P < 0.001. 

 

 

Table 5.10. Hookworm eggs in samples of dog faeces collected from the rectum. 

     Samples (n) Positive (n) % Positive 

Age* Young 145 52 35.86 

 Adult 85 37 43.53 

Sex** Female 102 41 40.20 

 Male 128 48 37.50 

 Total 230 89 38.70 

* χ2 = 1.33, d.f. = 1, P > 0.0;  ** χ2 = 17.96, d.f. = 1, P < 0.001. 
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Table 5.11. Toxascaris leonina (V. Linstow, 1902) eggs in samples of dog faeces 

collected from the rectum. 

     Samples (n) Positive (n) % Positive 

Age Young 145 9 6.21 

 Adult 85 7 8.24 

Sex Female 102 7 6.86 

 Male 128 9 7.03 

 Total 230 16 6.96 

 

 

Table 5.12. Relative egg counts of parasite species identified in samples of dog faeces 

collected from the rectum. 

Parasite species Positive (n)* Egg count (%) Range  Mean 

Toxocara canis 71 808 (42.89) 4 - 31 11.38 

Hookworms 89 748 (39.70) 2 - 25 8.40 

Toxascaris leonina 16 146 (7.75) 2 - 17 9.13 

Spirocerca lupi 13 67 (3.56) 3 - 12 5.15 

Ascaris sp. 8 51 (2.71) 3 - 12 6.38 

Trichuris vulpis 9 29 (1.54) 2 - 5 3.22 

Strongyloides sp. 5 24 (1.27) 2 - 10 4.80 

Taeniids 4 11 (0.58) 1 - 5 2.75 

Total 215 1884 (100.00) 1 - 31 8.76 
* Some faecal samples contained more than one parasite species. 



 136 

5.4.3 Samples of cat faeces from household and residential areas  

A total of 77 samples of cat faeces was collected from households and residential areas. 

Helminth eggs were recovered from 51 (66.23%) of the samples (Table 5.13). A higher 

prevalence (71.67%) of helminth parasites was recorded for faecal samples collected in 

households compared to residential areas (47.06%) (Table 5.13). Most (84.31%) faecal 

samples had only a single parasitic infection and only 15.67% of the samples showed 

infection with two parasites (Table 5.14). The only parasites identified were T. cati with 

the highest prevalence (67.80%), followed by hookworms (19.48%) and T. leonina 

(5.19%) (Fig. 5.7).  A higher prevalence of T. cati eggs was observed in faeces collected 

from households (61.67%) compared to residential areas (17.65%) (Table 5.15).  

Hookworm eggs were detected in 20% and 17.65% of faecal samples collected from 

households and residential areas, respectively (Table 5.16). The prevalence of T. leonina 

in households (5%) and residential areas (5.88%) was similar (Table 5.17).  The highest 

relative egg count was that of T. cati with a mean egg count of 17.60 (range 5 - 44), 

followed by hookworms (10.86), and T. leonina (8.05) (Table 5.18). 

 

Table 5.13. Helminth eggs recovered from samples of cat faeces collected from 

households and residential areas. Total number of samples = 77. 

      Helminth eggs found 

Source Samples (n) % Total Yes % Positive 

Household 60 77.92 43 71.67 

Residential area 17 22.08 8 47.06 

Total 77 100.00 51 66.23 
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Table 5.14. Prevalence of single and multiple helminth parasite eggs found in 51* of 77 

samples of cat faeces collected from households and residential areas. 

Type Samples (n) % Total 

Singe infection 43 84.31 

Double infections  8 15.69 

*Number of positive samples. 
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Fig. 5.7. The prevalence of different parasite species identified from eggs in 51* of 77 

samples of cat faeces collected in the households and residential areas. (* Some faecal 

samples contained more than one parasite species). 
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Table 5.15. Toxocara cati (Schrank, 1788) in samples of cat faeces collected from 

households and residential areas. 

Site Sample (n) Positive (n) % Positive 

Household 60 37 61.67 

Residential area 17 3 17.65 

Total 77 40 51.95 

 

 

Table 5.16. Hookworm eggs in samples of cat faeces collected from households and 

residential areas. 

Site Sample (n) Positive (n) % Positive 

Household 60 12 20.00 

Residential area 17 3 17.65 

Total 77 15 19.48 

 

 

Table 5.17. Toxascaris leonina (V. Linstow, 1902) eggs in samples of cat faeces 

collected from households and residential areas. 

Site Sample (n) Positive (n) % Positive 

Household 60 3 5.00 

Residential area 17 1 5.88 

Total 77 4 5.19 
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Table 5.18. Relative egg counts of parasite species identified in samples of cat faeces 

collected from households and residential areas. 

Parasites Positive (n)* Egg count (%) Range  Mean 

Toxocara cati 40 704 (78.05) 5 - 44 17.60 

Hookworms 15 163 (18.07) 3 - 31 10.86 

Toxascaris leonina 4 35 (3.88) 7 - 13 8.75 

Total 59 902 (100.00) 3 - 44 15.3 

* Some faecal samples contained more than one parasite species. 
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5.4.4 Soil samples  

A total of 242 soil samples from various localities was collected and examined for the 

presence of parasite eggs. Of these, 141 (58.26%) were collected in residential areas, 28 

(11.57%) as house dust, 24 (9.92%) in open fields, 23 (9.50%) along roadsides, 14 

(5.79%) in playgrounds and 12 (4.94%) in doghouses. An overall prevalence of 33.88% 

was observed. The contamination of soil with parasite eggs was the highest for dust 

collected from doghouses (83.33%) and the least for open fields (25%) (Table 5.19).  

Most soil samples were contaminated with the eggs of a single parasite species (81.71%). 

Contamination with two parasites was observed in 18.29% of the samples (Table 5.20). 

The parasites identified in soil samples were Toxocara spp. (14.05%), hookworms 

(9.50%), Ascaris sp. (9.09%), Toxascaris leonina (4.13%), Trichuris sp. (2.48%) and S. 

lupi (0.83%) (Fig. 5.8). The prevalence of Toxocara spp. eggs varied from 8.33% (open 

fields) to 58.33% (dust from doghouses) (Table 5.21). Most eggs of Toxocara spp. were 

embryonated and the larvae within the embryonated eggs were motile indicating that they 

were viable and infective. Hookworm eggs were common in soil samples collected from 

house dust (14.29%), playgrounds (14.29%) and open fields (16.67%) (Table 5.22). T. 

leonina eggs were collected in only 4.13% of the soil samples and no eggs were 

recovered in soil samples from open fields and playgrounds (Table 5.23). The highest 

relative egg count was for Ascaris spp. with a mean egg count of 4.14 (range 1 - 7). This 

was followed by egg counts of T. leonina (3.60), Toxocara spp. (3.53), S. lupi (3.50) and 

the least was for T. vulpis (2.50) (Table 5.24). 
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Table 5.19.Helminth eggs recovered from soil samples collected from the environment. 

Total number of samples collected = 242. 

      Helminth eggs found 

Site Number (n) % Total Yes % Positive 

Residential areas 141 58.26 43 30.50 

House dust 28 11.57 12 42.86 

Open fields 24 9.92 6 25.00 

Road sides 23 9.50 6 26.09 

Playgrounds 14 5.79 5 35.71 

Dust from dog houses 12 4.96 10 83.33 

Total 242 100.00 82 33.88 

 

 

Table 5.20. Prevalence of single and multiple parasite species eggs found in 82* of 242 

soil samples collected from the environment. 

Type Samples (n) % Total 

Singe infection 67 81.71 

Double infections  15 18.29 

Total 82 100.00 

*Number of positive samples. 
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Fig. 5.8. The prevalence of different parasite species identified from eggs in 84 of 242 

soil samples collected from the environment. (* Some soil samples contained more than 

one parasite species). 
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Table 5.21. Toxocara Stiles, 1905 spp. eggs in soil samples collected from the 

environment. 

Site Sample (n) Positive (n) % Positive 

Residential areas 141 17 12.06 

House dust 28 4 14.29 

Open fields 24 2 8.33 

Road sides 23 2 8.70 

Playgrounds 14 2 14.29 

Dust from dog houses 12 7 58.33 

Total 242 34 14.05 

* Some soil samples contained more that one parasite species. 

 

Table 5.22. Hookworm eggs in soil samples collected from the environment 

Site Samples (n) Positive (n) % Positive 

Residential areas 141 9 6.38 

House dust 28 4 14.29 

Open fields 24 4 16.67 

Road sides 23 3 13.04 

Playgrounds 14 2 14.29 

Dust from dog houses 12 1 8.33 

Total 242 23 9.50 

* Some soil samples contained more that one parasite species. 
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Table 5.23. Toxascaris leonina (V. Linstow, 1902) eggs in soil samples collected from 

the environment. 

Site Samples (n) Positive (n) % Positive 

Residential areas 141 5 3.55 

House dust 28 2 7.14 

Open fields 24 0 0.00 

Road sides 23 1 4.35 

Playgrounds 14 0 0.00 

Dust from dog houses 12 2 16.67 

Total 242 10 4.13 

 

 

Table 5.24. Relative egg counts of parasite species identified from samples of soil 

collected from the environment. 

Parasite species Positive (n)* Egg count (%) Range  Mean 

Toxocara spp. 34 120(34.99) 1 - 7 3.53 

Ascaris sp. 22 91(26.53) 1 - 7 4.14 

Hookworms 23 74(21.53) 1 - 6 3.13 

Toxascaris leonina 10 36(10.50) 2 - 7 3.60 

Trichuris vulpis 6 15(4.37) 2 - 3 2.50 

Spirocerca lupi 2 7(2.04) 2 - 5 3.50 

Total 97 343(100.00) 1 - 7 3.54 

*Some faecal samples contained more than one parasite species. 
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5.5 DISCUSSION AND CONCLUSIONS  

The results of this study confirmed the presence of T. canis, T. cati, T. leonina and other 

intestinal parasites in dogs and cats in the study area, indicating a potential danger to 

humans. The overall prevalence rates were 33.88% in soil samples, 60.78% in faecal 

droppings of dogs in the environment, 66.23% in samples of cat faeces collected from the 

residential areas and households and 78.7% in samples of dog faeces from the rectum. 

The most frequently occurring parasites in the examined faecal and soil samples were 

hookworms and Toxocara species. 

 

The actual prevalence of some parasitic infections in dogs, cats and soil samples may, 

however, be even higher than determined in this study. Some of the factors that could 

have affected the findings are the limitations of the methods used, intermittent egg 

shedding (Kirkpatrick 1988), seasonal variations, environmental conditions, the choice of 

sampling sites (Surgan, Colgan, Kennett and Paffmann 1980; Childs 1985), light 

infections and the presence of only male worms in the host (Overgaauw 1997a). 

 

Dog faecal deposits 

As no previous studies had been done on faecal deposits collected from the environment 

or rectal samples in Ethiopia, the results were compared to similar studies conducted in 

other countries. The overall prevalence of 60.78% infection rate in samples of dog faeces 

collected from the environment was comparable to 58% observed in fresh faecal deposits 

of well-cared-for dogs examined using a formol-ether concentration technique in Jamaica 

(Robinson, Thompson and Lindo 1989) and 73% in dog faecal droppings collected from 



 146 

the roadsides and public places examined, using a combination of direct smear and 

formalin-ethyl acetate sedimentation, and Sheather’s sugar floatation in Egypt (Abou-

Eisha and Abdel-Aal 1995). Jaskoski, Barr & Borges (1982), using a sugar floatation 

technique, reported between 13.7% and 71% infection in dog faecal samples collected 

from residential areas and from dogs in the Animal Care and Control Center in Chicago.  

According to Jaskoski et al. (1982), the high prevalence of parasite eggs in dog faecal 

samples was related to the number of infected dogs and failure to enforce regulations 

requiring disposal of dog faeces by dog owners. 

 

The overall prevalence of 60.78% parasite infections in samples of dog faeces collected 

from the environment was very high when compared to surveys conducted by Overgaauw 

(1997a) in the Netherlands. He reported a prevalence of 2.9% faecal samples of 

household dogs that were examined using a ZnSO4 floatation method. Using the same 

diagnostic method, Overgaauw and Boersema (1998b) reported a prevalence of 18% 

nematode infection in dog’ faecal samples collected from dog breeding kennels in the 

Netherlands. They have suggested that the low prevalence of nematode eggs in dog faecal 

samples collected from households was due to increased availability of better 

anthelmintics, high/regular deworming frequency by owners, awareness of possible 

worm problems, more responsibility of pet ownership and/or the absence or rare 

occurrence of stray dogs in the Netherlands. But the higher prevalence of nematode eggs 

in dog faecal samples collected from dog breeding kennels compared to those from  

households was suggested to be as a result of infection pressure in kennels where the 

closed environment increased the risk of infection.  
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Faecal samples from the rectum of dogs 

The overall prevalence of 78.7% helminths based on faecal samples taken from the 

rectum of dogs in the present study was comparable to the 76% infection rate in faecal 

samples collected per rectum in stray dogs following euthanasia and examined using 

Kyron® faecalizer tubes in Bloemfontein, South Africa (Minnaar, W.N., Krecek, R.C. 

and Fourie, L.J. 2002).   These findings are higher compared to 52.19% parasitic 

infection found in stray dog faecal samples taken from the rectum and examined using a 

saturated salt (NaCl) floatation technique in Turkey (Doganay and Oge 1993). It was, 

however, relatively low compared to the 100% incidence of helminth infections found in 

dogs examined with adhesive tape swabs and fresh faecal samples collected per rectum 

using a qualitative faecal floatation method in Jericho and Zuurbekom in South Africa 

(Minnaar, Krecek and Rajput 1999). Bugg, Robertson, Elliot and Thompson (1999) 

reported a 28.7% (range, 5.3 to 51.0%) parasitic infection in faecal samples of dogs from 

pet shops, refuges, breeding kennels, veterinary clinics and exercise areas in Australia 

and examined using a sedimentation technique in water followed by centrifugal floatation 

in saturated zinc sulfate solution. The differences in prevalence may be explained by the 

different method used to examine faecal samples and the condition of the dogs (stray or 

sick) examined. According to Okoshi and Usui (1967b), as a faecal sample has to be 

examined three times or more to detect light infections. 

 

The overall prevalence of parasitic infections recorded in faecal samples of dogs 

collected from the environment and from the rectum of dogs in the present study is low 

when compared to the 98.36% - 100% gastrointestinal helminths recovered from dogs in 
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Ethiopia during necropsies (Samuel 1990 and Shimelis 1994). It has been suggested that 

a higher prevalence of infection is usually recorded in necropsies compared to the faecal 

examination of dogs. This has been indicated by Doganay and Oge (1993) who reported a 

prevalence of 52.19% in faecal samples of stray dogs and 69.23 % in the same dogs after 

necropsy.  According to Verster (1979), the most reliable method of determining the 

prevalence of gastrointestinal helminths is the recovery at necropsy. 

 
Age of dogs and parasites in dog faecal samples from the rectum 

In the present study similar infection rates were observed in the rectal samples of young 

and adult dogs. It has, however, been reported that young dogs shed helminths eggs more 

frequently than adults (Overgaauw 1997b; Oliveira-Sequeira, Amarante, Ferrari and 

Nunes 2002). Since most of the examined dogs were free-roaming and untreated, they 

were infected with a wide range of parasites and both young and adult dogs may 

contribute significantly to the contamination of the environment with eggs of parasites.  

 

Cat faecal samples 

As there are no epidemiological data on the prevalence of intestinal parasites of cats in 

Ethiopia, comparison is possible only to surveys conducted in other countries. In the 

present study 66.23% of cat faecal samples were positive. The prevalence is high when 

compared to the reported prevalence of 2% in faecal samples of cats in breeding colonies, 

examined using a ZnSO4 sedimentation-floatation technique in the Netherlands 

(Overgaauw and Boersema 1998a). According to Overgaauw and Boersema (1998a), the 

low prevalence of nematode infections in cats was due to the absence of risk factors in 

the breeding catteries, such as the absence of infected paratenic hosts, outdoor exposure 
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to helminth eggs and treatment and care given to the cats. High gastrointestinal helminths 

loads with a prevalence of 65% in South Africa (Baker et al. 1989) and 89.7% in Spain 

(Calvete et al. 1998) were reported from necropsies of stray cats. As indicated before, 

higher prevalences are usually reported from the examination of animals after necropsy 

compared to the examination of faecal samples and from stray cats compared to those 

that are better cared for. 

 

Soil samples 

The overall soil contamination rate recorded in the present study (33.88%) for helminthic 

parasites in soil samples collected from the environment is in agreement with those of 

comparable studies that reported a prevalence of 35.3% to 36.5% in Nepal (Rai, Uga, 

Ono, Rai and Matsumura 2000) and 38% in gardens in Ireland (Holland, O'Connor, 

Taylor, Hughes, Girdwood and Smith 1991). This figures are higher than the reported 

prevalence of 1.24% found in soil samples from public parks examined using the sucrose 

floatation and centrifugation technique after washing and sieving in eastern Spain (Ruiz 

de Ybanez et al. 2001). The low prevalence in the public parks was attributed to the low 

numbers of stray dogs and cats, absence of sandpits for cats to deposit faeces, and soil 

type of the sampling areas in Spain. According to Mizgajska (2001), factors that could 

influence the result of soil examination are sample site selection, number and volume of 

samples, depth of sampling, season of examination, method of egg recovery, soil type, 

preservation of samples and laboratory skills.  
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Toxocara canis (Werner, 1782) 

In the present study T. canis eggs were recovered from 20.18% of faecal deposits of dogs 

collected from the environment. Comparable results (25.5%) were reported for dog faecal 

deposits collected from roadsides and public places in Egypt (Abou-Eisha and Abdel-Aal 

1995). They used a combination of sedimentation and floatation techniques for faecal 

examination. The prevalence in the present study was, however, high compared to the 

3.6% for faecal samples of an owned dog population, examined using a saturated sugar 

floatation technique in Ireland (O’Sullivan 1997). Prevalences of T. canis eggs, using a 

ZnSO4 floatation technique were 1.7% in faecal samples of dogs in Australia (Bugg et al. 

1999), 2.9% in dog faecal samples collected from households (Overgaauw 1997a) and 

8% - 15% in dog faecal samples collected in dog breeding kennels (Overgaauw and 

Boersema 1998b) in the Netherlands. The low prevalence of T. canis was attributed to the 

awareness of most of the pet owners about zoonotic infections, resulting in regular 

treatment of domestic pets, and the absence or rare occurrence of stray dogs. The 

relatively high prevalence in the dog breeding kennels was related to infection pressure in 

a closed environment. However, single faecal specimen examination for T. canis 

infection results in the underestimation of the prevalence by 20 to 35% in lightly infected 

dogs (Barriga 1991; O`Sullivan 1997). 

 

The 30.87% T. canis infection rate recorded in faecal samples collected from the rectum 

of dogs in the present study was comparable to the 19% based on peri-anal adhesive tape 

swabs and rectal faecal samples of dogs in South Africa (Minnaar et al. 1999), and the 

21.9% recorded in faecal samples from the rectum of stray dogs in Ankara, Turkey 
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(Doganay and Oge 1993), and the 31.5% based on faecal samples of dogs collected by 

owners of pets or taken directly from the rectum during examination at a veterinary clinic 

in Poland (Luty 2001). According to Surgan et al. (1980), faecal examination may, 

however, reveal as few as one-half of the Toxocara infections diagnosed during necropsy.  

 

Toxocara canis prevalences of 52.46% (Shimelis 1994) and 83% (Samuel 1990) reported 

in Ethiopia were based on necropsies of dogs. The infection rates of 32.5% - 56.6% in 

Nigeria (Arene 1984; Umeche and Hogan 1989) and 82.6% in Ireland (O’Lorcain 1994) 

were reported from necropsies of dogs. The highest prevalence of T. canis was reported 

in unwanted, stray, sick and/or untreated dogs or those brought to the veterinary clinic for 

medical examination (Umeche and Hogan 1989; O’Lorcain 1994).  

 

Usually intestinal parasites are more prevalent in younger dogs than in adults (Oliveira-

Sequeira et al. 2002). This was observed in the present study for T. canis infections in 

dogs from which the age was known as faecal samples were collected from the rectum. 

The prevalence of T. canis was significantly higher in young (43.45%) compared to adult 

(9.45%) dogs. The high prevalence of T. canis in young dogs might be associated with 

the transplacental route of transmission from infected bitches to the fetuses (Furth, El-On 

and Hoida 1990; Luty 2001; Oliveira-Sequeira et al. 2002) and the lower resistance of 

young dogs against T. canis infections (Baker et al. 1989). Almost all the puppies of an 

infected bitch can be infected through transplacental transmission (Kassai 1999, Roberts 

and Janovy 2000). 
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A significantly higher prevalence of T. canis was observed in female dogs (44.12%) 

compared to male dogs (20.31%). A similar finding was reported in a study conducted by 

Doganay and Oge (1993). Nakauchi, Ohtaka, Morishima and Hiki (1993), Luty (2001) 

and Oliveira-Sequeira et al. (2002), however, reported a higher prevalence of T. canis 

infections in male than in female dogs. The significantly higher prevalence rates for T. 

canis in female (44%) compared to in male dogs in the present study might have been as 

a result of the examination of large numbers of lactating bitches that can acquire patent 

infections from the reactivation of larvae long surviving from a prenatally acquired 

infection, or as a result of ingesting larval stages in the faeces of their puppies (Sprent 

and Barrett 1964; Kassai 1999). 

 

The species identity of eggs from soil samples could not be determined due to the 

morphological similarities of T. canis and T. cati eggs (Uga et al. 1996). According to 

Slifko, Smith and Rose (2000), the presence of T. canis eggs in soil can be used to 

indicate the potential for environmental contamination. The overall prevalence of 

Toxocara spp. eggs was 14.05%, varying from 8.33% (open fields) to 58.33% (dust from 

doghouses). Eggs of Toxocara spp. were reported with a prevalence of 24.4 % in soil 

samples from public places using a ZnSO4 centrifugal floatation method in Britain (Borg 

and Woodruff 1973), 35-53% in soils from city backyards using a saturated NaNO3 

floatation method in Poland (Mizgajska 2001), 46% in soil from public parks and 

recreational areas using a ZnSO4 floatation technique in a Caribbean community 

(Thompson et al. 1986), and 63.3% in sandpits collected from various areas using 

saturated NaNO3 floatation and sedimentation technique in Japan (Shimizu 1993).  
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According to Mizgajska (2001), factors that affect the outcome of soil examinations are 

sample site selection, number and volume of samples, depth of sampling, season of 

examination, method of egg recovery, type of soil examined, preservation of samples and 

laboratory skills. The presence of a low prevalence of Toxocara spp. eggs in soil samples 

does, however, not mean that there is no risk of human infection. The high fecundity of 

female worms and the resistance and long period of survival of eggs in the environment, 

contribute to the potential danger of human infections (Jordan et al. 1993, Oliveira-

Sequeira et al. 2002), especially in recreational areas and playgrounds, and particularly to 

children. 

 

Toxocara cati (Schrank, 1788) 

The overall prevalence of T. cati in cat faecal samples collected from households and 

residential areas in this study (51.95%), was higher compared to the 8% in faecal samples 

of cats collected from catteries (Overgaauw and Boersema 1998a) and 21% in those of 

stray cats (Overgaauw 1997a) in the Netherlands. According to these authors, the low 

prevalence of infection was related to the absence of risk factors because of practices 

such as the fencing of outdoor areas, cleaning of the environment, limited access to the 

outdoor environment and to paratenic hosts, and the deworming of cats. A higher 

prevalence of T. cati is more frequently reported in stray cats than in household cats and 

in faecal samples of free-ranging farm cats (91%) in the United Kingdom (Yamaguchi et 

al. 1996) and in rectal faecal samples and intestinal contents obtained during the necropsy 

of feral cats (84%) in southern Tasmania (Milstein and Goldsmid 1997). Prevalences 
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reported during necropsy were 11% in South Africa (Baker et al. 1989), 42% in Ireland 

(O’Lorcain 1994) and 55.2% in Spain (Calvete et al. 1998), and most of these cats were 

unwanted, stray or sick.  

 

A high prevalence of T. cati in an area may contribute considerably to the contamination 

of the environment. Since children have the habit of pica (Overgaauw 1997) and because 

eggs of Toxocara species are remarkably resistant and survive for long periods in the 

environment (Dolinsky, Burright and Donovick 1981; Jordan et al. 1993), the presence of 

Toxocara spp. eggs in the present study area undoubtedly poses a potential risk for 

human infection, especially in young children. 

 

Toxascaris leonina (V. Linstow 1902) 

Toxascaris leonina was found in 3.44% of faecal deposits of dogs in the present study. 

Using the same diagnostic technique O’Sullivan (1997), reported a 7.1% infection of 

faecal samples of owned dogs in Ireland. Using a combination of sedimentation and 

floatation techniques, Abou-Eisha and Abdel-Aal (1995) reported a 32.1% infection of 

dog faecal deposits from roadsides and public places in Egypt. A low prevalence (0.4 – 

1%) of T. leonina infection was reported in dog faecal samples from dog breeding 

kennels (Overgaauw and Boersema 1998b) and in dog faecal samples collected from 

households (Overgaauw 1997a) in the Netherlands. However, a much higher prevalence 

(30.46%) was reported in dog breeding colonies in Ireland (Fisher et al. 2002). 
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In the present study, a prevalence of 5.19% T. leonina was found in cat faecal samples. 

Previous studies in Africa or in Ethiopia didn’t report the presence of T. leonina in cats. 

Studies conducted in other countries, however, reported 0.2% in faecal samples of 

domestic cats in London (Nichol et al. 1981b), 1.1% in faecal samples of feral cats in 

England (Nichol et al. 1981a) and 5.4% in faecal samples of stray cats in the Netherlands 

(Overgaauw 1997a). A higher prevalence (82%) was reported in faecal samples of free-

ranging farm cats in the United Kingdom (Yamaguchi et al. 1996).  This high prevalence 

of T. leonina in stray cats is probably related to the cats preying on infected wild rodents. 

In South Africa, T. leonina has never been reported from cats (Prof. Boomker, J. 2002, 

Prof. Dawie, J. Kok, 2003, personal communication). In the present study, T. leonina 

eggs were recorded in 4.13% of soil samples collected from households and residential 

areas. This prevalence is comparable to 4.1% recorded in samples from public parks in 

Turkey (Oge and Oge 2000). The contamination of the environment with the eggs of T. 

leonina may be a potential source of infection to domestic pets and rodents in the areas. 

 

Hookworms  

Because the eggs of different species of hookworms are closely similar in morphological 

appearance (Minnaar et al. 1999), species identification was not done in the present 

study. Hookworm eggs were found with a prevalence of 36.24% in dog faecal deposits 

and 38.7% in dog faecal samples taken from the rectum. Studies conducted in other 

countries showed prevalences of 1.3% in dog faecal droppings in Egypt (Abou-Eisha and 

Abdel-Aal 1995) and 17.4% in dog faecal samples collected from public parks and 

playgrounds in Zimbabwe (Mukaratirwa and Taruvinga 1999). Minnaar et al. (1999) 
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reported a higher prevalence of hookworms (90 – 93%) in dog faecal samples collected 

per rectum in South Africa. An infection rate of 58% was reported during necropsies of 

dogs in Ethiopia (Samuel 1990). The prevalence of hookworms in an area is related to the 

climatic conditions (high rainfall and warm temperatures) favouring the survival of the 

larvae in the eggs for a long period of time (Jenkins and Andrew 1993). 

 

The prevalence of hookworm eggs in samples of cat faeces (19.48%) from household and 

residential areas is comparable to the 29.3% Ancylostoma caninum (Ercolani, 1859) 

reported during necropsies of stray cats in Spain (Calvete et al. 1998). Baker et al. (1989) 

reported 1.4% - 41% hookworm infections during necropsies of cats in the Pretoria area 

of South Africa.  The prevalence of soil contamination with hookworm eggs (9.5%) in 

the present study was lower compared to the 11.8% in nursery schools, 19.4% in 

households, 36% in public parks and 100% in playgrounds reported in Argentina (Alonso 

et al. 2001). The variation in prevalence of hookworms was attributed to soil type (Abou-

Eisha and Abdel-Aal 1995), geographical factors, social standing of residents in the 

sample areas and sample size (Minnaar et al. 1999). Hookworms have seasonal variations 

and are considered to be prevalent during the summer and autumn (Oliveira-Sequeira et 

al. 2002). The abundance of hookworms in the study area may pose significant health 

problems to the public, as hookworms of domestic pets can cause dermatitis (Oliveira-

Sequeira et al. 2002) or cutaneous larva migrans in humans (Robinson et al. 1989, 

Jenkins and Andrew 1993 and Minnaar et al. 1999).  
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Strongyloides Grassi, 1879 spp. 

Strongyloides spp. were not reported in dogs by previous researchers in Ethiopia. The 

prevalence of Strongyloides species recovered from faecal samples collected from the 

rectum (2.17%) was slightly higher than that faecal droppings (1.15%). The low 

prevalence rates might be related to the diagnostic method (sugar floatation) used for 

faecal examination, and the day-to-day variability of larvae in the faeces (Roberts and 

Janovy 2000). Baermann’s method is usually used for the detection of Strongyloides 

stercoralis larvae (Magnaval 1995 and Kassai 1999). Umeche and Hogan (1989) reported 

a 26.2% infection rate of Strongyloides stercoralis in dog faecal samples brought to 

veterinary clinics for examination in Nigeria and suggested that dogs constitute one of the 

sources of human infections with Strongyloides stercoralis. Robinson et al. (1989) 

reported a prevalence of 6% Strongyloides sp. in faecal deposits of well-cared-for dogs in 

Jamaica. Georgi and Sprinkle (1974) suggested that transmission of S. stercoralis from 

canines to humans could be possible. Human strongyloidiasis, caused by S. stercoralis is 

common in the study area (Ali et al. 1999). This parasite can be lethal to human beings, 

particularly to immunocompromised individuals (Robinson et al. 1989).  

 

Ascaris (Linnaeus, 1758) spp.  

Ascarid nematodes are rather host-specific and it is therefore unusual to find 

egg/larval/adult stages of Ascaris sp. in cats or dogs, T. canis in cats, T. cati in dogs, 

eggs, sub-adult or adult worms of T. canis or T. cati in man. However, various cases of 

non-specificity have been documented as follows: Ascaris lumbricoides eggs in dogs 

(Doganay and Oge 1993), Ascaris sp. eggs in dogs (Seah, Hucal and Law 1975), T. canis 
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in cats (Baker et al. 1989), T. cati in dogs (Doganay and Oge 1993), T. cati adult or sub 

adult worms in man (Von Reyn et al.1978 and Eberhard and Alfano 1998) and T. canis 

adult worms in man (Bisseru et al. 1966). Such infections were suggested to be the result 

of accidental infections from close contact. Ascaris spp. with prevalence rates of 3.91% 

in soil samples, 8.49% in faecal droppings and 9.09% in rectal faecal samples of dogs 

were recorded in the present study. Although, Ascaris spp. eggs or worms were not 

reported in faecal samples or necropsies of dogs in previous studies in Ethiopia, a similar 

result to the present study with a prevalence of 21.3% Ascaris spp. eggs in dogs was 

reported as the third most common helminth next to Toxocara canis and tapeworms in 

faecal samples of dogs in Canada (Seah et al. 1975). Furthermore, Doganay and Oge 

(1993) reported A. lumbricoides eggs in a dog but they couldn’t recover adult worms 

during necropsy. It has been suggested by Seah et al. (1975) that the recovery of eggs of 

Ascaris spp. in faecal samples of dogs was due to a spurious rather than actual infection. 

 

Ascaris lumbricoides is the most common parasite recorded in the human population in 

Ethiopia (Merid, Hegazy, Mekete and Teklemariam 2001). Surveys conducted in the 

present study area showed A. lumbricoides to be common in school children (Ali et al. 

1999 and Haile et al. 1994) and the environment (Kefyalew 1998). Stray and free 

roaming dogs are known to practice coprophagia (Umeche and Hogan 1989; Jenkins and 

Andrew 1993) and thus may ingest human faeces from the environment. These eggs may 

have been passed directly through the gastrointestinal tract of the dogs without hatching 

and the ingestion of human excreta containing parasite eggs may cause spurious 

parasitism in dogs.  
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Trichuris vulpis (Frohlich, 1789) 

Trichuris vulpis was found in 3.44% of dog faecal deposits collected from the 

environment. This prevalence rate was comparable to the 4.8% in faecal samples of dogs 

in Brazil (Oliveira-Sequeira et al. 2002). The 3.19% prevalence found in samples of dog 

faeces collected from the rectum was also comparable to the 6% in dog rectal faecal 

samples and examined using a floatation method in a Faecalyzer tube in South Africa 

(Minnaar and Krecek 2001). Trichuris vulpis was reported with prevalences of 5% from 

necropsies of dogs in Ireland (O’Sullivan 1997), 22.5 % (Umeche and Hogan 1989) and 

56.7% (Arene 1984) in Nigeria. The low prevalence of T. vulpis in rectal faecal samples 

might be related to the fact that eggs are not continuously passed in the faeces or due to a 

low egg excretion (O’Sullivan 1997; Kassai 1999).   

 

The Trichuris spp. contamination rate of 2.48% of soil samples in the environment was 

comparable to 1.8% of soil samples from public parks in Ankara, Turkey (Oge and Oge 

2000), but was low compared to the 14% reported in soil samples taken from gardens of 

dog breeding kennels in The Netherlands (Overgaauw and Boersema 1998b). The 

kennels are different from other places and infection can be prevalent in these gardens.  

 

Heavy infections with Trichuris vulpis may cause acute and chronic inflammation of the 

gastrointestinal tract of dogs (Soulsby 1982). It is much more difficult to find T. vulpis 

eggs using floatation techniques, especially in light infections (Prof. Dawie J. Kok, 2003, 

personal communication).   
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Spirocerca lupi (Rudolphi, 1809) 

In the present study, comparable prevalences of S. lupi were observed in dog faecal 

deposits in the environment (4.59%), in samples of dog faeces collected from the rectum 

(5.65%), and in soil samples (0.83%). Shimelis (1994) and Samuel (1990) reported 

prevalences of 32.79% and 33%, respectively, during necropsies of dogs in Ethiopia. 

According to Jordan et al. (1993) and Soulsby (1982), eggs of S. lupi cannot pass in the 

faeces or vomit unless the esophageal tumour is perforated into the lumen. As a result, S. 

lupi is usually reported with a low prevalence in faecal samples of dogs. In some cases, S. 

lupi was also reported with low prevalence rates during necropsies, e.g. 1.2% in dogs in 

South Africa (Verster 1979) and 1.9% in dogs in Brazil (Oliveira-Sequeira et al. 2002). 

Dogs get infected by the ingestion of either the intermediate host (dung beetles) or 

infected paratenic hosts (Kassai 1999; Roberts and Janovy 2000). According to 

Mylonakis, Koutinas, Liapi, Saridomichelakis and Rallis (2001), the life-style of dogs 

affects infection with S. lupi considerably. The parasite poses a considerable health 

problem in dogs being a cause of esophageal cancer (Roberts and Janovy 2000).   

 

Cestodes 

Since the eggs of the various Taenia Linnaeus, 1758 spp. cannot be distinguished 

microscopically from one another or from those of Echinococcus Rudolphi, 1801 spp. 

(Minnaar et al. 1999), the eggs were termed “taeniid” eggs in this study. The prevalence 

of tapeworm eggs was low in faecal samples of dogs in the environment (1.38%) and in 

faecal samples collected from the rectum (1.74%). Previous studies in Ethiopia reported 

high prevalence rates of Taenia spp. (50%) and E. granulosus (Batsch, 1786) (50%) 
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based on necropsies of dogs from Dire Dawa and East Haraghe (Samuel 1990), E. 

granulosus in stray dogs (33.33%) and bovine hydatidosis in slaughtered Zebu cattle 

(32.12%) in Mekelle (Yhidego 1997), Taenia hydatigena Pallas, 1766 (19.67%) and E. 

granulosus (9.86%) in dogs in the Debre Zeit area (Shimelis 1994).  

 

Taenia spp. were reported in Ireland (O’Sullivan 1997) with a prevalence of 3.6% in 

faecal samples of owned dogs examined using a sugar floatation technique and 11% in 

necropsies of stray dogs. A high prevalence rate of E. granulosus (85%) and T. 

hydatigena (43.3%) was reported in gut samples taken from the esophagus to the sigmoid 

colon of dogs obtained from local butchers in Nigeria (Arene 1984). According to Arene 

(1984), the dogs have easy access to infected offal, which is disposed of at the various 

local slaughtering centers in Nigeria.  Tapeworm eggs are often contained in proglottids 

and are released only after the mature segment disintegrates (Robinson et al. 1989). This 

may explain the low prevalence of eggs in faecal samples.  

 

It is quite important to examine dogs for the presence of E. granulosus because of the 

potential health risk to humans (Jenkins and Andrew 1993). Hydatid disease has been 

reported to be one of the major public health problems in the lower Omo River basin in 

Ethiopia (Mekuria 1985; Lindtjorn, Kiserud, and Roth 1982). In addition, hydatidosis in 

animals results in an enormous economic loss as a result of offal condemnation, carcass 

weight loss and death of the infected animals in Ethiopia (Samuel 1990, Shimelis 1994 

and Yhidego 1997). 
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Conclusions 

This study showed that there are significant numbers of parasites in domestic pets and in 

the environment that could be potential sources of zoonotic infection to human beings, 

particularly to children. According to Lynch et al. (1988) almost nothing is known of the 

prevalence of Toxocara infection in the tropics, where infections with a wide range of 

intestinal parasites is common or extremely intense. This is true in countries like Ethiopia 

where there is poor personal hygiene, poor environmental sanitation, large numbers of 

stray dogs that are not treated for parasitic infections, and no awareness of the public in 

general and pet owners in particular about the potential health hazards of zoonotic 

infections from the domestic pets.  Although the main objective of this study was to 

investigate the presence and prevalence of ascarids in faecal and soil samples in domestic 

pets and in the environment, the occurrence of other zoonotic parasite species in the study 

area that might also have a great influence on public health, were also reported on. 

 

Based on the study results, the following suggestions and recommendations are 

forwarded  

1. Proper disposal of dog, cat and human faeces. 

2. Improvement of personal and environmental sanitation. 

3. Decreasing the number of stray dogs and cats. 

4. Regular surveillance and treatment of infected domestic pets. 

5. Prevention of fouling of the environment with dog and cat faeces, particularly in 

children’s playgrounds. 
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6. Increasing the awareness of the public, particularly pet owners, about the potential 

risks of zoonoses from domestic pets.  

 

These measures will contribute immensely towards the prevention and control of these 

parasites in the environment and in domestic animals and limit exposure of the 

population to these zoonotic parasites.  In addition to this, it also indicates the necessity 

of the implementation of preventive and control measures by the responsible bodies and 

the communities at large. Further studies may be required to assess predisposing or risk 

factors, seroprevalence of toxocariasis in the human population, and a nationwide survey 

of the zoonotic parasites in domestic pets using a combination of diagnostic techniques, 

particularly for T. canis. Finally, such a survey may provide a baseline for further 

epidemiological studies in domestic pets and the environment.  



 164 

CHAPTER VI 

GENERAL DISCUSSION AND CONCLUSIONS 

Valuable information was gained in this study on the morphological aspects, modes of 

transmission and epidemiology of Toxocara canis, Toxocara cati and Toxascaris leonina. 

The present study revealed some additional morphological features. This includes size 

measurements of an adult female T. canis worm attaining a size of 27.5 cm and the 

presence of a precloacal median papilla in the male T. canis and T. cati worms. Though 

the presence of caudal alae was described in adult Toxocara spp. (Soulsby 1982), none of 

the examined worms were seen bearing caudal alae in the present study. Since spicules of 

male T. leonina were not protruding to the exterior through the cloaca in any of the adult 

male worms examined, no description of the structure of these organs could be given. 

Since most of the investigated larval stages were covered with a cuticlular sheath, details 

of external morphological structures were not examined under the scanning electron 

microscope.   

 

This study has focused mainly on the external morphological aspects, but further studies 

of detailed morphological similarities and differences between the three species, using 

various techniques, are necessary. Besides this, it is quite important to conduct further 

studies on internal anatomical structures as well as DNA analysis in order to obtain a 

better understanding of these ascarids and to elucidate the question of strain variation 

between the Toxascaris leonina that infect dogs and cats, respectively. Since spurious 

ascarid infections in humans and Ascaris spp. in domestic pets were reported by previous 

researchers as well as in the present study, it may be important to undertake further 
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comparative morphological studies between ascarids of dogs and cats, as well as Ascaris 

spp. of humans and pigs. It is also possible that the eggs produced by human A. 

lumbricoides may pass through the gastrointestinal tract of dogs without hatching and 

further studies are also necessary to investigate this. 

 

In the present study, transplacental transmission in T. canis, transmammary transmission 

in T. canis and T. cati and the absence of both transplacental and transmammary 

transmission in T. leonina were observed in mice infected with these parasites under 

laboratory conditions. However, transplacental transmission was observed only in mice 

infected during pregnancy. It may be necessary to carry out further studies under natural 

conditions and to investigate the mechanisms and factors that influence transplacental 

and transmammary transmission in one ascarid and inhibit it in others.   

  

Though it has been considered that cats, particularly stray and wildcats, might get 

infected with T. leonina mainly through predating on infected paratenic hosts, this 

parasite was not able to develop to the adult stage from experimental infection of cats 

through ingesting third-stage larvae infected mice tissues. Besides this, the prevalence 

rates of T. leonina infection in cats were reported to be low compared to that in dogs in 

the literature reviewed. Though the presence of strain variations in T. leonina infecting 

dogs and cats has been described, investigation on this strain variation using modern 

techniques such as PCR and DNA analysis were not carried out. It is doubtful that cats 

usually acquire infections of T. leonina through predation of infected rodents and the 

adaptation of this parasite in cats is therefore questionable. Studies will have to be 
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conducted on T. leonina collected from dogs and cats as well as related canids and felines 

to provide more information on T. leonina. 

 

The epidemiologies of ascarids of domestic pets were studied mainly in the developed 

world where there is proper management and care of domestic pets. Less attention was 

given to these parasites in the developing and third world countries like Ethiopia where 

socioeconomic burden exists and where health problems prevail. In most countries of 

Africa, dogs are usually unconstrained and are not treated for parasitic infections. The 

prevalence and zoonotic potential of these parasites originating from domestic pets is 

now known. In addition, the role of Toxocara spp. as a cause of visceral larva migrans, 

ocular larva migrans and covert toxocariasis in the human population, is unknown.  The 

presence of a large number of unwanted and stray dogs and cats may significantly 

contribute to the contamination of the environment, mainly playgrounds and residential 

areas, with viable eggs of ascarids which in turn may play a large role in children 

acquiring infections. Epidemiological studies on the prevalence of toxocariasis in the 

human population and in domestic pets have to be conducted at a national level to lay the 

ground for proper prevention and control measures. 

 

These parasites have a high reproductive potential, producing large numbers of eggs, 

which survive in the soil for prolonged periods of time, they have very successful modes 

of transmission (transplacental and transmammary transmission) and can infect a wide 

range of animals as paratenic hosts. It is therefore clear that considerable attention should 

be given to these parasites in the developing and poor countries. 
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CHAPTER VIII 

SUMMARY 

The present study has provided detailed and comprehensive information on the 

morphological aspects, life cycle, and epidemiology of Toxocara canis, Toxocara cati 

and Toxascaris leonina. The overall results of the study results are briefly summarized as 

follows: 

 

1. In the morphological studies of these parasites, it has been observed that there are 

gross morphological similarities in the developmental stages of T. canis, T. cati and 

T. leonina. However, closer and detailed observations have revealed that the various 

developmental stages differ from one another in their fine morphological features. 

The observed morphological differences were: 

 

a. Eggs of T. canis and T. cati look very similar under the light microscope, in 

some eggs it seems that the surface pits and ridges of T. canis are larger and 

coarser than in the eggs of T. cati. However, unlike the eggs of Toxocara spp., 

eggs of T. leonina have no surface pits and ridges but are smoother on the 

surface.   

 

b. Second-stage larvae of T. canis recovered from the eggs and from the infected 

tissues of mice were stumpy and vigorously motile. The larval stages from 

both sources were similar in their morphological features and had comparable 

size measurements indicating that larval stages did not undergo development 
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in the paratenic host. Like the larvae of T. canis, second-stage larva of T. cati 

recovered from the eggs and from the infected tissues of mice were stumpy 

and vigorously motile. The larval stages from both sources were similar in 

their morphological features and had comparable size measurements.  The 

second-stage larvae of T. canis recovered from eggs or from tissues of mice 

had a greater width than the comparable second-stage larvae of T. cati. Unlike 

the larval stages recovered from the embryonated eggs of T. leonina, larvae 

recovered from infected tissues of mice were longer and wider and had more 

distinct morphological features. This indicated that larval stages recovered 

from the tissues of infected mice had probably undergone development to 

third-stage larvae. 

 

c. Adults T. canis, T. cati and T. leonina resemble each other in their gross 

morphological features, but also differ in their detailed and fine structural 

features. The major differences were on the shape of cervical alae, the 

presence or absence of an esophageal ventriculus, the position of the vulva in 

the female worms, as well as the number and arrangement of papillae on the 

tail of the male worms.  

 

d. Precloacal median papilla were recorded and described in males of T. canis 

and T. cati. Previous researchers did not describe the presence of these 

structures in male Toxocara spp. worms. In the present study, a female T. 
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canis worm with a length of 27.5 cm was recovered from an infected dog and 

it was larger than any recorded in the literature. 

 

2. In the study of the modes of transmission of ascarids, it has been observed that 

transplacental transmission of T. canis occurred in mice infected during but not 

before pregnancy. Transmammary transmission of T. canis and T. cati larvae had also 

occurred in mice infected prior to or during pregnancy. However, unlike in T. canis 

and T. cati, had neither transplacental nor transmammary transmission occurred in T. 

leonina. Larval stages were recovered from most tissues and organs of infected mice, 

and the larvae gradually accumulated in various extraintestinal tissues for the three 

ascarid species and especially in the brain of mice infected with T. canis. 

 

3. The study on T. leonina transmission to the definitive hosts through experimentally 

infected mice as paratenic host, has indicated that dogs can be infected by ingesting 

infected tissues of mice that were infected with T. leonina infective eggs originally 

obtained from dogs. However, in cats this was not possible and it has been suggested 

that cats may not be the proper definitive host for T. leonina originating from dogs.   

 

4. In an epidemiological survey of Toxocara spp. T. leonina, and other intestinal 

helminths of dogs and cats in Jimma, Southwestern Ethiopia, it was shown that the 

overall prevalence rates for parasitic infection were 60.78% in faecal samples of dogs 

from the environment, 78.60% in faecal samples of dogs taken from the rectum, 

66.23% in faecal samples of cats and 33.38% in soil samples were recorded.  Parasite 
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species identified were Toxocara canis, T. cati, Toxascaris leonina, hookworms, 

Spirocerca lupi, Trichuris vulpis, taeniids, Ascaris species and Strongyloides species.  

A relatively high mean egg count of 15.25 was observed for T. canis in dog faecal 

droppings collected from the environment.  The potential of these parasites as a cause 

of zoonotic infections, ways of prevention of infection and control measures were 

discussed. 
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HOOFSTUK IX 

OPSOMMING 

Die huidige studie verskaf omvattende inligting met betrekking tot aspekte van die 

morfologie, lewensiklus, en epidemiologie van Toxocara canis, Toxocara cati en 

Toxascaris leonina.  Die resultate van die studie word kortliks as volg opgesom: 

 

1. In die morfologiese studie van hierdie parasiete is waargeneem dat daar belangrike 

morfologiese ooreenkomste tussen die ontwikkelende stadiums van T. canis, T. cati 

en T. leonina bestaan.   ‘n Deeglike en indiepte ondersoek het egter aangetoon dat 

die onderskeie stadiums op die fyner morfologiese vlak wel van mekaar verskil.  Die 

waargenome verskille in morfologie was die volgende: 

 

a. Eiers van T. canis en T. cati lyk baie dieselfde onder die ligmikroskoop, in 

sommige eiers blyk dit asof die oppervlakgaatjies en -riwwe van T. canis 

groter en growwer is as in die eiers van T. cati.  In die geval van T. leonina 

besit die eiers egter geen sodanige oppervlakgaatjies en -riwwe nie en is die 

oppervlak in hierdie spesie gladder.   

 

b. Tweede larwaal stadiums van T. canis wat uit eiers asook van geïnfekteerde 

muisweefsel verkry is, was kort, dik en baie beweeglik.  Die larwes van beide 

bronne het ten opsigte van hul morfologiese eienskappe ooreengekom en het 

ook goed vergelyk in liggaamgroottes wat ‘n aanduiding is dat die larwes nie 

ontwikkeling in die parateniese gasheer ondergaan het nie.  Net soos in die 
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geval van T. canis, was die tweede larwaalstadium van T. cati herwin uit eiers 

sowel as geïnfekteerde muisweefsel, ook kort, dik en baie beweeeglik.  Die 

larwaalstadiums vanuit beide bronne het morfologies sowel as in hul 

liggaamsgroottes ooreengekom.  Die tweede larwaalstadiums van T. canis 

vanuit eiers of muisweefsel was wyer as die ooreenstemmende tweede 

larwaalstadium van T. cati. Anders as die larwaalstadiums verkry uit 

geëmbrioneerde eiers van T. leonina, was die larwes herwin uit geïnfekteerde 

muisweefsel langer en wyer met onderskeidende morfologiese kenmerke. 

Hierdie verskille dui moontlik daarop dat die larwes vanuit geïnfekteerde 

muisweefsel moontlik ontwikkeling na die derde larwaalstadium ondergaan 

het. 

 

c. Volwassenes van T. canis, T. cati en T. leonina toon baie ooreenkomste in 

hulle algemene morfologie, maar verskil ook op grond van hul fyner strukture.  

Die hoof verskille is in die vorm van die nekvleuels, die teenwoordigheid of 

afwesigheid van ‘n esofageale ventrikulus, die posisie van die vulva in die 

vroulike wurms, asook die getal en rangskikking van papillas op die stert van 

die manlike wurms.  

 

d. Prekloakale mediane papillas is waargeneem en beskryf in die mannetjies van 

T. canis en T. cati.  Hierdie strukture is nooit voorheen deur navorsers in 

mannetjies van Toxocara spp. beskryf nie.  In die huidige studie is ‘n wyfie T. 
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canis van 27.5 cm in ‘n geïnfekteerde hond gevind, hierdie wurm was langer 

as enige waarnemings in die literatuur.  

2. In die studie van die oordragingsmetodes by verteenwoordigers van die 

Ascariidae, is waargeneem dat transplasentale oordraging by T. canis in muise 

plaasgevind het wat tydens en nie voor swangerskap geïnfekteer is nie.  

Oordraging van larwes van T. canis and T. cati tydens die soogtyd het ook 

plaasgevind in muise wat voor of tydens swangerskap geïnfekteer is.  Anders as in 

T. canis en T. cati het transplasentale oordraging en oordraging tydens die 

soogtyd glad nie in T. leonina voorgekom nie.  Larwale stadiums is uit die meeste 

weefsel en organe van geïnfekteerde muise herwin, en die larwes van die drie 

spesies het geleidelik in die onderskeie ekstra-intestinale weefsel opgehoop, veral 

in die brein van die muise wat met T. canis geïnfekteer was. 

 

3. Die studie van oordraging van T. leonina na die bepalende gasheer deur muise 

wat eksperimenteel geïnfekteer is, het aangedui dat honde wel geïnfekteer kan 

word deur muisweefsel in te neem wat besmet is met infektiewe T. leonina eiers 

wat oorspronklik van honde verkry is.  In katte was dit egter nie moontlik nie en 

word voorgestel dat katte dalk nie die korrekte bepalende gasheer vir T. leonina is 

wat oorspronklik uit honde verkry is nie.   

 

4. In ‘n epidemiologiese opname van Toxocara spp. T. leonina, en ander intestinale 

helminte van katte en honde in Jimma, suidwestelike Etiopië, is aangetoon dat die 

algemene persentasie besmetting vir parasitiese infeksies 60.78% in fekale 
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hondemonsters uit die omgewing was, 78.60% in fekale hondemonsters vanuit die 

rektum, 66.23% in fekale katmonsters en 33.38% in grondmonsters.  

Parasietspesies wat geïdentifiseer is, was die volgende; Toxocara canis, T. cati, 

Toxascaris leonina, haakwurms, Spirocerca lupi, Trichuris vulpis, 

verteenwoordigers van die Taeniidae, Ascaris spesies en Strongyloides spesies.  ‘n 

Relatiewe hoë gemiddelde eiertelling van 15.25 is vir T. canis in hondemis 

waargeneem wat uit die omgewing versamel is.  Die potensiaal van hierdie 

parasiete as ‘n oorsaak van soönotiese infeksies, maniere om infeksies te voorkom 

en beheermaatreëls is bespreek.   
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APPENDIX I 

DEFINITION OF TERMS 

Alae: Lateral wing-like expansions of the cuticle. 

Amphid: Sensory organ on each side of the ‘head” of nematodes 

Definitive host: Host in which a parasite achieves sexual maturity. 

Denticles: Small toothlike projections.  

Epidemiology: A study concerned with all ecological aspects of a disease to explain its 

transmission, distribution, prevalence and incidence. 

Host: An organism that harbours a parasite. 

Intensity: Number of parasites in an infected host, i.e. the infrapopulation. 

Intermediate host: Host in which a parasite develops to some extent but not to sexual 

maturity and which is an essential link in the life cycle. 

Mean intensity: The average number of parasites per infected host. 

Moult: Periodic cuticle replacement during the life cycle of nematodes. 

Operculum: Lid-like structure on the egg shell through which the larva of a parasite 

escapes. 

Parasite: An organism that depends on another organism (the host) for shelter, transport 

and/or metabolites. 

Paratenic host: A host in which a parasite survives without undergoing further 

development. 

Patent: Stage in an infection at which infectious agents produce evidence of their 

presence for example the onset of egg production. 
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Phasmid: Sensory pit on each side near the end of the tail of nematodes of the subclass 

Rhabditia. 

Prepatent: Developmental stage in an infection before agents produce evidence of their 

presence. 

Prevalence: The number of individuals infected with a particular parasite species as a 

percentage of the number of hosts examined.  

Reservoir: An infectious agent maintained in a host that can serve as a source of 

infection for humans or domestic animals. 

Strain: Refers to a specific population of organisms which share, and are characterized 

by, particular biological or epidemiological features.   

Spicule: Tiny, needle-like copulatory structures in nematodes.  

Vulva: Opening of the uterus to the exterior in nematodes. 

Zoonoses: Disease of animals that is transmissible to humans. 
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APPENDIX II. PERMITS 

 

Permits from ethics committee for the study of  

1. Transplacental and transmammary transmission modes of transmission of 

Toxocara canis, Toxocara cati and Toxascaris leonina in a paratenic host. 

2. Epidemiology of Toxocara canis, Toxocara cati and Toxascaris leonina in 

Jimma, southwestern Ethiopia (written in Amharic language from the research 

and publication office of the Jimma University)  
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