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ABSTRACT

Parasitic infections remain the most important infections affecting companion animals worldwide,

and pose a great risk to animal and human health. Information on these infections in dogs in Ghana

and the management practices for the dogs including anthelmintics used and their effectiveness is

scanty. The objectives of this study were to (i) determine the occurrence and prevalence of

gastrointestinal helminth, ectoparasites and haemoparasites in dogs in the Greater Accra Region

(GAR) of Ghana and the management practices of dogs, (ii) determine the efficacy of

anthelmintics commonly used for dogs in GAR (iii) document clinical and pathological

manifestations of hookworm and ascarid infections in dogs and (iv) validate effectiveness of a

Toxocara canis IgG ELISA in the detection of ascarid infections in dogs.

To determine the prevalence of helminth and hemoparasite infections, faecal and blood samples

were obtained from 392 dogs in the GAR. The faecal samples were examined using the modified

McMaster technique. Blood smears were examined for hemoparasites by microscopy.

Management practices for the dogs were assessed through questionnaires administered to the dog

owners (204), veterinarians (18) and veterinary drug store attendants (32). Overall, prevalence of

gastrointestinal helminths was 62.6% (n=380). Hookworm eggs were found in 178 (48.6%) dogs,

Toxocara canis eggs in 22 (5.7%) and mixed infections of hookworms and T. canis in 38 (10%).

Dipylidium caninum was the adult tapeworm found in (51; 13.4%) dogs aged 12 months and above.

In comparing the management practices with the prevalence using the multivariate analysis

revealed that high prevalence of helminth infection was found mainly in dogs bought from street

vendors (84%; P=O.OOl), not housed (70%; P=O.OOI) and kept for hunting (86.4%; P=O.OOO1) and

security (47.2; P=O.OOI) purposes. Blood samples showed Ehrlichia canis in 15 (4.03%), Babesia

canis in 7 (1.8%) and Trypanosoma spp in 2 (0.5%) dogs. Twenty nine (7.4%) dogs had cutaneous

myiasis caused by Cordylobia rodhaini, one (0.2%) of which also had intestinal myiasis caused
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by Dermatobia hominis. Seventy eight (38.2%) ofthe dogs owners were educated up to the tertiary

level, a few (13; 6.3%) knew the zoonotic risk associated with dog keeping.

Controlled anthelmintic efficacy tests based on the percentage reduction in fecal egg count (FECR

%) and total worm count (WCR %) were carried out for three anthelmintic combinations and

ivermectin (IV) in the treatment of ascarids and hookworms. The tests were carried out on naturally

infected dogs in Kenya. The three anthelmintic drug combinations tested were ALBEN (50mg

albendazole + 5mg praziquantel per kg of bodyweight [kg/bw]), NL (50rhg niclosamide + 4mg

levamisole per kg/bw), PRA (5mg praziquantel+ 14.4mg pyrantel pamoate + 15mg febantel). Each

combination drug and IV was administered as per the manufacturer's instructions to six naturally

infected puppies, aged 6 to 8 weeks. A control group of 6 untreated puppies was included. Two

additional groups of six puppies each, were added during the experiment, to ascertain some lesions

that were observed in the ALBEN treated puppies. The 2 groups were a negative control

(uninfected control) and uninfected but treated with ALBEN (negative control treated). All puppies

were sampled prior to treatment and on daily basis from day 0 to 6 post treatment. They were

euthanized on day 7 for post mortem and, histopathological examination of the intestines.

The FECR % for ALBEN, PRA and NL against Toxocara canis were 100% while that for IV was

99%. For hookworm, NL, PRA and IV achieved 100% efficacy butALBEN had a lower efficacy

of59.3%. Higher efficacy of up to 100% is required for parasites of public health importance. The

WCR% for ALBEN, PRA, NL and IV against T. canis was 97%, 99%, 100% and 74%,

respectively. For hookworm, the efficacies for NL, PRA, IV and ALBEN were 100%,97%, 100%

and 66.2%, respectively. Postmortem examination of the puppies revealed a thickened and

corrugated mucosa of the intestines in 83% (10/12) of the ALBEN treated dogs unlike in the

untreated controls (P<0.05) dogs. Histopathology showed thickening of the mucosa, submucosa

and muscularis of the intestines in 83% of the ALBEN treated dogs.

xix



The development of clinical signs accompanying hematologic, coproscopic and pathological

findings of hookworm and Toxocara infection was studied in dogs. The effectiveness of T canis

IgG ELISA to detect ascarid infections in dogs was also tested. Twelve parasite-free puppies, aged

4 weeks, were randomly allocated to 2 groups. One group was infected with 200 embryonated T

canis eggs administered orally, while the other group remained uninfected. The infections were

followed for 8 weeks post infection (p.i). Twelve other puppies aged between 5 and 6 weeks were

also allocated into hookworm infected and un infected controls. The infected group was given 200

third stage hookworm larvae percutaneously. They were followed up for 7 weeks p.i. Weekly

faecal and hematological parameters were performed on each group for the whole experimental

period. Serum was obtained from the T canis infected dogs weekly for the ELISA tests. All dogs

were euthanized on week 7 and 8 for hookworm and T canis respectively, for necropsy and

histopathological examinations.

Prepatent periods for T canis and hookworm were 28 and 14 days respectively. Clinical signs and

hematologic results for the 6 Toxocara infected dogs included weight loss (66.6%), dullness

(100%), lymphocytosis (83.3%) and eosinophilia with mass degranulation (66.6%).

Histopathological lesions included destruction of villi (100%), marked increase in infiltration of

eosinophils, lymphocytes and plasma cells in the lamina propria and submuscosa of the intestines.

The IgG ELISA failed to detect infection in T canis infected dogs. Clinical signs and hematologic

results seen in hookworm infected dogs included weight loss (83.3%) and persistent piloerection

(of the backline fur) in 5 out of 6 dogs in week 4 to 7 pi. Others were eosinophilia (83.3%) and

lymphocytosis in 5/6. Gross pathological lesions included red spots and tracks in the diaphragmatic

lobes of the lungs in 3 out of 6 infected, ecchymotic hemorrhages in the small intestines in all the

dogs. Destruction of the villi (100%) and oedema of the mucosa in 50% was observed at

histopathology.
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In conclusion, hookworms, Toxocara species and Dipylidium caninum were the gastrointestinal

helminths prevalent in dogs in the GAR of Ghana. Very few dog owners knew the zoonotic risk

associated with dog keeping. Larvae of the flies Cordylobia rodhaini and Dermatobia hominis

were found to cause myiasis in owned dogs. This is the first report describing myiasis in animals

in Ghana. ALBEN was not effective against hookworm and was found to be significantly

associated with an inflammation of the mucosa ofthe intestines in dogs. This has not been reported

previously in dogs. The PRA and NL were effective against hookworm and T. canis. Although

previously described in the diagnosis of ascarid infections in humans, the Toxocara canis IgG

ELISA did not detect Toxocara antibodies in the serum of infected dogs. Eosinophilia, mass

degranulation of eosinophils and weight loss were common features indicative of hookworm and

Toxocara infections in dogs.
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CHAPTER ONE: GENERAL INTRODUCTION

1.1 Background information

Dog keeping has been associated with a number of benefits such as offering companionship,

protection, and as laboratory animals (Robertson et al., 2000; Dai et al., 2009). Pet dogs and cats

have been associated with more than 60 zoonotic diseases among which, helminthosis, assumes

significant public health and veterinary importance globally (Egufa-Aguilar et al., 2005; Sager et

al., 2006). Traversa (2012) reported that toxocariosis and ancylostomosis remain the most

important parasites affecting companion animals worldwide and pose a risk to animal and human

health. Some canine helminths can infect humans and cause significant clinical diseases such as

hydatidosis and visceral and cutaneous larva migrans (Thompson et al., 1986).

Globally, an estimated 2 billion people are affected with soil-transmitted helminthosis (WHO,

2006). Samuel et af. (2001) estimated that 36% of dogs in the United States harbour helminths of

public health importance. Toxocara canis infection rates in western Europe are estimated at 3.5-

34% (Overgaauw, 1997; Lee et al., 2010). In Africa, several studies carried out in a number of

countries indicate that ancylostomosis, toxocariosis, dipylidiasis and taeniasis constituted the

commonest gastrointestinal helminth infections in dogs and cats (William et al., 2002; Davoust et

al., 2008; Abere et al., 2013).

In Ghana, a prevalence of hookworm infection in children was reported to be 45% in Kintampo

municipality (Humphries et al., 2011). However, published literature on helminth infections in

dogs in Ghana is scanty. Ghana has a population of owned dogs of about 1 million, excluding the

numerous un-owned and stray dogs that roam the streets in some communities (YSD, 2009). Pet

keeping, particularly dogs in urban homes has become a very important trend in Ghana, around

cities largely due to security concerns. Dogs (both owned and stray) are allowed to roam streets

and every open space (including play grounds for children) unhindered. The risk factors for the
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occurrence of helminth infections include warm climates, high humidity and large population of

un-owned and stray dogs, among others (McCarthy and Moore, 2000; Sommerfelt et al., 2006).

Ghana has a tropical wet and dry savannah climate with average temperatures of between 21°C to

32°C and average humidity of 50% and 80% (www.meteo.gov.gh). These conditions are

favourable for the survival and translation of most canine helm inths such as Ancylostoma spp and

Toxocara spp in the environment.

The clinical presentations of helminthosis in dogs are non-specific to a particular worm species;

they include inappetance, emaciation, diarrhea, anemia and malabsorption, among others

(Urquhart et al., 1996; Muhairwa et al., 2008). Most public and private veterinary clinics in Ghana

have no access to or are extremely far from laboratory facilities; diagnosis is therefore mainly

based on history and clinical examination. Various broad-spectrum anthelmintics are available for

use in dogs. However, studies describing their efficacy or resistance have not been reported. The

indiscriminate use ofthese drugs may contribute to development of drug resistance (Cohen, 2000).

It is therefore necessary to determine the efficacy of the commonly used anthelmintic drugs in

order to evaluate their usefulness in treatment, prevention and control of helminthosis in dogs.

The diagnosis of gastrointestinal helminth infections in live dogs is mainly based on examination

of faeces for eggs; and culture and identification of helminth larvae. These methods are not only

time consuming and labour intensive, but cannot detect low levels of infection. In recent years, the

detection of helminth infections in humans, such as strongyloidiosis, using the enzyme linked

immunosorbent assay (ELISA) has been reported (Sykes and McCarthy, 2011). Studies to

determine the effectiveness of ELISA in diagnosis of helminths infections in dogs were required

to determine its specificity and sensitivity in diagnosis.
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1.2 Objectives

1.2.1 General objective

The objective of this study was to determine the clinical manifestation, diagnosis and management

of selected natural and artificial parasitic conditions in dogs in Ghana and Kenya.

1.2.2 Specific objectives

1. To establish the occurrence of gastrointestinal helminth infections in dogs in the Greater

Accra Region, Ghana (GAR).

2. To determine management practices for dogs in the GAR region.

3. To determine efficacy of selected anthelmintics in dogs.

4. To document clinical and pathological manifestations of hookworm and ascarid infections

in dogs in Kenya.

5. To validate use of Toxocara canis IgG ELISA for detection of ascarid infections in dogs.

1.3 Justification

Considering the risk factors for the occurrence of Helminthosis in pet dogs, a study of its

occurrence and treatment would be useful for long term formulation and implementation of

effective control strategies in animals which would also contribute to effective control in humans.

The prevalence study is of public health importance, in determining the zoonotic helminths that

might be prevalent in Ghana. It is not clear how many of the hookworm infections found in

humans are shared with pets in Ghana, given that eosinophilic enteritis, an emerging zoonotic

disease, is caused by A. caninum (Prociv and Creose, 1996). Determining the prevalence in dogs

could pave the way for further studies to establish the role of canine hookworms in human

infections in Ghana. The study will be a useful tool in the collaborative effort between
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veterinarians and medical practitioners in the control of zoonotic helminths, thus, promoting "The

One Health Concept", as a critical approach in the management of zoonoses. The information

obtained will also serve as a tool for awareness creation for pet owners and the general public

based on evidence.

The efficacy trials of anthelmintics in dogs will facilitate the establishment of deworming regimes

with the appropriate anthelmintics for the helminth control. Evidence of published efficacy studies

conducted on anthelmintic drugs imported into Ghana is scanty. Data is required to design a

strategic regime for deworming that will ensure efficient control of helminths in dogs.

In determining the clinical presentation and management practices for various types of zoonotic

helminthosis in dogs in Accra, some key features will be highlighted which could improve the

array of important diagnostic tool for the veterinary practitioner in Ghana.
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CHAPTER TWO: LITERATURE REVIEW

2.1 General overview

Parasitism is common in dogs and cats and can occur regardless of the age, sex and breed of the

animal (Tam, 2003). Gastrointestinal helminths remain a common finding in dogs and cats, despite

the availability of anthelmintic drugs globally (Blagburn, 2001). Intestinal parasites are considered

some of the major enteropathogens of dogs, particularly in puppies (Blagburn et al., 1997).

According to Soulsby (1982), 17 species each of trematodes and cestodes, and 20 species of

nematodes affect animals worldwide. Dogs are the definitive hosts of a number of helminths,

which can infect domestic animals, resulting in economic losses (Dai et af., 2009).

2.2Type of helminths in dogs

Several types of parasitic infections have been documented in dogs and include nematodes

Spirocerca lupi, Physaloptera spp, Strongyloides spp, Ancylostoma spp, Toxocara spp, Trichuris

vulpis; the cestodes Dipylidium caninum, trematodes Paragonimus spp; and protozoa Babesia

canis and Trypanosoma spp (Table 1). This study focused on toxocariosis and ancylostomosis, due

to their public health importance (Dai et al., 2009) and threat to the host: lowered resistance to

infection, retarded growth and reduced feed efficiency (Soulsby, 1982). Information on these

parasites in Ghana is scanty.
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Parasite

Table 2.1: Common gastrointestinal worms and haemoparasites of dogs

Anatomical locationGeographical
distribution

Nematodes
Spyrocerca lupi

Strongyloides spp
e.g.Strongyloides stercolaris
Ascarids (Toxocara canis,
Toxocara leonina)
Hookworms (Ancylostoma and
Uncinaria spp.)
Dirofilaria spp

Aerulostrongylus spp

Cestodes
Taenia spp, Dipyllidium
caninum, Echinococcus spp
Trematodes
Alaria spp
Paragonimus spp

Tropical and
subtropical areas
Worldwide

Worldwide

Tropical and sub-
tropical
Warm temperate and
tropical areas
Worldwide

Worldwide

Worldwide

North America and
Asia
US, Siberia
US

Nodules in esophagus, aortic
walls or gastric mucosa
Small intestines

Small intestines

Small intestines

Cardiovascular system

Lungs

Intestines

Small intestines

Lungs

Nanophytus
Heterobilharzia americanum
Protozoa !Rickettsia
Babesia spp Worldwide Blood leucocytes

Ehrlichia canis Worldwide Blood leucocytes

Isospora spp Worldwide Intestines
Trypanosoma spp Worldwide Blood
Giardia Worldwide Intestines
Balantidium coli Worldwide Intestines

Small intestines
Mesenteric veins

Source: Soulsby (1982); Urquhart et al., (1996); Merck Veterinary Manual (1oth ed); Sherding and
Johnson (1994)
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2.2.1Hookworms

Hookworms are nematodes of the family Ancylostomatidae (Urquhart et al., 1996)). They are

associated with morbidity and mortality in animals due to their blood sucking activities in the

intestines (Urquhart et al., 1996). Two species namely A. caninum and A. brazilienze are the main

hookworms species that affect dogs. Ancylostoma caninum is considered the most widespread and

is common in humid tropical and subtropical countries. Transmission occurs through the ingestion

of the third-stage larvae, larval penetration of the skin, and/or ingestion of other vertebrate hosts

with infective larvae in their tissues (Hendrix et al., 1996). Infections can also occur in uteral

(prenatal) or through the milk from the dam to puppies (Sherding and Johnson, 1994). In both

routes of infection (oral or skin penetration), the infective larvae go into' the blood circulation,

through the heart to lungs, penetrate alveoli, are coughed up and swallowed, and finally end up in

the small intestines (Hendrix et al., 1996; Urquhart et al., 1996; Ballweber, 2001). The larvae may

complete the life cycle in the wall of the small intestines or remain dormant in the intestinal wall,

thoracic or abdominal musculature, to be reactivated later (Lefkaditis, 2001). The larvae become

an important reservoir of infection.

Warm climate (Temperatures of 25°C -30°C) and high humidity (85%) support the development

and survival of infectious larvae in contaminated environment (Blagburn, 2001). Ghana has a

tropical wet and dry savanna climate (www.meteo.gov.gh) with conditions favourable for helminth

infections. The dearth of information of the prevalence implies that Ghana could be missing out

on conditions that are deleterious to the health of dogs and man.
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2.2.1.1Clinical forms and signs of ancylostomosis

Four clinical forms of ancylostomosis have been described by Georgi (1985) in hookworm

infections namely, peracute, acute, chronic (compensated) and chronic (decompensated)

ancylostomosis. Peracute ancylostomosis occurs in the transmammary infection of young puppies.

Theacute form occurs in older puppies that have suddenly been exposed to overwhelming numbers

of infective larvae. Macrocytic hypochromic anaemia, pale mucus membranes, bloody diarrhea,

weight loss, weakness, poor growth may be present. Pneumonia may also be observed in puppies

(Sherding and Johnson, 1994; Blagburn et al., 1997; Ballweber, 2001). The chronic (compensated)

formoccurs in immunocompetent dogs not exposed to large numbers of larvae, and clinical signs

areusually absent. However, hookworm eggs may appear in faeces with changes in the haemogram

suchas reduction in erythrocyte count, hemoglobin and packed cell volume (Urquhart et aI., 1996).

Secondary (decompensated) ancylostomosis occurs in older dogs, and it is usually secondary to

other ill-health conditions. Severe anaemia is considered to be always present (Ballweber, 2001).

2.2.2Ascarids

Toxocariosis is an infection with ascarids, which affects dogs worldwide (Urquhart et al., 1996).

It affects dogs aged 4 to 6 months, although it can rarely be found in adult dogs, and has been

recognized in a form of visceral larva migrans in man (Blagburn, 2001; Martmez-Moreno et al.,

2007). The main species are Toxocara canis and Toxocara leonina. Transmission occurs through

theingestion of eggs having the second-stage larvae, prenatal and through the milk from the dam

topuppies (Urquhart et al., 1996). Factors that facilitate the spread and intensity globally include

thehigh fecundity of the females, high resistance of the eggs to extreme climatic conditions and

unsusceptibility of the larvae in somatic tissues to most anthelmintics (Bowman, 2003). Humans

areparatenic hosts and can be infected through accidental ingestion of embryonated eggs.
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2.3 Clinical signs of helminth infections in dogs

Diarrhea and weight loss are considered to be the most consistent clinical signs of intestinal

parasitism. Symptoms range from inapparent infection to bloody diarrhea with vomiting,

inappetence, weakness, pallor, emaciation, dehydration and stunted growth (Georgi, 1985;

Sherding and Burrow, 1992; Urquhart et al., 1996).

Verminous pneumonia associated with T. canis may occur in puppies (Ballweber, 2001). Other

clinical signs include coughing, vomiting, unthriftiness, debility, diarrhea, subsequent dehydration

and acid-base imbalance (Urquhart et al., 1996; Ballweber, 2001). Adult ascarids in the small

intestines may induce mucoid enteritis and distended abdomen in heavily infected dogs

(Ballweber, 200 I).

The clinical signs of helminth infection as described here could easily be taken for any condition.

The inadequacies of veterinary laboratory facilities in Ghana imply that most of these conditions

could be misdiagnosed and not properly treated.

2.4 Zoonotic importance of ancylostomosis and ascariosis

2.4.1 Toxocariosis

Globally, Toxocara spp have been reported to be zoonotic and cause human infections (Lee et al.,

20 I0). Several syndromes have been ascribed to Toxocara species, and these include visceral larva

migrans, ocular larva migrans, covert toxocariosis and some neurological and atopic symptoms

(Overgaauw and van knapen., 2013). Visceral larva migrans is reported to be more frequent in

children aged 1-3 years (Overgaauw and van knapen, 2013). Recurrent abdominal pain and

eosinophilia have also been associated with covert toxocariosis (Pawlowski, 2001). Pinelli et al.

(2008) reported an association between Toxocara spp. and the incidence of chronic airway disorder

(asthma). Toxocara spp eggs have been found to contaminate 10-30% of soil in back yards, parks,
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playgrounds, lake beaches and other public places across the globe (Mizgajska- Wktor and Uga,

2006).

2.4.2 Ancylostornosis

It has been proven that enteric infection with A. caninum can lead to eosinophilic enteritis in man

(Walker et al., 1995; Prociv and Creose, 1996). Cases of enteric human infection caused by A.

caninum have been reported in Australia, South America, Philippines, Israel and the United States

of America (Prociv and Creose, 1990; Creose et al., 1994; Prociv et al., 1994; Walker et al., 1995).

It is suggested that eosinophilic enteritis is underdiagnosed, since it could easily be overlooked in

pathological specimens (Overgaauw and Knapen, 2013).

A search through published literature gave very little information on the histopathological lesions

oftoxocariosis and ancylostomosis in dogs. This study seeks to assess these lesions in anthelmintic

treated and untreated dogs, which could serve as diagnostic tool for the veterinary practitioner.

2.5 Diagnosis of hookworm and ascarid infections in dogs

Clinical signs and history supplemented by hematological and fecal examinations could lead to a

diagnosis (Urquhart et al., 1996; Muhairwa et al., 2008). Large numbers of strongyloid eggs are

passed in feces approximately 3 weeks post infection with hookworms. Clinical signs may be seen

in neonates before the pre-patent periods and the appearance of eggs in the feces is indicative of

disease (Sherding and Johnson, 1994). Eggs are found in acute cases, although clinical cases may

appear during the prepatent phase. Fresh feces are required for the macroscopic and microscopic

identification of hookworm and ascarid eggs.

In recent years, Toxocara canis IgG ELISA has been used as an alternative test to diagnose

infections with helminths such as Strongyloides in humans (Sykes and McCarthy, 2011), and

10



hookworms in laboratory animals (Bungiro and Cappello, 2005). Several studies have used copro-

antigen ELISA in the diagnosis of canine echinococcosis (Buishie et al., 2005), Giardia and

Cryptosporidium infections in dogs and cats (Cirak and Bauer, 2004). However, few studies have

been conducted using ELISA for the detection of hookworm and ascarid infections in dogs.

2.6 Control and management of gastrointestinal helminths in dogs

Given that Toxocara eggs can resist adverse environmental conditions and remain infective for

many years (Parson, 1987), prevention of environmental contamination is recommended

(Glickman and Shofer, 1987). Some methods that are used to decrease environmental

contamination include restriction of free roaming dogs, preventing dogs and cats from public

places (particularly children's playgrounds) and strategic anthelmintic treatment of dogs and cats

(Overgaauw and van knapen, 2013).

Several anthelmintic drugs effective against ascarids are available and include Diclorvos,

Mebendazole, Nitroscanate, Fenbendazole and Febantel. Pyrantel pamoate is considered safe for

very young and severely debilitated animals. Those that are used against tapeworms include

Nic\osamide and Levamisole, while those for trematodes include praziquantel and pyrantel

(Sherding and Johnson, 1994).

2.7 Myiasis

Myiasis is the invasion of live or dead tissue by larvae of dipterous flies (Mathieu and Wilson,

2000). Dipterous flies noted for causing furuncular myiasis in animals and man are Dermatobia

hominis, Cordylobia anthropophaga and Cuterebra species (Urquhart et aI., 1996; Francesconi

and Lupi, 2012). Myiasis is classified as cutaneous (furuncular and migratory), wound and cavitary

based on the infestation in relation to the location on the host (Burgess, 2003). In Central and South

11



America, D. hominis was reported as the cause offuruncular myiasis (Francescon and Lupi, 2012).

In sub-saharan Africa, C. anthropophaga and C. rodhaini are responsible for cutaneous myiasis in

animals and man (Logar et al., 2006; Mcgraw and Turianski, 2008).

Dermatobia hominis, also known as the human bot fly, can affect most mammals and uses phoresis

as mechanism of infestation (Francescon and Lupi, 2012). Mosquitoes are considered to be

important vectors in the transmission (Vijay et aI., 2013). Although endemic in Central and South

America, cases have been reported in other parts of the world (Mandell et al., 2000). Rodents and

antelopes are the main hosts of C. rodhaini (Pampiglione et aI., 1991). Humans become incidental

host of the larvae of D. hominis when they come into contact with contaminated environment with

eggs containing infective larvae ready to hatch (Khan, 1999). In animals, flies causing myiasis are

noted for economic losses in animal husbandry including, reduced milk production, weight loss,

reduced hide quality and infertility (Shutt et al., 1988).

High temperature, relative humidity, rainfall and susceptibility of the host are the factors that

determine the occurrence of myiasis in a host (Urquhart et al., 1996). Ghana's tropical savanna

climate and humidity create the ideal climatic conditions for breeding and spread of flies that

causes myiasis.

Although myiasis has been widely reported in some African countries such as Nigeria (Ogo et aI.,

2009) and Sudan (Adam et aI., 2006), published data on the occurrence of myiasis in animals and

humans in Ghana is scanty. Publications have described human cases each of C. rodhaini and C.

anthropophaga among travellers, purportedly acquired in Ghana but diagnosed in Israel (Tamir et

al., 2003) and Slovenia (Logar et al., 2006) respectively. Cordylobia anthropophaga was

diagnosed in an American child who was temporarily residing in Ghana (Biggar et al., 1980).

Nonetheless, a search through published data has yielded no information on myiasis in animals in
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Ghana. With myiasis found in people who have purportedly acquired it in Ghana, it is most

probable that it exists in Ghana but has either not been diagnosed or neglected. It is therefore

crucial to determine its occurrence and distribution among dogs in Ghana.

2.7.1 Clinical signs and treatment of myiasis in dogs

Cutaneous myiasis is the commonest of all forms of myiasis (Diaz, 2009). Cutaneous myiasis is

characterized by furunculoid lesions, with central pores, which exudes serosanguineous or purulent

fluid (Francescon and Lupi, 2012; Hohenstein and Buechner, 2004). The application of pressure

on such lesions lead to the expulsion of the larvae and liquefied tissue (Ogo et al., 2009).

Symptoms include pruritus, movement sensation and pain to the infected host. Treatment involves

the mechanical or surgical removal of the larvae and symptomatic treatment of the affected area

(Francesconi and Lupi 2006).

2.7.2 Public health importance of myiasis in dogs

Myiasis is considered to be among the five most common dermatological conditions, representing

7-11% of all cases in travellers (Lukin, 1989). Urquhart et al. (1996) described fatal brain damage

in children due to larval migration through the fontanelle into the cranial cavity. Dermatobia

hominis, for example, is noted for causing furuncular myiasis, especially in children, probably due

to the thin nature of their skin (Kozminska-Kubarska, 1981). Humans become infected when they

come into contact with contaminated soil or clothing (Veraldi et al., 2014).

2.8 Haemoparasites in dogs

Dogs are known to be infected by different haemoparasites such as Babesia spp, Trypanosoma

spp, Leishmania spp, Hepatozoon spp, Ehrlichia spp, Anaplasma spp , Mycoplasma spp,

Haemobartonella spp and Dirofilaria spp (Urquhart et al., 1986). These parasites are transmitted
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through arthropod vectors including ticks, lice, triatomines, mosquitoes, tabanids and

phlebotomine sand flies. They produce illness collectively termed as canine vector-borne diseases

(CVBD) in tropical and subtropical countries (Saritas et al., 2005)

Some haemoparasites such as Trypanosoma cruzi, Ehrlichia ewingii and Ehrlichia chafJeensis are

known to have zoonotic importance (Saritas et al., 2005), causing varied illnesses, from mild fever

to fulminant disease with multi-organ failure (Lako et al., 2007). Babesia is one of the most

important haemoparasites of animals, including dogs and it is found globally, and particularly in

Africa (Taboada, 1998).

Several studies on canine haemoparasites in many countries such as Nigeria (lfeoma, 2013), India

(Bhattacharjee and Sarmah, 2013) and the United States have found Babesia, Ehrlichia and

trypanosoma species to be prevalent in dogs. However, although the climatic conditions in Nigeria

is very much like in Ghana, there is paucity of information on the kind of haemoparasites in dogs

in Ghana. Previous studies on haemoparasites in Ghana have focused on livestock (Bell-Sakyi et

al., 2004; Nakayima et al., 2012). The diversity of canine haemoparasites globally makes them

such that without data, proper treatments and control in dogs may not be effective. There is a need

therefore to determine the kind of haemoparasites in dogs in Ghana.

2.9 Management practices of dogs

Dogs are the most common animal species kept in households around the world, being considered

in many industrialized countries as part of the family (Westgarth et al., 2008). The dogs are kept

for various reasons such as companionship, security and protection (Podberscek, 2006). In many

developing countries including Ghana, data on dog ownership, purpose and husbandry is scarce.
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It is believed that dogs are kept under different management systems with free ranging dogs

dominating in some countries (Asbjer, 2010). Management systems such as free range or poor

housing and feeding practices coupled with increased interaction between dogs, man and other

animals and lack of proper veterinary care of dogs have been reported to favor the transmission of

dog-related zoonoses, including helminth infections (Thompson et al., 2003; Westgarth et al.,

2008). Lack of published information on the management of dogs in Ghana makes this study

necessary in assessing the practices to make recommendations.

It is obvious from the review of literature that although much is known about parasitic infections

in many parts of the world, very little is known about these in Ghana. In Chapter three, the

occurrence of gastrointestinal helminth infections in dogs in the Greater Accra Region, Ghana

(GAR) and the management practices for dogs in the GAR region is presented. The efficacy of

selected anthelmintics in dogs is addressed in Chapters four. Chapter five presents the clinical and

pathological manifestations of hookworm and ascarid infections, and validation of the use of

Toxocara canis ELISA for detection of ascarid infections in dogs. Chapter six discusses the key

findings from Chapters three through to five, with conclusions and recommendations.
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CHAPTER THREE: PARASITIC INFECTIONS AND MANAGEMENT PRACTICES

FORDOGS IN THE GREATER ACCRA REGION OF GHANA

3.1 INTRODUCTION

Several studies have found nematodes to be prevalent in dogs globally and the potential health risk

ofthese parasites to humans remains a significant problem (Shantz, 1994). Toxocariosis is reported

to rank among the most common zoonotic infections (Stewart et al., 2005). It is estimated that

Toxocara infections cause hundreds of cases of unilateral blindness and illness in children

(Schantz, 1989).

In Africa, helminth infections in dogs have been reported in Tanzania (Muhairwa et al., 2008),

Gabon (Davoust et al., 2008), Nigeria (Mahmuda et al., 2012) and Ethiopia (Mekbib et al., 2013).

However, information on these parasites in dogs in Ghana is scanty. Ascariosis and ancylostomosis

in both animals and humans are not listed among reportable diseases in Ghana (IDSR, 2010) ..

Knowledge of the type of gastrointestinal helminths in dogs in a particular area is important in

order to identify the zoonotic potential of the parasites and in designing appropriate strategies for

prevention and control of infections. Management practices such as deworming, housing and

sanitation influence the prevalence and levels of helminth infections in dogs. Information on

management practices is therefore important when instituting control measures. This study was

designed with the aim of determining the prevalence of gastrointestinal helminth infections and

management practices for dogs in the Greater Accra Region (GAR) of Ghana.
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3.2 MATERIALS AND METHOD

3.2.1 Study site and design

A cross-sectional study was conducted in the GAR of Ghana, one of the 10 administrative regions

of Ghana (Figure 3.1 and 3.2). Selection of the study area was based on the fact that it was the

second most densely populated regions in Ghana, with a population of over four million people

(Ghana Statistical Service; www.statsghana.gov.gh). The region has an estimated population of

82,684 owned dogs, and a dog population density of 35/km2 (VSD, 2009). The Greater Accra

region has 2 metropolis, 9 municipalities and 5 districts (MMDs), according to the Local

Government System in Ghana (Figure 3.2) (www.ghanadistricts.com)

3.2.2 Sample size of dogs

A maximum prevalence of 50% was used to calculate the sample size in the absence of published

data on the prevalence of helminth infections in dogs in Ghana. Therefore, at a 95% confidence

level, and a maximum allowable error of 5%, a minimum sample size of 384 dogs was calculated

as per the following formula (Smith, 2006).

n=z' p Cl-p)
d2

• where n= sample size,

• z= degree of confidence of the estimate (=1.96 at 95% confidence level)

p= estimated prevalence of helminth infection in dogs

d= allowable error = 5% = 0.05

17



00'0'

N

s
UPPER WEST

NORTHERN

TOGO

COTE 0'
IVOIRE

.•.

EASTERN

o 200
km

LEGE, 0

c:::J Study Area5
-- Regional Boundary
- International Boundary

50 100

2 O'O"'W 00'0'

Figure 3.1: Map of Ghana showing the Greater Accra region of Ghana, the study site.

Source: Geography Department, University of Ghana.
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Figure 3.2: Map of the coastal part of Ghana showing the districts of the Greater Accra region

of Ghana, the study site (Light green area)

Source: Geography Department, University of Ghana.
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3.2.3 Sampling procedure

In ensuring a geographically representative sampling, the region was clustered into three clusters,

based on the local administrative divisions of the region, namely districts, municipalities and

metropolis (Table 3.1). The two metropol ises were included in the study due to their estimated

high population of dogs. Accra metropolis has 46% of the total human population in the GAR. The

municipalities and districts in clusters two and three were numbered and randomly selected to

make up for the number required for sampling according to the percentages as in Table 3.1. A list

of communities in the selected MMDs was obtained from the Veterinary Offices and cluster

sampling used to recruit dogs for the study.

Table 3.1: The number and percentages of dogs sampled from three clusters of metropolis,

municipalities and districts in the Greater Accra region of Ghana

Cluster *MMDs No. sampled No. of dogs sampled / cluster (%)

1 2 metropolis 2
157 40

2 9 municipalities 6 137 35

3 5 districts 3 98 25

Total 16 11 392 100%

*MMDs: Metropolis, Municipalities and Districts
No.: Number
%: Percentage
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3.2.4 Selection of sampled dogs

Dogs sampled were drawn from (1) veterinary clinics (2) community dogs whose owners were

available at the time of the study and willing to have their dogs sampled and (3) hunting dogs. The

dogs were classified according to the purpose for which they were kept, namely companionship,

security, breeding and hunting. A hunting dog was one that was actively involved in hunting at the

time of the study. A dog's status was classified as apparently healthy if it did not exhibit any

clinical signs of illness at the time of sampling. Any that exhibited signs of diarrhea, vomiting was

excluded from the study. Dogs aged 6 months and below were considered puppies, 7 to 12 months

as young adults and all above 12 as adults (Thrusfield, 2005). Demographic characteristics of the

dogs including age, sex and breed were assessed.

3.2.5 Dog restraint and examination

Puppies and young dogs were restrained with muzzles in order to facilitate their examination,

collection of blood and faecal samples. Dogs above three month of age that presented with

furuncular lesions were restrained by mild sedation using acepromazine maleate (0.01-0.5mg/kg

intramuscularly). This was to facilitate examination and expulsion of the larvae, if present. Where

larvae were expelled, they were preserved immediately in 70% ethanol solution. Larvae were

identified morphologically at the Department of Veterinary Pathology, Microbiology and

Parasitology, University of Nairobi, Kenya.

3.2.6Blood sampling and processing

Three millitres of blood was drawn from the cephalic vein of each dog using a 19-9auge

hypodermic needle, directly into vacuum tubes (Becton, Dickson and Company, USA) with

ethylenediaminetetraacetic acid (EDTA) anticoagulant. The samples were transported in a cool

box to the Noguchi Memorial Institute for Medical Research (NMIMR), University of Ghana, for

hematological analysis. A full blood count (FBC) was performed on each sample using KX-21 NTM
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automated hematology analyzer (Sysmex Corporation, Japan). The parameters measured included

the red blood cell counts (RBCs), hemoglobin concentration (Hb), hematocrit (HCT), packed cell

volume (PCV), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and

mean corpuscular hemoglobin concentration (MCHC). The total and differential leukocyte counts

were also determined.

Blood smears (thin and thick) were prepared for examination for hemoparasites. A wet mount was

performed immediately after blood sample collection and examined under a microscope to check

for microfilaria and trypanosomes.

3.2.7 Faecal sampling and processing

Faecal samples were obtained directly from the rectum of each dog, using a gloved finger. The

samples were processed within 12 hours of collection. Coprological examination, preservation and

clinical diagnosis were performed using the modified McMaster techniques described by MAFF

(1986) and Urquhart et al. (1996). At the laboratory, each fecal sample was examined first for the

presence of adult worms, larvae and tapeworm segments. This was followed by microscopic

examination for parasite eggs and oocysts. Identification of parasite eggs was done according to

the morphological characteristics and keys as outlined by Soulsby (1982) and MAFF (1986).

3.2.8Questionnaire survey

Questionnaire surveys to obtain information on management of dogs and control of parasites were

carried out and administered to dog owners, veterinary clinicians/assistants and veterinary drug

store attendants. The interviews were conducted by the investigator and research assistants

recruited from the School of Veterinary Medicine, University of Ghana.
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3.2.8.1Dog owners' survey

The owners of the dogs selected from the three clusters for faecal and blood sampling (section

3.2.6 and 3.2.7), were the target of the survey. The owners who were willing and consented to the

survey were interviewed using a questionnaire (Appendix I). The information recorded included

demography, level of education, and management of dogs including feeding, housing, control of

endo and ectoparasites as well as general disease control measures.

3.2.8.2Veterinary clinicians and assistants' survey

The Veterinary Clinicians and Assistants in charge of the selected MMDs, were interviewed using

a questionnaire (Appendix II). The variables measured included demographic information, highest

level of education, and type of practice, type of observed gastrointestinal helminth infection and

management of dogs presented to their clinical facilities.

3.2.8.3Veterinary drug store attendants' survey

The list of veterinary drug stores within the clusters was obtained from the veterinary stafffor each

of the selected MMDs. The study area had 32 identified veterinary drug stores and all became the

target of this survey. The questionnaire in Appendix III was administered to the store attendants

and it assessed demographic characteristics of the respondents, level of education, and experience

in veterinary pharmaceutical industry, and commonly prescribed or recommended anthelmintic

drugs.

3.2.9Data analysis

Exploratory data analysis was performed to obtain descriptive statistics. Categorical variables,

such as housing and purpose of keeping the dogs, were compared using Chi square test and student

t-test were used in analyzing quantitative variables like egg per gram of faeces. Comparison of

means across more than two management practices was done using ANOV A test. Binary logistic
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regression was used to express the relationship between binary dependent variable and

independent variables. Data entry and analysis was done using Epi Info ™ (version 7.1.2).

3.2.10 Ethical clearance

Permission was obtained from the Veterinary Services Directorate in Ghana. Individual consent

was obtained from the dog owners (Appendices IV) prior to sample taking on their dogs and

administration of the questionnaires.

3.3 RESULTS

3.3.1 Demographic characteristics of sampled dogs

The demographic characteristics of the dogs are presented in Table 3.2. A total of392 owned dogs

were examined and sampled from 11 out of the 16 MMDs in the GAR. Most dogs (273: 69.6%)

were males and the rest were females (119:30.4%). Majority were mongrel breed with 66.1 % (259)

dogs, followed by crossbreeds (66; 16.8%). The rest were Alsatians 21: 5.3%, Boerbul (16; 4.1 %),

Dobberman (11; 2.8%), Rottweiler (7; 1.7%) and one (0.2%) each of Poodle, Great Dane, Bull

mastiff and Terrier breed of dogs.

The age of the dogs ranged from one month to 14 years with a median of 12 months. Fifty nine

percent (231) of the dogs were above 12 months of age, 98 (25%) were young adults and 63 (16%)

were puppies. The dogs were mostly owned by men (270; 68.9%), family (89; 22.7%), women

(20; 5.1%), children (9; 2.3%) and private companies (4; 1%). They were kept for security (228;

58.9%), hunting (103; 26.3%), companionship 32 (8.2%) and breeding (29 (7.4) purposes (Table

3.2). Eighty four percent (330) of the dogs were acquired as puppies, 14.3% (56) as young adults

and 1.5% (6) as adults.
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Table 3.2: Demographic characteristics, purpose and number of dogs in the Greater Accra

region, Ghana

Demographics and purpose for Number and percentage

keeping the dogs of dogs (n=392)

Sex Male 273 (69.6)

119 (30.4)

63 (16.07)

98 (25.0)

231 (58.9)

259 (66.4)

66 (16.8)

21 (5.3)

16(4.1)

II (2.8)

7 (1.7)

12 (3.0)

228 (58.9)

103 (26.3)

32 (8.2)

29 (7.4)

Age

Breed

Purpose

for dog

keeping

Female

Puppies «6 months)

Young adults (6-12 months)

Adults (> 12 months)

Mongrels

Crossbreeds

Alsatian

Boerbul

Dobberman

Rotweiller

'Others

Security

Hunting

Companionship

Breeding

'Oneeach of Poodle, Great Dane, Maltese, Bull mastiff, Terrier
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3.3.2 Prevalence of gastrointestinal helminths

Faecal samples were obtained from 380 dogs (12 dogs could not yield faecal samples at the time

of sampling). A total of 238 out of the 380 dogs were infected with gastrointestinal helminths,

giving an overall prevalence of 62.6%. Seventy percent of the sampled dogs (267/380) were males

and 29.7% (113) females. However, there was no significant difference (P>0.05) between the sex-

specific prevalence of the males (169; 63.3%) as compared to the females (69: 61.1 %) as shown

in Figure 3.3.

Hookworm eggs (Figure 3.4) were found in 178 (46.8%) samples, mixed helminth specie infection

(hookworm and Toxocara canis combined) in 38 (10%) and T. canis in 22 (5.7%) (Figure 3.5).

Isospora spp were found in 33 (8.7%) samples. Hookworm infections were most prevalent in dogs

aged 12 months and above (90.4%), although they were present across all ages (Table 3.3).

Dipylidium caninum (Figure 3.6) was the prevalent (51; 13.4%) adult worm found in dogs aged

12 months and above (Table 3.3).

The overall age-specific helminth infection among the infected dogs, showed that puppies were

more infected (54; 85.7%; P=0.021) than young adults (59; 60.2%) and adults (125; 54.1) as shown

in Table 3.3. Out of 60 dogs infected with Toxocara spp (singly or in combination with

hookworms), 32 (53.3%) were puppies (P<O.OOI). The median eggs-per-gram (EPG) of faeces for

hookworm was 500 (range 200-65,600) and 160 for Toxocara canis.

26



300

250

~200
o
'Q....
e;..150
Q,I

,.Q

E
i 100

267

50

8Total dogs sampled

113 8Number of dogs infected

Sex-specific prevalence (%)
ofhelmith

o
Males Females

Sex of dogs

Figure 3.3: Sex and sex-specific prevalence of helminth of the dogs sampled in the Greater

Accraregion of Ghana

Figure 3.4 : Hookworm eggs from sampled dogs (Magnification xlO 3.4a) and x40 3.4b)
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Figure 3.5: Toxocara canis eggs from sampled dogs (magnification xlO 3.5a and x40 3.5b)

Figure 3.6a and b: Proglottids of Dypilidium caninum with rice-grain appearance from sampled

dogs in the Greater Accra region of Ghana
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Table 3.3: Age-specific prevalence of helminth and types of helminth infection in dogs from the

Greater Accra region of Ghana

Age Total Total Age-specific and types of helminth infection Overall

number number Hookworm Toxocara 4Mixed SAdult Age-

sampled infected infection tapeworm specific

n=380 (Overall prevalence

prevalence)

'Puppy 63 54 22 16 16 12 54

(16.5%) (14.3%) (40.7%) (29.6%) (29.6%) (22.2%) (85.7%)

2Young 98 59 43 6 10 9 59

adult (25.7%) (15.5%) (72.8%) (10.1%) (16.9%) (15.2%) (60.2%)

3Adult 219 125 113 0 12 51 125

(62.6%) (32.8%) (90.4%) . (9.6%) (40.8%) (54.1 %)

Key
'Puppy: <6 months old
2Young adults: 6-12 months old
3Adults: >12 months old
"Mixed infection: Hookworm and ascarids
SAdult tapeworm: Dogs that had tapeworm in addition to hookworm and ascarids
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3.3.3 Management of the dogs

3.3.3.1 Frequency of anthelmintic therapy

The relationship between management of the dogs and the prevalence of helminth infections is

presented in Table 3.4. The dogs that were given anthelmintic treatment on bi-monthly basis were

least infected (12; 27%) as compared to those treated on quarterly (36; 29.6%), half-yearly (39

(65%) and the dogs that were not on a regular deworming regime (124; 80%).

3.3.3.2 Number of dogs per household

The median number of dogs per household was 3 (range 1-20). A statistical difference in the

prevalence of helminth infection was observed in the dogs that came from households with ::;2

dogs (54; 54%; P=0.054) and more than 5 dogs (21; 65.1 %; P=0.020) as compared to dogs that

came from household with 3 to 5 dogs (49; 35.8%; P=0.724) (Table 3.4).

Thirty eight percent (148) of the dogs came from households that had other animals such as cats,

sheep, goats, fowls and grasscutters (Greater cane rats). One hundred of these dogs (67.6%) were

infected with helminths as compared to 48 (32.4%) of those without other animals species,

however, this was not statistically significant (P>0.05).

3.3.3.3 Source of dogs

Forty two percent (148) of the dogs were purchased from street vendors, commercial breeders

(116; 33.4%) and friends (85; 24.3%) (Table 3.6). The dogs bought from the street vendors were

significantly infected with helminths (83.5; P =0.001) than those purchased from friends (55.3%;

P <0.001) and commercial breeders (32.8%; P =0.003).
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Table 3.4: Management practices and prevalence of helminth infection in dogs in the Greater

Accra region of Ghana

Management practice Number of dogs Prevalence of P value

sampled (%) helminths

Frequency of anthelmintic therapy n=380

Bi-monthly 45 (11.8%) 12 (27%) P=0.032

Quarterly 120(31.6%) 36 (29.6%) P=0.431

Half yearly 60 (15.8%) 39 (65%) P=0.231

IOther 155 (40.8%) 124 (80%) P=0.003

Mean number of dogs per n=204

household

~2 dogs 100 (49%) 54 (54%) P=0.054

3-5dogs 73 (35.8%) 49 (35.8%) P=0.724

>5 dogs 31 (15.2%) 21 (65.1%) P=0.020

Feeding n=392

kitchen left-overs 360 (97%) 152 (42.2%) P=0.0015

Commercial feed 90 (23%) 28 (31.1%) P=0.721

Home-cooked food 38 (9.6%) 23 (60.5%) P=0.632

Hotel swill 10(2.8%) 3 (30%) P=0.179

'Other: Irregular deworming regimes. Anthelmintic therapy follows no particular regime

31



3.3.3.4Feeding and purpose of dogs

The dogs were mostly fed kitchen "left-over" foods (360; 97%). In addition to the left over foods,

90 (23%) dogs were fed commercial foods, home-cooked foods (38; 9.6%) and hotel swill (10;

2.8%). The association between type of feeding and the prevalence of helminths is presented in

Table 3.4. There was no statistical difference in the prevalence of helminth infection in dogs fed

commercial feed (28; 3l.1 %; P=0.721), home cooked food (23; 60.5%; P=0.632) and hotel swills

(3; 30%; P=0.179). However, dogs fed kitchen left-overs were more infected (152; 42.2%;

P=O.OOI)than dogs fed the other types of food. The hunting (99%; P=0.51 18) and security dogs

(90%; P=0.0003) were fed left over foods as compared to those kept for other purposes.

The dogs purchased from commercial kennels were fed commercial food (60%; P<O.OOOI) as

compared to those purchased from friends (12.2%) and street vendors (0). A significant

association was observed in the prevalence of dogs kept for the various purposes (Table 3.6). The

hunting dogs were more infected (89; 86.4%; P=O.OOI) as compared to the security (127; 58.7%;

P=O.OOI),breeding (11; 34.4%; P=0.003) and companionship (10; 34.4%; P=0.134).

3.3.3.5Breed of dogs

Table 3.5 shows the relationship between the type of breeds of dogs and the prevalence of helminth

infection. The mongrels were most infected (225; 86.8%; P=O.OOI) as compared to the crossbreeds

(33; 50%; P=O.OOI), Alsatians (7; 33.3%; P=0.002) and Boerbuls (6; 37.5%; P=0.032). Two

Rottweilers (2; 28.5%) and a Poodle (1; 25%) were infected, but not statistically significant

(P>0.05).

3.3.3.6Housing of dogs

The association between the type of housing and the prevalence of helminth infection is presented

in Table 3.6. More than half of the dogs (230; 58.9%) were free range and roamed about in the
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communities. Twenty seven percent (109) of the dogs were kept in different kinds of structures

(Figures 3.7a and 3.7b). Only 38 (9.7%) were kept in concrete houses that were easy to clean and

disinfect (Figure 3.7a). A few (15: 3.8%) were kept free within walled houses. Seventy percent

(164) of the free range dogs were significantly infected as compared to the dogs free within walled

house (50%; 7; P=0.024), wooden houses (34%; 34; P=0.023) and concrete floors (18%; 6;

P=O.045).Mongrels were less housed (87%; P=O.OO1) as compared to the other breeds.

Table 3.5: Breed and breed-specific prevalence of helminth infections in dogs in the Greater Accra

region, Ghana

Breed Total Number (%) Breed-specific P value

n=392 prevalence

Mongrels 259 225 (86.8%)

Crossbreeds 66 33 (50%)

Alsatian 21 7 (33.3%)

Boerbul 16 6 (37.5%)

Doberman 1I 0

Great Dane 5 0

Rottweiler 7 2 (28.5%)

Poodles 4 I (25%)

'Others 3 0

P=O.OOI

P=O.OOI

P=0.002

P=0.032

P=0.621

P=O.541

'Others: One each of Maltese, Bull mastiff and Terrier
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Table 3.6: Association between prevalence of gastrointestinal helminths and the sources,

types of housing and purpose for which dogs were kept in the Greater Accra region of Ghana

Variable ~ (Total) bNo (%) No. of Prevalence (%) P-values

infected of helminths

Purpose for dog 380

keeping

Hunting 103(27.1) 89 86.4 P <0.001

Security 216 (56.8) 127 58.7 P <0.001

Companionship 32 (8.4) 11 34.4 P =0.003

Breeding 29 (7.6) 10 34.4 P=0.134

Source of dogs c349

Street vendors 148 (42.4) 124 83.8 P <0.001

Commercial 116 (33.4) 38 32.8 P =0.003

Friends 85 (24.3) 47 55.3 P <0.001

Housing of dogs 380

Free range 235 (61.8) 164 70 P<O.OOI

Free within walled 14 (3.6) 7 50 P=0.024

house

Wooden house 98 (25.7) 34 34 P=0.0233

Concrete floor 33 (8.6) 6 18 P=0.0452

Key:
"Nr=Total number of dogs
bNo=Number of dogs in the category
"Owners of remaining 31 dogs unsure of the source of dogs
%=Percentage
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Two concrete dog houses

A wooden dog house----f--~

Figure 3.7: Types of dog houses in the Greater Accra region of Ghana. 3.7a: A concrete structure

with floor that are easy to clean and disinfect. 3.7b: A wooden structure used to house some

breedingdogs
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3.3.4 History of deworming, vaccination of dogs and children in a household

A total of204 dog owners were interviewed from 194 households. They were mostly men (163;

80%), with a high proportion (100; 49%) aged between 30 and 40 years and only 12 (5.8%) were

above 60. Their levels of education ranged from primary school (51; 25%), junior high (21;

10.2%), senior high (48; 23.5%) tertiary education (78; 38.2%), and 6 (2.9%) had no formal

education.

Only 104 (50.9%) of the dog owners could remember or kept records of the last anthelmintic

treatment for their dogs. Ofthis number, 87 (83.6%) administered anthelmintics to the dogs within

3 months of the sampling. Thirty six percent (36%) of the treated dogs were found infected

(P=0.4435). All (100%) of the dog owners introduced newly acquired dogs straight into their

homes without anthelmintic treatments.

Broad spectrum anthelmintics were commonly used to deworm the dogs. They included

Praziquantel-pyrantel-febantel combination, used by 42% of the dog owners, followed by

Ivermectin (35%), Albendazole (23%), and Niclosamide-Ievamisole combination (9%). There

were other drugs (in forms meant for human use), which were administered to the dogs in an extra-

label manner. These included Ketraz® (Levamisole hydrochloride), Zentel® (Albendazole) and

Vermox® (Mebendazole). The age and level of education of the respondents did not influence

(P>0.05) the manner in which helminth infection was controlled in the dogs.

Themedian number of children per household was 3 (range 0-20). Sixty nine percent (194) of the

household had children below the age of 5 years. Sixty percent (116) of these household had at

leasta dog that was infected with helminths (P=0.021).
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Vaccination records of the dogs at the time of the survey, showed that 39.2% (154) of the dogs

were vaccinated against rabies, and 29.3% (115) against a combination of Distemper-Hepatitis-

Leptospirosis-Parvovirus-Parainfluenza plus Rabies (DHLPP+Rabies).

3.3.5 Clinical signs

One hundred and twenty two (31.1 %) of the dogs exhibited signs of ill health. Of these number 70

(57.2%) were infected with helminths. The clinical signs observed included anemia 57 (14.5%),

anorexia 52 (13.2%), lethargy 22 (5.6%), vomiting 9 (2.3%), dermatitis (20; 5.3%). Others were

respiratory distress 10 (2.5%), emaciation 29 (7.4%: Figure 3.8), diarrhea 10 (2.5%) and dullness

25 (6.3%). Seventy five of the dogs (19.1%) had ectoparasites ticks and fleas. Out of the 75 dogs

with ticks and fleas, 65 (87%; P=0.049) were infected with helminths.
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Figure 3.8: An emaciated dog that was infected with hookworm

3.3.6Prevalence of myiasis

Twentynine (7.4%) ofthe total examined dogs (392) had cutaneous myiasis, one of which (0.2%)

had intestinal myiasis. Dogs below the age of 6 months were mostly affected with myiasis

(93.2%),whilst dogs above 25 months had none (Table 3.7). Among the breeds of dogs with

myiasis,the mongrel was most affected with 24 (82.8%) out of 29. The others were 2 (6.9%)

crossbreedsand one each of Boerbul (6.9%) and Rottweiler (3.4%).

Theinfected dogs were mostly males (24~82.8%) and all the infested dogs were free range dogs.

Larvaewere found (45%) on the ventral and lateral sides of the abdomen (Figure 3.9), ventral

aspectof thorax (25%), the neck region (15%), ventral aspect of tail (10%) and interdigital spaces

(5%).Among the myiasis infected dogs, some had anaemia (7; 24%), others unthrifty (5; 17.2%)
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while 9 (31 %) showed no clinical signs (Table 3.8). The larva recovered from intestinal myiasis

was identified as Dermatobia hominis (Figure 3.1 Oa and II.b), while those from the 27 dogs with

cutaneous myiasis were identified as Cordylobia rodhiani (Figure 3.11a).

Table 3.7: The number, age and percentage of dogs infested with myiasis causing larvae in the

various age-group in the Greater Accra region of Ghana

Age-group (Months)

>25

Total number Number infested (%) Prevalence within

sampled (%) age- group

75 (19.1) 27(7%) 93.2%

85 (21.7) 1(0.2%) 3.4%

85 (21.7) 1(0.2%) 3.4%

147 (37.5) 0 0

392 (100) 29 (7.4) 100%

1-6

7-12

13-24

Total

Key: %: Percentage

Table 3.8: Clinical signs exhibited by dogs affected by myiasis

Clinical signs Number (%) n=29 P-value

None 9 (31) 0.0001

Anaemia 7 (24) 0.0125

Unthrifty 5 (17.2) 0.0001

Lethargy 2 (6.9) 0.7551

Alopecia 2 (6.9) 0.7020

Emaciation 1 (3.4) 0.3990

Anorexia 1 (3.4) 0.1053
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Figure. 3.9: The abdomen and flank of a three-month old puppy with funmcular myiasis

characterized by boil-like lesions and pit wounds with larvae protruding from them (yellow arrow)

Figure 3.10: Ventral aspect of the abdomen of a dog infested with myiasis causing larvae.

3.10a: A larvae almost expelled out of the skin (orange arrows). 3.10b: Fissure left by the larvae
of Cordylobia rodhaini (arrows)
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Figure 3.11a: A photograph of freshly removed larvae Dermatobia hominis from the rectum ofa

dog. 3.11 b: Cordylobia rodhaini larvae preserved in 70% ethanol, showing scattered spines (black

arrow)
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3.3.7 Blood parameters and parasites

Blood samples were obtained from all 392 dogs. Ehrlichia canis (Figure 3.12) was found in 15

(4.03%) dogs, Babesia canis in 7 (1.8%),) and Trypanosoma 5PP in 2 (0.5%) dogs. There were no

microfilaria revealed.

Figure 3:12: Blood smear ofa dog showing Ehrlichia canis (arrow) in a monocyte (magnification

xlO)

The study revealed that majority of the dogs (317; 80.6%) had increased white blood cell (WBC)

counts,an indication of leukocytosis, with very few dogs (73; 18.8%) within the normal reference

range (Table 3.9). The differential leucocyte counts revealed lymphocytosis in most dogs (333;

85%), in both the helminth infected and uninfected (P=0.0136). Neutrophilia was observed in most

dogs (331; 84.6%). Monocytes, basophils and eosinophils (MXD) values were normal in many

dogs(303; 77.5%). Only 41 (23.6%) of the hookworm infected dogs had significantly increased

MXDas compared to none in the Toxocara infected dogs (P=0.0409).
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There was no significant difference in the values of the red blood cells (RBC) among the helminth

infected and un infected dogs. Eighty six percent (339) of the dogs had RBCs within the normal

range; out of this number, 271 (79.9%) had an increased mean corpuscular volume (MCV),

indicative of macrocytosis. The hemoglobin levels recorded indicated anemia in 151 (38.7%) of

all the dogs. More than half of the hookworm infected dogs (111; 88.8%) were anemic as compared

to 53 (35%) of the uninfected; however, this was not statistically significant (P=0.4717).

Most dogs (295; 75.3%) had normal hematocrit (HCT) levels within the reference range. Forty

seven percent (184) of the dogs had normal platelets values (Table 3.9). However, 88 (70%) of the

hookworm infected dogs had thrombocytopenia as compared to 58 (33%) of the uninfected

(P=O.5579). All (100%) the Ehrlichia canis infected dogs were asymptomatic (P=0.014).

However, their haemogram revealed lymphocytosis in 66% (10) of the infected dogs.
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Table 3.9: Hematological parameters results from sampled dogs compared to reference ranges

Parameter Mean (SD') Range Reference % of dogs within

N=392 range/ reference range.

White Blood Cells 21.4±9.7 5.0 - 99 5-14 78 (19.8%)

(WBCx1031/l1)

Red Blood Cells (x 10611/l1) 5.8 ± 1.3 0.4-8.6 5-7.9 33'9 (86.5%)

Hemoglobin (Hb g/dl) 12.6 ± 2.7 3.2-22 12-19 242 (61.8%)

Hematocrit (HCT %) 39.7 ± 8.4 10.4-64.2 35-57 295 (75.2%)

Mean corpuscular volume 67.8 ± 5.0 35.4-85.7 66-77 271 (79.9%)

(MCV fl)

Mean corpuscular 21.6 ± 2.9 16.0-69.7 21-26.2 313 (80%)

hemoglobin (MCH pg)

Mean corpuscular 32.8 ± 2.8 22.6-69.9 32-36.2 227 (58%)

hemoglobin concentration

(MCHC g/dl)

Platelets (PLT xl 031/l1) 257.3 0-1814 211-621 226 (57.9%)

±200.9

Differential counts

Lymphocytes (%) 75.3 ±33.4 0-98 8-21% 32 (8.2%)

3MXD(%) 5.9± 8.9 0-92 2-10 303 (77.4%)

Neutrophils 28.9 ± 8.5 0-88.4 58-85% 9 (2.3%)

Key:
ISD -standard deviation
2Referencerange from The Merck Veterinary Manual (www.merckmanuals.com)
3MXD- monocytes, basophils and eosinophils
%: Percenatge
N:Total number
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3.3.8Dog owners' responses

Most respondents (86%) reported that dogs get infected with worms. In response to the question

on the type of worms that affect dogs, 12% (25) indicated roundworms, 2.5% (5) maggots, 2.5%

(5) tapeworms and 1.5% (3) reported hookworms. Regarding the knowledge on conditions

associated with persons in contacts with dogs, 13 (6.3%) responded in the affirmative. Some of

the risk mentioned included rabies (8; 3.9%), dog bites (2; 0.9%) and aggression towards people

(3; 1.4%). Four respondents (1.9%) reported of some reactions they had experienced, attributed to

keeping dogs, as skin rashes (2), bites (1) and itching (1). The latter indicated being treated at the

hospital for skin disease for about a year. However, confirmative diagnosis was not determined.

All dog owners (100%) and 77% (150) of the children played with their dogs.

3.3.9Diseases reported by dog owners

Figure 3.12 shows the commonly encountered health conditions by the respondents (n= 156). Fifty

eight percent (58%) reported parasitism to be the most common, followed by dermatitis (19.8%).

Most respondents (75.6%) indicated that helminth infections occurred during the rainy season and

puppies (65.6%) were mainly affected. The owners (62%) revealed that they would bury dead dogs

as the mode of disposal. However, four of them indicated disposal of the carcasses with garbage

at home.

Helminth infection was reported by respondents to be from the soil (50; 24.5%. n=204), the

environment (31; 15.1%), other infected dogs (18; 8.8%) and food (12; 5.9%). Seventeen (7.3%)

were not sure about the source of helminths infection in their dogs. Dog owners (10; 4.9%)

admitted using herbs to treat their animals and this included cannabis 3 (1.4%), mahogany tree

back 1(0.4%), and unspecified local herbs 7 (3.4%).
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Health conditions reported in dogs

Figure 3.13: Health conditions commonly encountered in dogs in the greater Accra region, Ghana

as reported by dog owners

*Others: Ear infection, hip dysplasia and bites, all 0.6% (1) each

3.3.10 Litter size and mortality rate

The mean (SO) puppy litter size was 9.4±1.5, with puppy mortality (SO) rate of 40±16 by the age

of three months. Puppies whelped in respondents homes (n=164), were sold by 75 (46%), given to

friends (74; 45%) and kept forre-stocking by 15 (~Io) of the respondents. The sale price per puppy,

depending on the breed, ranged from $10 to $450 with a median of$25.

The most commonly reported clinical signs by the respondents were anorexia 73 (35.7%), worms

in stool 40 (19.6%), loss of weight 39 (19.1%) and dullness 38 (18.6%), that were suggestive of

helminth infections. Other reported signs were enlarged abdomen 5(6.1 %), anal pruritus 4(4.9%),

inactivity 2 (2.4%). ocular discharge 1 (1.2%), bloat 1 (1.2%) and overeating 1 (1.2%).
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Most respondents (170; 83.3%) reported that their dogs were vaccinated by Veterinary Assistants

25 (12.3%) Veterinarians, 7 (3.3%), by owners themselves and two (0.75%) by people of unknown

status.

3.3.11Veterinarians' responses

A total of 18 veterinary staff in charge of the MMDs from the study areas were interviewed. They

were mostly men (13; 72%), and employees of government (11; 61.1 %), private (6; 33.3%) and

quasi-government veterinary institutions I (5.5%). They were 10 veterinary surgeons and 8

veterinary Technical Officers (TO). The highest qualification was MPhil / MSc (3; 16.6%), DVM

(7; 38.8%) and veterinary assistant certificates (8; 44.4%). Seven (38.9%) respondents were

below 30 years of age, another 7 (38.8%) between 30 and 50 years and 2 (11 %) were above 60

years of age. The number of years in veterinary practice ranged from 3 to 33 years with a median

of 13.5. Two veterinary surgeons each had specialized in epidemiology and equine medicine.

Five (27%) of the clinicians indicated that they had laboratory facilities on their premises. The

mean (SD) distance between the clinics (without laboratories) and the next laboratory was

l5.6±8.4 kilometers. Four clinicians (22.2%) sent samples to the laboratory on a daily basis, 10

(55.5%) did occasionally when there was a need. Parasites commonly diagnosed included

tapeworm, babesia, ascarids, hookworm, demodex, and ehrlichia (Figure 3.14).
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Figure 3.14: Parasites commonly diagnosed in dogs at the laboratory in the Greater Accra region

ofGhana as reported by the clinicians

3.3.12 Deworming regimes used by the veterinary clinics

Eleven (61.1%) of the veterinary staff interviewed recommended quarterly anthelmintics

treatments for the adults dogs and bi-weekly for puppies. Four (22.2%) recommended monthly

and 2 (11.1%) bi-monthly for the adult dogs. The commonly prescribed or administered

anthelmintic drugs (in order of importance) were praziquatel-pyrantel pamoate-febantel

combination 13 (72.2%), Albendazole-praziquantel 8 (44.4%), Ivermectin 5 (27.7%) and

Niclosamide-Levamisole 9 (50%).

Twelve (68.7%) respondents indicated they had customers who had complained of helminth

infection even after anthelmintic treatment. In those apparent failure of treatment, the drug that

was reportedly used was combination anthelmintic niclosamide-levamisole (6; 54.5%),

praziquantel-pyrantel pamote-febantel (1; 9%) and albendazole-praziquantel (1; 9%). Reasons

assigned to the failure of treatment included incorrect dosage (4; 22.2%), non-adherence to

treatment regime (3; 16.6%), wrong type of anthelmintic (2; 1J. J%) and heavy worm-burden (1;

5.5%).Thirteen (72.2%; n=13) responded to recommending dewonning of bitches, at early stage
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of gestation (8; 61.5%), before mating (4; 30.7%), and in the mid-gestation period (I; 7.6%). On

sources of information on helminth infection to dog owners, veterinary staff was stated by 10

(56.6%), periodicals 4 (22.2%), and internet 4 (22.2%).

3.3.13 Veterinary drug store attendants' responses

There were 32 veterinary drug stores within the Greater Accra region. A total of32 veterinary shop

attendants were interviewed. They were 17 (53%) men and 15 (47%) women. Fifty nine percent

(19) of them had completed senior high education, and 13 (40.6%) tertiary. The respondents were

aged 20-30 years (17; 53.1 %),31-50 (12; 37.5%), less than 20 years (2; 6.2%) and only one above

60 years (1; 3.1 %). The work experience of the attendants in veterinary drug business ranged from

less than one year (5; 15.6%), 1 to 5 years (21; 65.3%) to above 5 years (6; 18.8%)

Table 3.10: Anthelmintics stocked, recommended, fast selling and preferred as reported by

veterinary drugs store attendants (n=32)

Anthelmintic Stocked Recommended Fast selling Preferred

Prazivet 12 (37.5%) 15 (46.8%) 15 (46.8%) 16 (50%)

Alben comb. 9(28.1%) 8 (25%) 8 (25%) 7 (21.9%)

Niclo leva 5 (15.6%) 2 (6.3%) 2 (6.3%) 2 (6.3%)

Sequworm 4 (12.5%) 5 (15.6%) 5 (15.6%) 6 (18.7%)

Vermicanis 2 (6.3%) 2 (6.5%) 2 (6.5%) 1 (3.1%)

Key
Prazivet: Praziquantel-pyrantel pamoate-febantel
Sequworm: Pyrantel em bonate +praziquantel +oxantel embonate
Nicloleva: Niclosamide-Ievamisole
Alben com: Albenadazole-praziquantel
Vermicanis: Levamisole
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The canine anthelmintics mainly stocked, recommended, fast selling and preferred were

praziquantel-pyrantel pamoate-febantel, albendazole-praziquantel, niclosamide-Ievamisole,

pyrantel-praziquantel-oxantel and levamisole (Table 3.10).

3.4 DISCUSSION

This study was designed to establish the prevalence of gastrointestinal helminth infections in dogs

in the Greater Accra Region of Ghana; and to assess the management practices for dogs in the

region including use of anthelmintics. There was a high prevalence (62.6%) of gastrointestinal

helminths of zoonotic importance, namely hookworms, Toxocara spp and Dipylidium caninum.

This confirmed, that the commonly occurring disease condition in dogs was intestinal parasitism,

as also reported by dog owners and veterinary staff. There was myiasis, both cutaneous and

intestinal in the study dogs, previously not reported in scientific data in dogs in Ghana.

Haemoparasites Babesia, Ehrlichia and Trypanosoma and the ectoparasites ticks and fleas were

other parasitic infections among dogs in the GAR.

High parasitic prevalence was recorded in owned and supposedly cared for dogs. The prevalence

could therefore be higher in the numerous stray dogs in the communities. The prevalence of

hookworm and T. canis in this study was comparable to that reported in Nigeria (Mahmuda et al.,

2012), Tanzania (Muhairwa et al., 2008) and Ethiopia (Abere at al., 2013). However, it is much

higher than that reported from Western Europe (Overgaauw, 1997) and the United States (Samuel

et al., 2001). Possibly because the tropical conditions in the African countries are conducive for

the development, survival and transmission of infective stages of the parasites. This may account

for the high prevalence of hookworm and T. canis in the study area.

50



Another significant finding in this study was that 59% of the dogs were not housed and were

significantly more likely to be infected by hookworm and ascarids as compared with the dogs that

had any kind of housing. With only 9% of the dogs being kept for companionship and therefore

less likely to harbor helminths, the role of care for these dogs need to be emphasized.

Helminth infected dogs were found in sixty percent (116) of households with children below the

age of 5 years. This could be a source of concern, since they were more at risk if exposed to

contaminated environment. This could be compounded by the fact that only 6.3% of the dog

owners were aware of the zoonotic potential of parasites in dog keeping. This is similar to the

study by Mekbib et al. (2013) who reported that 99.2% of dog owners in Ethiopia were not aware

of zoonotic parasites.

Majority of the dogs were acquired as puppies «3months of age), the most vulnerable period for

helminth infection (Shantz, 2004), transplacentally, transmammary or direct ingestion of infective

material (Ballweber, 2001). Yet, these puppies were introduced straight into their new homes,

without first receiving any prophylactic treatment. This implies that, a newly acquired and infected

puppy could easily introduce and contaminate their new environment before they received any

anthelmintic treatment. As few dog owners had knowledge of the zoonotic potential of parasites

inthe dogs they kept, there was laxity in taking appropriate precautions; thus exposing other dogs

andpeople to infection.

Itwas also significant to note that 42% of the dogs were purchased from street vendors and were

more likely to be infected with helminths. The hunting dogs were fed kitchen "left-over" foods,

leavingthem to scavenge in search for food since they were mostly not housed. Infected hunting

dogscould serve as an important source of transmission and contamination of the environment to

otheranimals and man.
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Dipylidiumcaninum, a zoonotic tapeworm was the adult worm found in dogs in GAR. Dogs, cats

and wild carnivores are its definitive hosts, although man becomes an occasional host (Adam et

al., 2006). It was observed that in most households where dogs were sampled had children below

the age of 5 years, the presence of this parasite is of public health importance. Chi Idren are noted

for being more likely to be infected with dipylidiasis than adults (Molina et al., 2003). Therefore,

inhouseholds where infected dogs and young children live in close proximity, the risk of infection

isgreater.

A mean distance of 15km between the veterinary clinics and the laboratory facilities (for the clinics

without in-house laboratory facilities), could be a disincentive for sending of samples to the

laboratory. There is therefore a possibility of not diagnosing helminth infections, a situation that

may inevitably lead to inadequate treatment and control measures.

The prevalence of myiasis in dogs in the GAR is significant, considering the fact that the condition

was encountered in dogs which were all owned, and supposedly well cared for. According to

Anderson and Huitson (2004), neglect of pet animals is one of the important risk factors for

developing myiasis. It could be deduced that those affected were probably the neglected ones

among the lot. The prevalence, however, could be an underestimation of myiasis in dogs in the

study area. This is because only a few dogs below six months of age were .sampled, and majority

of those sampled were infected. This could be an indication that age may have influenced the

prevalence rate obtained, since younger animals appeared to be more susceptible to myiasis

(Kozminska-Kubarska, 1981).

Although D. hominis is considered to be mainly native to Latin America (Roosje et al., 1992;

Logar et al., 2006), it is possible for it to be found in tropical Africa. Dermatobia hominis in Ghana

is of economic and public health importance due to its capability to develop in a wide variety of
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definitive hosts including domestic and wild animals and man (Hendrix et al., 1996). This implies

that under favourable conditions, more hosts could be infected, even in unaffected areas.

Dermatobia hominis is believed to be transmitted by mosquitoes through phoresis (Francescon

and Lupi, 2012), which increases the likelihood of its transmission from dogs to humans.

Additionally, the larvae produce painful furuncular lesions with central pores, which can be all

over the body of the dogs and other hosts (Harwood and James, 1979). Such swellings can cause

tremendous discomfort to the infected hosts. Fifty nine percent of the dogs in this study were not

housed, as dogs are considered important hosts for D. hominis, they could serve as carriers for the

spread of the disease. Cordylobia rodhaini is also zoonotic and its occurrence in dogs in the study

area may lead to spread of myiasis from animal to animal and to humans.

In the absence of published data on human cases of myiasis reported in Ghana, one wonders if

cases of myiasis in humans were not being missed or misdiagnosed. This therefore calls for

thorough investigations to ascertain the occurrence or not of human cases of myiasis. Measures to

control the flies in order to protect humans should also be put in place. Treatment and control of

infections in dogs need to be intensified in order to prevent zoonosis. There is a need to improve

on dogs management in the GAR for proper control of helminthosis.

The survey revealed neutrophilic and lymphocytic leukocytosis in over 80% of the total dogs

sampled; both helminth infected and uninfected. Neutrophils are granulocytes that playa key role

in the primary defense against invasion of tissues by microorganism (Reber et al., 2002). Causes

of neutrophilia include physiologic or epinephrine induced, stress-induced, acute and acute

inflammation, hemolytic anaemia, granulocytic anaemia and inherited granulocyte defects (Reber

et al., 2002; Stockam and Scott, 2008). Peripheral blood lymphocytes serve as memory cells of

the immune system and their increase is associated with excitement, antigenic stimulation and

lymphosarcomas (Abramson and Melton, 2000; Reber et al., 2002). Although it was not certain
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the reason for the neutrophilia and lymphocytosis found in the majority of the dogs sampled, the

normal appearance of the neutrophils and lymphocytes coupled with their increase in both

helminth infected and uninfected dogs suggests an excitement or stress induced neutrophilia and

lymphocytosis which agrees with Avery and Avery, (2007). Additionally, the sampling was snap

shot, making it difficult to establish any prior conditions in these dogs that may have given this

blood picture. However, the increased number of eosinophils, basophils and monocytes in the

hookworm infected dogs agrees with what was found in canine hookworm infections in dogs by

Ural et at. (2012).

Ehrlichia spp, Babesia spp and Trypanosoma spp were found in 4.03%, 1.8% and 0.5%

respectively of the dogs in this study. Canine babesiosis and ehrlichiosis, both tick-borne diseases

have worldwide distribution and prevalent in sub-tropical and tropical areas (Harrus and Warner,

1997). Several studies on canine ehrlichiosis have been conducted in some African countries

including Ivory Coast and Gabon (Roquelo et al., 2009), Senegal (Broqui et al., 1991), Egypt

(Botros et at., 1995), South Africa (Pretorius et aI., 1998) and Zimbabwe (Matthewman et al.,

1993). However this finding is significant, in that although some studies have looked at

haemoparasites extensively in livestock in Ghana (Bell-Sakyi et a!., 2004), very little attention has

been paid to haemoparasites in dogs. The rate of infection with Ehrlichia in this study was

comparable to 4.9% rate found in Ivory Coast and Gabon (Roquelo et al., 2009). However, the

rate of infection was lower than 7% found in Nigeria (Adamu et al., 2014). The difference in rate

of infection could be attributed to the method of detection of the parasites; microscopy (Giemsa-

stained thin blood smear) in this study as against molecular methods in the study in Nigeria. Further

studies with serological and molecular methods will be necessary to evaluate the current

epidemiologic situation of canine ehrlichiosis in Ghana.
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The rate of infection of Babesia spp in this study was comparable to what was found in India

(Bhattacharjee and Sarmah, 2013), who reported a prevalence of 1.4% in a veterinary hospital

based study, using microscopic assessment.

Trypanosomosis, a protozoan parasitic infection is mainly transmitted biologically by tsetse flies

(Glossina spp) and mechanically by biting flies (Thumbi et al., 2010). Trypanosomosis is known

to be prevalent in among livestock in Ghana (Nakayima et al., 2012), however, information on its

occurrence in dogs in published literature is almost non-existent. The present study found

Trypanosoma spp in 0.5% ofthe dogs examined by microscopy (Giemsa-stained thin blood smear)

of the dogs. This rate of infection was lower than 5.9% reported in Zambia by Lisulo et al. (2014).

The difference could be attributed to the fact that the dogs sampled in this study were apparently

healthy dogs, whereas in the Zambian study, 13% of the screened dogs had signs suggestive of

trypanosomosis (Lisulo et al., 2010). Control measures for trypanosomosis include the reduction

or elimination of tsetse fly populations and treating infected animals with the appropriate

antiparasitic drugs (OlE, 2009). Ghana is one of the countries participating the Pan African Tsetse

andTrypanosomosis Eradication Campaign (PA TTEC) being conducted in Africa, and hopefully,

trypanosomosis will be eradicated in the nearest future.
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CHAPTERFOUR: EFFICACY OF THREE ANTHELMINTIC COMBINATIONS AND

IVERMECTIN IN THE TREATMENT OF GASTROINTESTINAL HELMINTH

INFECTIONS IN DOGS

4.1 INTRODUCTION

Gastrointestinal helminth infections in small animals are relevant in clinical practice, and their

treatment and control largely depends on their epidemiological knowledge, as well as the

effectiveness of the anthelmintics available in the market (Dib et aI., 2010). Controlling these

parasitic infections benefits not only the dog's health, but also reduces the risk of zoonotic

infections (Mir6 et al., 2006). It is reported that the availability of safe and broad spectrum

anthelmintics has led to more regular anthelmintic treatments mostly without prior diagnosis

(Barutzki and Schaper, 2003). Benzimidazoles such as albendazole and a host of combination

drugs (as reported in the Chapter three of this thesis) are reported to be among the commonly used

anthelmintics by veterinary practitioners (Katiyar et al., 1994).

The findings of the survey on the prevalence and management of gastrointestinal helminth

infections in dogs in Ghana (Chapter 3 of this thesis), demonstrated that three anthelmintic

combinations and ivermectin were commonly used to treat canine helminth infections. They were

a combination of albendazole and praziquantel (Alben potenciado®),praziquantel, pyrantel

pamoate and febantel (Prazivet®), and niclosamide and levamisole (Niclomisole®). The survey

also indicated some apparent treatment failure of some of the anthelmintics (as reported by the

veterinarians interviewed in Chapter three). However, there is paucity of information regarding

the efficacy of the commonly used anthelmintics in the small animal industry in Ghana.

Inprevious studies on the effectiveness of anthelmintics against helminth infections in dogs, the

focus had been on reduction of faecal egg outputs and worm counts; and pathological effects of
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the anthelmintics on the dogs have rarely been assessed (Schmid et al., 2010; Taweethavonsawat

etal., 2010). The purpose of the study reported in this chapter was to determine the efficacy of the

three anthelmintic combinations and ivermectin in the treatment of ascarids and hookworms, and

assess any pathological effects caused by the anthelmintics on the mucosa of the intestines in

treated dogs.

4.2MATERIALS AND METHODS

4.2.1Study area and design

This was a controlled experimental efficacy test carried out in naturally infected puppies, aged

between 6 and 8 weeks. The dogs were purchased from Uthiru, Nduaru, Kanyariri and Ndumbuini

communities in Nairobi and its environs.

4.2.2Selection and care of puppies

The test was conducted in naturally infected puppies with both Toxocara canis and hookworms,

(Table 4.1). Dogs were housed in the kennels of the Small Animal Clinic at the Department of

Clinical Studies, University of Nairobi, throughout the duration of the experiment. They were fed

puppy food (Pedigree®, South Africa), according to manufacturer's guidelines, and supplied with

water ad libitum during the experimental period. They were acclimatized for 7 days prior to

treatment.

Prior to accepting the dogs into the study, thorough physical examination was performed on each

dog. Faecal samples were collected on day 7 and 14 for laboratory analysis, to confirm infection

with hookworms and ascarids. Exclusion criteria included dogs with an egg per gram (EPG) of

faeces below 200, presence of clinical signs of any other diseases and history of treatment with

any anthelmintic within 2 weeks preceding the study.
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4.2.3Anthelmintics used and grouping of dogs

The four anthelmintics (Table 4.1) tested were albendazole-praziquantel (Vetanco, Argentina);

praziquantelyyrantel parnoate-febantel combination (CIPLA India); niclosamide-levarnisole

combination (KEPRO BV, Netherlands) and a macrocyclic lactone ivermectin (Metro vet, Kenya).

The four anthelmintics were selected for being the ones commonly used in Ghana according to the

survey reported in Chapter 3 of this thesis. The tablets, praziquantel-pyrantel pamoate-febantel

(PRA), niclosarnide-levarnisole (NL) and albendazole-praziquantel (ALBEN) were administered

orally to the dogs by delivering them directly into the back of the throat. Ivermectin was

administered subcutaneously at the rate of 400mcg/kg body weight (according to the

manufacturer's instruction.

Thirty dogs were randomly allocated into five groups of six (n = 6 for each group). There were 4

treatment groups and one infected untreated control group (positive control; PCICT). The

treatment groups were ALBEN (albendazole plus praziquantel), NL (levamisole plus

niclosamide), PRA (praziquantel plus pyrantel pamoate and febantel) and IV (ivermectin) (Table

4.1).

A preliminary test of the drugs showed some reaction of the intestinal tract in dogs in the ALBEN

treatment group. Tn order to ascertain that reaction, two additional control groups were added to

thegroups; namely negative control (NC; un infected and untreated), and negative control ALBEN

Treated (NCT; uninfected but treated with albendazole-praziquantel).
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Table 4.1: Anthelmintics and anthelmintic combinations tested for their efficacy against

ascarids and hookworms in dogs

Group Trade namel Company Active ingredients '(mg/kg.bw) Presentation

ALBEN Albendazol Potenciado®, SOmg Albendazole + Smg Tablets

Yetanco, Argentina praziquantel

PRA Prazivet®, CIPLA, India Smg praziquantel + 14.4mg

pyrantel pomoate + lSmg febantel

Tablets

NL Niclomisole, KEPRO

BY, Netherlands

IOOmg niclosamide + 8mg Tablets

levamisole

IV Ivermet®, Metrovet lvermectin 1%w/v, Injectable

Kenya

Key: '(mg/kg.bw): milligram per kilogram of body weight

Table 4.2: Grouping of dogs and the anthelmintic combination treatment tested for efficacy

Group name Helminth status Anthelmintic treatment Number of dogs

Control (PC/CT) Infected Untreated 6

Alben (ALBEN) Infected Albendazole + praziquantel 6

Niclomisole (NL) Infected Levamisole + niclosamide 6

Prazivet (PRA) Infected praziquantel + pyrantel 6

pomoate + febantel

Ivermectin (IV) Infected Ivermectin 6
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4.2.4Sampling of the dogs

4.2.4.1Faecal sampling

Pre-treatment faecal sampling of the dogs was performed in order to ensure the infection status of

thedogs. Post-treatment quantitative hookworm and ascarid egg counts were determined for each

group daily from day 0 to 6. Coprological examination and diagnosis were performed using the

modified McMaster technique described in the MAFF manual (1986) and by Urquhart et al.,

(J 996). Identification of parasite eggs was done according to the morphological characteristics and

keysas outlined by Soulsby (1982) and MAFF manual (1986).

4.2.4.2Post mortem examination

The dogs were euthanized on day 7 post treatment, using 200mg/ml of sodium pentobarbitone

(Euthanaze®, Bayer, South Africa), given at 400mg/kg administered rapidly intravenously.

Necropsy was performed immediately. The gastrointestinal tracts were examined for the presence

ofadult worms and gross lesions as described in FAO field manual (Brown et al., 2012). All body

systems were examined thoroughly, and gross lesions recorded. Histological specimens were taken

fromthe stomach, small intestines (duodenum and jejunum), large intestines and other organs with

a lesion. The samples were fixed in 10% neutral buffered formalin. Adult worms from the

gastrointestinal tract, particularly the small and large intestines were recovered, identified and

counted.

4.2.4.3Histopathological examination

Tissue samples taken following gross examinations were processed at the Department of

Veterinary Pathology, Microbiology and Parasitology, University of Nairobi following the

procedure described by Luna, (1968). Briefly; formalin- fixed tissues were trimmed to a thickness

of3mm, labelled, and placed in a tissue processor. They were dehydrated using 80% ethyl alcohol
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for4hrs, 96% ethanol in two changes each for 2hrs and 100% isopropanol for 1.5hrs for 3 changes.

The tissues were cleared of alcohol using amyl acetate for 1hr and with xylene in 2 changes for 2

and 2.5hrs, respectively. This was followed by impregnation of the tissues in molten paraffin wax

at 60°C in 2 changes for 3hrs, each. The tissues were embedded in paper boats with molten wax.

Once the wax set, the tissues were fixed onto wooden block using a searing spatula. They were cut

into 3 to Sum thickness using a microtome and floated onto a water bath at 50°e. They were

mounted on labelled microscope slides and dried in an oven at 60°C for 1hr. De-waxing was done

in two changes, each of 5min in xylene. The tissues were thereafter rehydrated in serial alcohol

from absolute alcohol in two stages, 90%, 80%, 70%, 50% and finally into distilled water for 5

minutes in each stage. Tissues on slides were dehydrated using ascending grades of alcohol, 50%,

70%, 80%, 90%, and finally absolute alcohol. The slides were cleared of alcohol in two stages in

xylene for 5min in each stage. Staining was done using haematoxylin and eosin. Cover slips were

appliedusing a mountant and left to dry for 3 days at room temperature. Examination of slides was

doneusing light microscope at x4, xl 0, and x40 magnifications and lesions noted and recorded.

4.2.5 Data management and analysis

Calculation of drug efficacy was based on percentage faecal egg count reduction (FECR %) and

worm count reduction (WeR %) according to the World Association for the Advancement of

Veterinary Parasitology (W AA VP) recommendations (Jacobs et al., 1994) as per the following

formula:

FECR%

WCR%

Mean egg counts (EPG) in contro I- Mean EPG in treated xl 00

Mean EPG in controls

Mean number of worms in control - Mean number of worms in treated x 100

Mean number of worms in controls
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Data was entered in Excel and analyzed in Epi InfoTM (version 7.1.2).

4.2.6Ethical approval

Approval for the study was obtained from the Animal Care and Use Committee (ACUC) of the

Faculty Veterinary Medicine, University of Nairobi (Appendix V).

4.3 RESULTS

A total of 42 dogs were used for this study; 30 for the efficacy and 12 for the confirmation of

pathological lesions associated with albendazole plus praziquantel treatment in the initial trial.

Twenty three dogs (54.7%) were males with a mean (SD) age of 6.6±0.7 weeks. They were 33

(78.5%)crossbreeds and 9 (21.4%) mongrels. The mean (SD) weight of the puppies was 4.7± 1.6

kilograms.

4.3.1 Helminth infections

4.3.1.1 Untreated control dogs

The helminths found in the experimental dogs are summarized in Table 4.3. All the six (6)

untreated control dogs were heavily infected with hookworm and Toxocara canis (Figure 4.5),

whilefive (5) were infected with tapeworms (Figure 4.1 and 4.2). With the exception of Toxocara

canis in the stomach (Figure 4.1) of two (2) of the untreated control dogs, all the parasites were

locatedin the duodenum, jejunum and the ileum. Dipylidium caninum was found in the duodenum

offour and the small intestines of all six dogs (Figure 4.4). Taenia hydatigena was found in three

ofthe untreated control dogs.
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4.3.1.2 Anthelmintic treated dogs

There were no adult worms found in any of the six (6) dogs treated with praziquantel, pyrantel

pomoate and febantel combination (PRA) as showed in Table 4.3. However, Toxacara canis and

hookworm were predominantly found in all the other treated dogs. Toxacara canis and hookworm

were found in 66.6% each of the niclosamide and levamisole combination treated dogs.

Additionally, 83.3% ofthe dogs remained infected with tapeworms including Dipylidium caninum

(Figure4.3 and 4.4) and Taenia hydatigena.

Toxacaracanis and Ancylostoma caninum were found in 33.3% and 50% of the ALBEN treated

dogsrespectively. Similarly, fifty percent (3/6) of the ivermectin treated dogs remained infected

withToxocara canis and tapeworms but not hookworm.

Table 4.3: Adult worms found at necropsy in infected controls, infected and treated dogs in

anthelmintic efficacy tests

Group Toxocara spp hookworm Tapeworm

INC (Negative control) "D "D "D

2PC(Infected, untreated) 6/6 (100%) 6/6 (100%) 6/6 (100%)

3NL 4/6 (66.6%) 4/6 (66.6%) 5/6 (83.3%)

4ALBEN 2/6 (33.3%) 3/6 (50%) 0

sPRA "D "D "D

6IV 3/6 (50%) "D 3/6 (50%)

Key
~ - No adult worm found
iNC- Negative control- uninfected and untreated dogs
2PC- Positive Control
lNL- Niclosamide-levamisole treated dogs
4ALBEN- Albendazole-praziquantel treated dogs
5PRA- Praziquantel-pyrantel parnoate-febantel treated dogs
6IV - Ivermectin treated dogs
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I Oesophagus I

pC'f

Stomach with
slimy contents

Figure 4.1: The stomach of a dog, infected with ascarids (circled) but not treated (Positive

control; PC) with any anthemintic
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Hyperemia

Mucoid
exudate

Figure 4.2: Sections of the small intestine ofa dog, laden with tapeworms (red arrow), ascarids

(orangearrow), severe mucoid exudation and hyperemic mucosa.

Thesedogs were not treated with any anthelmintic (untreated control)
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Figure 4.3: Anterior end of Dipylidium caninum isolated from the small intestines of an infecte

and untreated dog, showing the suckers (8), hooks (H) and proglottids (arrow)
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Figure 4.4: Sections of the intestines with tapeworms (arrows) found on day 7 post trea

niclosamide-Ievamisole (NL) treated dog
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4.3.2Assessment of anthelmintic efficacy

4.3.2.1Faecal egg count reduction

The efficacy of the various anthelmintics, based on faecal egg count reduction (FECR), is

summarized in Table 4.4. The efficacy of treatment with a single therapeutic dose of ALBEN for

T. canis was 100%. However, lower efficacy of 59.3% was obtained for hookworm for the same

drug.A percentage egg reduction count of 97% and 100% was achieved for hookworm and T.

canis respectively, in the PRA treated group. A minimum of 99% reduction was obtained for NL

forboth parasites. Efficacy of ivermectin for hookworm was 100% and 99% (FECR) for T. canis

4.3.2.2Worm count reduction

Theworm count reduction percent (WCR) is presented in Table 4.5. Niclosamide-Ievamisole, PRA

and IV were efficacious against hookworm infections with WCR of 100%, 97.9% and 100%

respectively. However, ALBEN treated dogs had an efficacy of 66.2% against hookworm. The

WCR of the drugs against Toxocara showed that PRA, NL and ALBEN were highly efficacious

with 100%, 99% and 97% respectively. Ivermectin could not clear Toxocara with a WCR of74%.
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Table 4.4: Faecal egg count reduction on day 0 and 7 post treatment for three anthelmintic

combinations and ivermectin against hookworm and Toxocara canis

Anthelmintic Mean EPG on day 0 Mean EPG on day 7 'FECR

Hookworm

ALBEN 1966.6 1566.6 59.3%

NL 4566 0 100%

PRA 1250 0 100%

IV 2083 0 100%

Control 550 983.2 NA

Ascarids

ALBEN 516.6 0 100%

NL 2250 0 100%

PRA 800 0 100%

IV 4716 16.6 99%

Control 666.6 50 NA

Key:
EPG-Eggs per gram of faeces
~ECR-Faecal egg count reduction= (mean EPG control - mean EPG treated) x 100

(Mean EPG control
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Table 4.5: Worm count reduction percent on day 0 and 7 post treatment for three anthelmintic

combinations and ivermectin against hookworm and Toxocara canis

Parameter 2ALBEN 3NL 4PRA -rv Control

Hookworm

Mean worm counts 5 0 0.3 0 14.8

IWCR% 66.2% 100% 97.9 100% NA

Ascarids

Mean worm counts 0.3 0.1 0 0.8 3.1

IWCR% 97% 99% 100% 74% NA

IWCR- worm count reduction
2ALBEN - Albendazole-praziquantel
3NL-Niclomisole-levamisole
4PRA- Praziquantel-pyrantel pamoate-febantel
'rv - Ivermectin

4.3.3 Gross and histopathological lesions in dogs

Gross examinations of the lungs, liver, spleen and esophagus did not reveal any apparent

pathological lesions. Although the esophagus was examined for the presence of Spirocerca lupi,

theparasite was not found in any of the 42 dogs examined in this study.

4.3.3.1 Infected and untreated control dogs

An important pathological finding in the untreated controls was mucoid exudate in the duodenum

of4 out of 6 dogs, which was significantly associated (P<0.005) with heavy presence of mixed

helminth infections. Two out of 6 dogs had mild corrugated mucosa ofthe large intestines. Melena

was observed in the jejunum of 5 of the dogs that had heavy hookworm infection.

Histopathological lesions indicate shredded epithelium and villous atrophy in all of the controls.
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Polymorphonuclear cells, lymphocytes and monocytes, mixed with red blood cells were observed

inthe mucosa of the small and large intestines of 5 of 6 dogs. Extensive hemorrhage was seen in

theepithelium, submucosa, connective tissues and inner muscular layer in all the dogs.

4.3.3.2Praziquantel-pyrantel pamoate-febantel treated dogs

Excessive bile production was observed in the duodenum (Figure 4.5), small and large intestines,

inthree of six dogs treated with praziquantel-pyrantel pamoate-febantel (PRA). None of the other

treatedor control dogs showed excessive bile production. Histological sections of the PRA treated

dogs showed massive shortened, approximately half the size, villi that were undergoing

regeneration of the epithelium in 5 out of 6 dogs (Figure 4.6). Increased inflammatory cells were

seenin the epithelium, submucosa and the layers of the muscles.
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Figure 4.5: Excessive bile secretion (orange arrow) observed in the duodenum of a dog treated

with praziquantel, pyrantel pomoate and febantel (PRA) compared to none in the intestines of a

dogtreated with levamisole plus niclosamide (NL), albendazole and praziquantel (ALBEN) and

untreatedcontrol (control). ote the presence of Toxocara canis in the duodenum of untreated

control(red arrow) and mucoid exudation in all groups,
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Figure4.6: Histological sections of the intestines of PRA I treated dogs showing the mucosa,
submucosa and muscle layers with regeneration of villi (4.63), compared to uninfected and
untreated dog intestines (4.6b). Both pictures are H and E 4x magnification
Key: PRA1 - Praziquantel-pyrantel-febantel compound.
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4.3.3.3 Niclosamide-Ievamisole treated dogs

Theimportant pathological finding in the NL treated dogs was the slight irritation and congestion

ofthe mucosa of the duodenum in 3 out of 6 dogs. Inflammation and corrugation was also observed

inthe large intestines of one of the dogs. There was disorganized and sloughing off of the villi and

theepithelium in 5 out of 6 dogs. There was a massive destruction of the epithelium all the way

up to the submucosa (Figure 4.7a). A clear distinction is seen between the normal histological

section of the intestine in an un infected and untreated dogs (Figure 4.7b) and NL treated dogs

(Figure4.7a). Part of the villi were severely compressed and destroyed leaving a tiny portion close

to the submucosa (Figure 4.8) approximately 1/3 the normal villi. The submuscularis layer was

thicker than the normal intestines. There were infiltrations with few polymorphonuclear and

mononuclear inflammatory cells.
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Thick
submucosal
muscularis layer

~--~ I Normal villi I

Figure 4.7: A section of the intestine of niclomisole-levamisole treated dog (4.7a) showing
destructionof the villi, as compared to the villi of a control (4. 7b). (Both figures are in x4
magnification)
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Clubbed and destroyed villi

Figure 4.8: Histological section of the small intestines of a dog treated with niclosamide-

levamisole (NL) showing compression of villi (4.8a; x4 magnification) and 4.8b (xlO

magnification)

Key:
CS- connective tissue
ICM - Inner circular layer
OLM- Outer longitudinal muscular layer
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4.3.3.4Ivermectin treated dogs

The notable pathological findings in the ivennectin (IV) treated dogs, were heavy tapeworm

infection,some ascarid wonn and mucoid haemorrhagic enteritis in 3 out of 6 dogs. Hyperemia

was found in the duodenum of two (2) of the treated dogs. Toxocara canis was found in the

duodenumof3 out of the 6 N treated dogs (Figure 4.9). There was patchy atrophy of the villi in

4 of the dogs. The walls of 4 out of 6 IV treated dogs had atrophy of the muscular walls.

tv 3

Figure 4.9: Duodenum of an ivennectin treated dog (IV30) on day 7 post treatment and untreated

control(CTll) showing Toxocara canis (red arrow).
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4.3.3.5Albendadole-praziquantel treated dogs

Themajor gross lesions observed at necropsy for the albendazole-praziquantel (ALBEN) treated

dogs(Un infected but treated NCT and infected and treated ALBEN) is summarized in Table 4.6.

Ten(l0) out of 12 dogs had thick duodenal walls (Figure 4.10 and 4.11). These were dogs treated

withALBEN, both NCT (5/6) as well as infected and treated (5/6). This lesion was significantly

observed in the entire small and large intestines in the ALBEN treated dogs. There was also excess

mucoid exudation, hyperemia and focal hemorrhages on the mucosa lining in all the ALBEN

treated dogs (Figure 4.10a; Figure 4.10b (ALB6) and Figure 4.12). There was a statistical

difference in the gross lesions between dogs treated with ALBEN as compared to the untreated

controls and the other three anthelmintic combinations (Table 4.6).

Table 2.6: Gross lesions found in the intestines of albendazole-praziquantel treated dogs

Organ Key findings No(%) 2ALBEN (n=6) NeT (n=6)

n=42

Duodenum Hyperaemic mucosa 9 (21.4%) 4 (66.6%); P= 0.007 None

Catarrhal enteritis 6 (14.3%) 3 (50%); P=O.OOI 3 (50%); P=0.015

'Thick walls 12 (28.5%) 5 (83.3); P=0.002 5 (83%); P=0.002

Rest for Hyperemic mucosa 5 (11.9%) 3(50%); P=0.008 None

small 'Thick walls 12 (28.5%) 5 (83.3%); P=0.002 6 (100%); P=O.OOI

intestines

Large Corrugated mucosa 4 (9.5%) 2 (33.3%); P=0.048 1 (16.6%); P=0.282

intestines aThick walls 5 (11.9%) 3 (50%); P=0.008 2 (33.3%); P=0.07

'Thick walls: Thick intestinal walls.
lALBEN: ALBEN (Albendazole plus praziquantel treated dogs)
NeT: Negative control but treated (Un infected but ALBEN treated)
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Ascalid worms I ! Mucoid exudate I

Figure 4.10: Section of duodenums of treated and control dogs. 4.10a: infected and untreated

control (1), ALBEN treated (2), NL (3) and PRA (4) treated dogs. Excessive mucoid exudation

seen in the ALBEN treated dog (2). 4.lOb: Washed duodenum showing thick hyperaemic duodenal

wall in ALBEN treated dog (ALBG), compared with control (CTG), NL (NL4) and PRA (PRA3).

Key:
ALBEN: Albendazole-praziquantel
NL: Niclosamide-levamisole
PRA: Praziquantel-pyrantel pamoate-febantel
CT: Cotrol
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Nelf-
I Hyperemia I

Figure 4.11: Duodenum of an uninfected but ALBEN treated dog, showing excessive mucoid

exudate(circled) and hyperaemia of the mucosal1ining.

Figure4.12: Irritated and thick mucosa of the small intestine of an albendazole-praziquantel

(ALBEN) treated dog, showing hyperaemia and spot hemorrhages on the mucosal lining.
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The gross pathological lesions found in the ALBEN treated dogs were confirmed at

nistopathology. Most of the ALBEN treated dogs (10112; 83.3%), both NCT (un infected but

treatedwith ALBEN) and ALBEN (infected and treated with ALBEN) had thickening of all

muscularlayers of the intestinal wall (Figure 4.13 and 4.14).

Thenegative control (6/6) had normal mucosa, submucosa, muscularis and serosa (Figure 4.9a

and4.9b). In contrast, the ALBEN treated dogs, NCT (5/6) and ALBEN (5/6) had thickening of

themuscularis and all layers of the muscles, as a common feature (Figure 4.13b and 4.13c). A

higher magnification (lOx) in Figure 4.14, shows the thickening of both the circular and

longitudinal muscles of the treated dogs. There was also oedema between muscle layers, making

differentiating one layer from the other difficult. These histological changes were not observed in

thePRA and IV treated dogs. The intestinal villi were atrophic, approximately Y2 the size of the

normalvilli, and sloughed off. Additionally, there was heavy cellular infiltration of the mucosa

andsubmucosa with eosinophils, neutrophils, macrophages, plasma cells and lymphocytes in the

ALBEN treated dogs (9/10).
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Figure 4.13: Histological sections of the small intestines showing mucosa, submucosa and muscle

layers of untreated and treated dogs with albendazole-praziquantel (ALBEN) (4x objective).

4.13a: Uniufected and untreated dog (NC) showing uonnal villi, mucosa, submucosa and muscle
layers. 4.13b: Infected and untreated dog (PC) denuded and pressure atrophy of villi and thick
IeM. 4.13c: Infected and treated with ALBEN showing dense fibrous SM, thick IeM and OLM .
4.13d: Uninfected but treated with ALBEN (NCT) showing thick and oedematous IeM and OLM,
making it difficult to differentiate between the two muscle layers.

Key to Figure 4.13
V: Villi
DAV: Denuded atrophied villi
SM: submucosa
ICM: inner circular layer of muscularis
OLM: outer longitudinal layer of muscularis
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Figure 4.14: Histological sections of albendazole-praziquantel (ALBEN) treated dogs showing

villi (V), submucosa (SM) thickened muscularis (leM and OLM) (40x).

Key:
V: Villi
Submuc: Submucosa
ICM: Inner circular muscular layer of muscularis
OLM: outer longitudinal muscular layer
CT: Connective tissue
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4.4DISCUSSION

The study findings demonstrated different efficacies of praziquantel-pyrantel pamoate-febantel

(PRA), niclosamide-Ievamiosle (NL), ivermectin (IV) and albendazole-praziquantel (ALBEN) on

helminths in dogs. Jacobs et al. (1994) recommends a mean percentage in worm count reduction

of not less than 90% in order for a drug to be considered efficacious, 80-89% as moderately

effective and 60-79 as low efficacy. However, higher efficacy of up to 100% may be required in

the case ofparasites of public health importance (VICH, 2001). The PRA and NL were efficacious

(a minimum of 97% and 99%, respectively) against ascarids and hookworms, ALBEN was only

efficacious against ascarids. Ivermectin was highly efficacious (100%) against hookworms but had

less than 74% efficacy against ascarids. Toxocara canis is a parasite of high public health

importance, hence a low efficacy of 74% for ivermectin makes it unsuitable for the treatment of

ascarids in dogs. It is unclear why ivermectin in this study had a low efficacy of 74%, since in a

similar study by Anderson and Roberson (1982), ivermectin was found to be 91 % efficacious

against T. canis but 53.3% efficacious against Toxascaris leonine. However, the inability of

ivermectin to clear tapeworms in this study agrees with Anderson and Robertson (1982), who also

reported of ivermectin at a dosage of up 400mcg/kg unable to clear tapeworm infections in dogs.

It may be necessary to add praziquantel, a known cestocidal drug (Bowman, 2003) to ivermectin

in the treatment in order to ensure the complete clearance of gastrointestinal helminths in dogs.

It is unclear why niclosamide, a taenicide expected to remove tapeworms from the dogs failed to

clear them. Nonetheless, this agrees with studies by Roberson, (1976) and Cruthers et aI., (1979)

which also reported of low removal of Taenia spp in pound dogs after treatment with niclosamide.

A look again at the active ingredients of the commonly used niclosamide on the market may be

necessary to ascertain the apparent failure.
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The high efficacy of PRA concurs with similar studies elsewhere which found an efficacy of the

same anthelmintic combination of 96% for ascarids and 98% for ancylostomids (Lloyd and

Gemmell, 1992). The single therapeutic dose, as directed by the manufacturers of Albendazol

potenciado® (ALBEN) had low efficacy not only against hookworm (59.3%), but also tapeworms.

The efficacy of albendazole on hookworms was slightly lower than what was reported by Wang

et al., (1999), where a maximum efficacy of 65% was obtained. In both instance, they are regarded

to have low efficacy as per the efficacy classification by WAA VP.

An interesting observation of the study was the statistically significant intestinal lesions

demonstrated in ALBEN treated dogs as compared to the non-treated and other anthelmintic

treated dogs. Albendazole is a broad-spectrum benzimidazole anthelmintic used to treat parasitic

infection in ruminants and man (Reynoldson et al., 1998). In Ghana, commercially available

albendazole-praziquantel tablets for small animals are readily available and commonly used to

:reat parasitic infections. However, published literature on the deleterious effects of ALBEN on

he intestinal tracts of dogs is scanty. Stokol et al., (1997) reported of bone marrow toxicosis

allowing administration of albendazole (lOOmg/kg) to a dog and cat. Theodorides et al. (1989)

eported adverse reaction to albendazole at a dose rate of between 30 to 60mg/kg, every 24 hours

or 26 weeks. The adverse reaction reported included leukopenia, blood and reduced marrow

ellularity in dogs that was not evaluated in the study. However, the enteritis and thickening of the

itestinal walls found in this study has not been reported. In this study, the dogs were given a one-

me recommended dose rate (as per manufacturer's instruction) of 50mk/kg of albendazole and

mg of praziquantel.

gross pathological lesions that was common among the dogs treated with anthelmintics in the

ficacy is the villous atrophy and destruction of the epithelium. This could be attributed to the
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presence and the deleterious activities of the gastrointestinal helminths in the dogs prior to the

various anthelmintic treatments. Adults Toxocara canis have been documented to cause mucoid

enteritis in heavily infected dogs (Urquhart et al., 1996). This coupled with the blood sucking

activity of hookworms through the buccal capsule which grasp plugs of the intestinal mucosa

(Soulsby 1982; Lefkaditis, 200 1), could have produced the pathological lesions found in both the

treated and untreated dogs. However, it was noted that the PRA treated dogs, which were cleared

of the helminth infections showed a regeneration of the villi, confirming the efficacy of the

anthelmintic against the parasite. It is not clear why the excessive bile production among the PRA

treateddogs.

Thepathological and histopahological findings in the ALBEN treated dogs were not noted in any

ofthe other anthelmintic treated and non-treated controls. The lesions found in this study may be

attributed to albendazole for the following reasons:

I. Although the two other anthelmintics, NL, PRA, were a combination of drugs, none

contained albendazole and none of the dogs treated with these drugs developed the kind of

lesions seen in the albendazole treated groups.

2. The un infected and ALBEN treated dogs presented the same lesions as the infected and

ALBEN treated dogs. The lesions cannot therefore be attributed to the infections.

3. None of the un infected and untreated (negative control) and all the other anthelmintic

treated dogs showed the lesions described in the ALBEN treated dogs.

4. Prazivet®, a combination of praziquantel, pyrantel pomoate and febantel cleared all the

gastrointestinal parasites and, yet did not cause any kind of irritation to the mucosa of the

intestines. The combination praziquantel-pyrantel pamoate-febantel contains the same

dose rate of praziquantel (5mg/kg.bw) as the ALBEN, therefore, the irritations could not
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be attributed to praziquantel but the albendazole, which is the single ingredient absent in

the other anthelmintics used.

Resultsfrom this study have clearly demonstrated for the first time, that albendazole-praziquantel,

whenadministered to dogs at the dose recommended by the manufacturer, causes irritation

inflammation and thickening of the gastrointestinal tract. Further studies are recommended to

establishthe causality or otherwise of these deleterious effects.
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CHAPTER FIVE: CLINICAL AND PATHOLOGICAL MANIFESTATIONS OF

HOOKWORM AND TOXOCARA INFECTIONS IN DOGS IN KENYA

5.1INTRODUCTION

Toxocariosis and ancylostomosis, the most common helminth infections in dogs (Traversa, 2012),

couldbe mistaken for other conditions, if not properly diagnosed. As indicated in Chapter three

ofthisthesis, most public and private veterinary clinics in Ghana have no access to or are extremely

far from laboratory facilities; diagnosis is therefore mainly based on history and clinical

examination findings. A study to determine the clinical and pathological manifestation was

designedin order to serve as an important diagnostic tool for the veterinary practitioner in general.

Sykesand McCarthy (2011) reported detection of helminth infections in humans, such as

strongyloidiosis,using the Enzyme Linked Immunosorbent Assay (ELISA). However, reports of

theuseof this diagnostic tool in dogs are scanty. Studies to validate the potential use of Toxocara

canis IgG ELISA in diagnosis of helminths infections in dogs were required to determine its

specificityand sensitivity in diagnosis.

Theobjectives of this study were to describe the clinical, hematologic, coproscopic and

pathologicalfeatures of hookworm and ascarid infections in dogs and, to validate the use of T.

canis ELISA for detection of ascarid infections in dogs.
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5.2 MATERIALS AND METHODS

5.2.1 Toxocara infection

5.2.1.1 Selection and infection of dogs

Fourteen one-week old crossbred puppies were acquired from dog breeders in Nairobi. They were

housed in the kennels of the Small Animal Clinic, Department of Clinical Studies. On acquisition,

the dogs were dusted with carbaryl powder (Sevin">', Highchem, Nairobi) at 7g/kg. They were

treated with anthelmintic, praziquantel-pyrantel pamoate-febantel combination (Prazivet®,

CIPLA, India) weekly for 2 weeks. The dogs were acclimatized for two weeks and faecal sampled

daily throughout the acclimatization period. On day 14 post anthelmintic treatment, 2 puppies were

euthanized in order to ascertain their parasite- free status. The remaining 12 puppies were

randomly allocated into uninfected control and infected groups.

Each dog was housed in an individual cubicle which was washed out thoroughly daily, in order to

prevent cross-infection or external re-infection. The study dogs were provided with puppy food

(Pedigree®) and water ad libitum for the duration of eight weeks post infection.

5.2.1.2 Parasites and infection

Non-embryonated Toxocara eggs were obtained from naturally infected dogs in Nairobi. The eggs

were incubated for 7 days to obtain embryonated eggs having larval stage two (L2), which were

usedto infect the puppies. The embryonated eggs were administered per os to the puppies with

2m Is of larval suspension, containing a maximum of 200 eggs in distilled water, according to

VICH (range of 100-500 recommended by VICH, 2001). Each control dog received a

corresponding volume of distilled water (vehicle) alone.
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5.2.2Hookworm infection

5.2.2.1Selection and infection of dogs

Fourteenpuppies were acquired at 5 to 6 weeks of age. They were given anthelmintic and anti-

ectoparasitic therapy as described for the Toxocara infected dogs above. After the acclimatization

periodand ascertaining the dogs' parasite free status, the remaining 12 dogs were randomly

allocated into 2 groups: infected and uninfected controls. The infected dogs were each infected

percutaneously with 200 infective third-stage larvae (L3) of hookworm (range 100 -300

recommended by VICH, 2001). The infective larvae were cultured from eggs obtained from

naturallyinfected dogs from dog breeders in Nairobi.

5.2.3Parameters measured for hookworm and Toxocara infected dogs

Physicalexamination was performed daily on each dog, to record any changes that occurred post

infection.Parameters measured included body temperature, respiration, food intake and any other

clinicalsigns found. Body weight was taken weekly for the duration of the experiment. Weekly

parametersassessed were body weight, faecal samples for faecal egg output and blood samples for

haematology.

S.2.4 Enzyme-linked immunosorbent assay preparation

Weeklysera were obtained from the dogs to determine the qualitative immunoenzymatic

antibodiesagainst Toxocara canis antigens using T. canis IgG enzyme-linked immunosorbent

assay(Toxocara IgG ELISA kit; Novatec Immunodiagnosyica GmbH, Germany). Micro-titer strip

wellscoated with synthetic T. canis antigens were designed to bind the antibodies of the

specimens.Wells were washed to remove all unbound sample materials and a conjugate added.

Theconjugate binds to the T. canis specified antibodies. The immune complex was formed by the

boundconjugate by adding Tetramethylbenzidine substrate, giving it a blue colour. Absorbance at

4)Onmwas read using an ELISA plate reader.
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5.2.5Pathological examination

Dogs that were infected with hookworm and Toxocara were kept for 7 and 8 weeks respectively

post infection. At the end of each experimental period, the dogs were euthanized (as described in

the previous Chapter 3), and assessed for pathological and histopathological lesions.

5.2.6Data management and analysis

Data was entered in Excel spreadsheet and analyzed using Epi-Info 7.1.2. The different groups

were compared with each other, for each parameter, using the t-test or analysis of variance

(ANOYA) and non-parametric tests when Bartlett's test indicated heterogeneous variances and

ANOYA was not appropriate. The level of significance selected was P < 0.05.

5.3 RESULTS

5.3.1Toxocara infected and control dogs

Atotal of24 dogs were used for the experiment; 12 each for hookworm and Toxocara canis. Ten

of the Toxocara infected dogs were litter mates and thus, had the same age of 4 weeks prior to

infection. Each parasite group had 6 infected and 6 uninfected controls.

5.3.2Intensity of Toxocara infection and clinical signs

Pre-patency of infection of T. canis was 28 days. The mean faecal egg output hiked from 3599 in

week 4 to 9600 eggs in week 6 post infection (Figure 5.1). The significant changes observed

included weight loss, dullness, vomiting and diarrhea as shown in Table 5.1. Four out of 6 infected

dogs lost weight between the 5th and 7th week post infection. The weight loss followed reduction

infeed intake within the same period of time. All 6 infected dogs exhibited dullness in week 5 post

infection but normalized by week 7 of infection. There was no significant difference between the

clinical signs exhibited by the infected as compared with the uninfected (Table 5.1).
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Figure 5.1: Mean Toxocara eggs per gram of faeces, from week 1 to week 8 of infection, for dogs

experimentallyinfected with Toxocara canis

Table 5.1: Clinical signs exhibited by dogs experimentally infected with Toxocara canis and

uninfected controls

Clinical condition Infected (%) n=6 Uninfected (%) n=6 P-value

Reduced feed intake 3/6 (50%) None P=<l.065

Weight loss 4/6 (66%) None P=O.016

Dullness 6/6 (100%) None P=O.047

Diarrhoea 2/6 (33.3%) None P=0.142

Vomiting 3/6 (50%) None P=O.157
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5.3.3 Hematological findings

The mean (±SD) white blood cell (WBC) counts at the pre-infection period was within the normal

reference range (5-14xl03/I-.d) for both infected (12.0±3.5xl03/1l1) and un infected

(11.6±4.2xl03/1l1). However, an increased in WBC counts was recorded among the infected,

starting from week 4 (35.3± 1.4) and remained high till week 8 when it dropped to normal of

11.4±1O.8 (Figure 5.2). The white cell counts in the uninfected remained normal throughout the

period.

There was no significant difference in the eosinophil counts of the infected and the un infected

(p>O.005) at the pre-infection period (Figure 5.2). The mean (±SD) of the infected and uninfected

in week 1 was 0.5±0.7% and 1.2±0.8% respectively (reference range 0-9%). However,

eosinophilia was recorded in 3 infected dogs between the 2nd and 5th weeks post infection. The

spike in eosinophil counts in week 5 coincided with mass degranulation of eosinophil cells (Figure

5.3) in 50% of the infected dogs as compared to none in the uninfected controls (P=0.042).
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Figure 5.2: Mean eosinophil counts in dogs experimentally infected with Toxocara spp and

uninfected controls from week 1 to week 8 of infection

Figure 5.3: Blood smear showing degranulation of eosinophils (arrow) in an experimentally

infected Toxocara canis dogs
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5.3.4Gross and histopathological findings

Gross pathological lesions showed heavy Toxocara infection in the small intestines (Sf),

particularly in the jejunum of all (6/6) the infected dogs (Figure 5.4). This resulted in the ballooning

of the small intestines. Heavy mucoid exudation and coating of the inner surface of the mucosa

(severe catarrhal enteritis) was observed in the same group of dogs. The mean worm count was

86.5 in the infected dogs; no worms were found in the controls.

Histological sections of the small intestines showed pressure atrophy, villi fusion and separation

and sloughing off (Figure 5.5) ofthe villi, some up to the base of the epithelial clefts, in all (100%)

of the infected dogs, as compared to none in the uninfected controls. The epithelium, in 5 of the

infected dogs (5/6) was destroyed (Figures 5.5a and 5.5b). There were completely heavy

infiltration of eosinophils, lymphocytes and plasma cells in the lamina propia and submucosa of

the intestines (Figure 5 .5c).
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Figure 5.4: Small intestines of dogs experimentally infected with Toxocara canis showing the

presence ofmunerous adult worms, serosa hyperaemia and mucoid exudation
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Sloughing off and destruction of villi
up to the epithelial cleft

Spaced created in place
of destroyed villi

Figure 5.5: Histological sections of the small intestines of dogs experimentally infected with

Toxocara canis. 5.5a (x4 magnificiation), 5.5b sloughed off villi (lOx) and 5.5c destroyed villi at

40x magnification.

5.3.5 Enzyme linked immune sorbent assay

Weekly serum was obtained from the dogs prior to and after infection with Toxocara infection for

ELISA testing. Immunoglobulin G antibodies against Toxocara canis were not detected in the

serum of the infected dogs even during the patent periods of infection.
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5.4 Hookworm infection

5.4.1 Intensity of infection and hematology

There were 6 infected and 6 uninfected controls, fifty percent (6) of which were males. The mean

(±SD) age of the 12 dogs was 6.2±1.1 months. The pre-patent period of hookworm was 14 days

for all 6 infected with a mean (±SD) egg per gram offaeces of 1500±250 (Figure 5.6). The highest

faecal egg output was on day 28 post infection (mean EPG 5350), which corresponded to the peak

of eosinophil counts in the infected (Figure 5.7). Mass degranulation of eosinophils was observed

beginning week 3 and peaked at week 4 post infection, in 83.3% (5/6) of the infected.
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Figure 5.6: Weekly mean hookworm eggs per gram of faeces (EPG), from day 0 to day 35 of

infection for dogs experimentally infected with hookworm larvae
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Figure 5.7: Mean eosinophil counts in dogs experimentally infected with hookworm larvae and

uninfected controls from week 1 to 6 post infection

*Eosin threshold: Upper end of eosinophil reference range (2-9%)

5.4.2 White and red blood cell counts

The weekly mean (±SD) values of the white blood cells (WBC), red blood cells (RBC) and

hemoglobin (Hgb) are presented in Table 5.2 There was no significant difference in WBC and

RBC counts of the infected and uninfected dogs, before and 6 weeks after the infection. The mean

(±SD) values ofWBC remained within the normal reference range of 5 and 14 for both infected

and uninfected control group of dogs throughout the infection period. However, lymphocytosis

was noted from day 14 post infection (Figure 5.8) in 5 of the infected group and remained high

above the normal range till the end of the experiment.
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Red blood cell counts reduced slightly from a mean (±SD) of 5.3±0.6 x 106//11 I on day 0 to 4.6±0.2

Xl061/1l1 by the 5th week in the infected group (Table 5.2). For the controls, the RBCs remained

around 6.3±0.5 x 106//111 for the duration of the experiment. However, there was a significant fall

(p=0.0 12) in the hemoglobin concentration in the infected at the end of the 6th week post infection

as compared to the un infected in the same period. The mean (±SD) hemoglobin of the infected

was 12±1.3g/dl on the day 0 post infection (p.i) and dropped to 11.0±0.6g/dl.

There was no statistical difference between the red cell corpuscular volumes (MCV) ofthe infected

(63.6 ± 2.2fl) and uninfected controls (62.3 ± 2.1 fl). However, by the end of the 6th week post

infection, the mean (±SD) slightly dropped to 60.6 ± 2.4fl as against 62.5 ± 1.7fl of the infected

(P>O.05), but that was not statistically significant.

Themean eosinophil counts at the pre-infection period was similar for both infected and uninfected

groups. An eosinophilia developed in the infected dogs 3 weeks post infection, up to 17%

(reference range 2-9%), as shown in Figure 5.7. The eosinophil counts in the uninfected groups

remained within the reference range for the duration of the experiments, although it hiked in the

6th week.

100



Table 5.2: Mean (SO) of some hematological parameters of dogs experimentally infected with

hookworm on week one and week six of the infection

Parameter (Units) Mean (SD) on week Mean (SD) week 6 'Reference

1 of infection post infection range

Hookworm infected

White blood cells (x 103/,..tl) 12.9 ± 3.4 13.7±4.1 5 - 14

Red blood cells (x 106/lfll) 5.3 ± 0.6 4.6 ± 0.2 5 - 7.9

Hemoglobin (Hgb g/dl) 12.5 ± 1.8 11.0 ± 0.6 12 -19

Mean corpuscular volume (£1) 63.6 ± 2.2 60.6 ± 2.4 66 - 77

Uninfected controls

White blood cells (xl03/fll) 13.2±3.4 14.3 ± 4.1 5- 14

Red blood cells (x I06/lfll) 5.6± 1.3 6.3 ± 0.5 5 -7.9

Hemoglobin (g/dl) 13.3±1.1 13.9 ± 0.5 12-19

Mean corpuscular volume (£1) 62.3 ± 2.1 62.5 ± 1.7 66 -77

I Reference range from The Merck Veterinary Manual (www.merckmanuals.com)
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Figure 5.8: Weekly mean lymphocytes counts in dogs experimentally infected with hookworm

anduninfected controls from week 0 to 35 days of infection

*Lymphthreshold: Upper end oflymphocytes reference range (8-21%)

5.4.3 Clinical signs of infected dogs

Therewas a statistical difference in weight loss among the infected as compared to the uninfected

(Figure5.9). Five (83.3%) ofthe infected dogs lost weight over the period, as compared to none

inthe uninfected dogs (OR=2.4; P=O.015). A striking feature in the infected dogs starting from

week4 was a persistent piloerection (a raised fur at the backline) in most (5/6) of the hookworm

infecteddogs (Figure 5.10). None of the uninfected controls exhibited this clinical sign. The

pilorectionremained up till 7 weeks post infection, when the dogs were euthanized for post mortem

examination.
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Figure 5.10: Loss of condition and persistent piloerection (arrow) in a dog artificially infected

with hookworm.
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5.4.4 Gross and histopathological findings

Red spots and fibrotic tracts were observed on the diaphragmatic lobes of the lungs of 50% (3/6)

of the infected dogs. Hyperaemic and hemorrhagic mucosa was observed across the small

intestines of the infected (5/6) but none in the controls. Adu\t hookworms were found more

concentrated in the ileum of all the infected (6/6) dogs, although they were found in the jejunum

as well. Ecchymotic serosa haemorrhages were observed in the ileum and jejunum in all infected

dogs (6/6) but not in the controls. There was blood in the intestinal contents mixed with mucous

exudation.

On histopathology there was massive destruction of villi, up to the submuscularis mucosae, in the

hookworm infected dogs (Figure 5.11). The epithelium in most of the infected dogs (5/6) was

shredded off. There were hemorrhages in the lamina propia of the mucosa layer. Eosinophils and

neutrophils were present in the mucosa, submucosa and connective tissues of the small intestines.

Mononuclear cells (lymphocytes and macrophages) polymophornuclear cells were observed in the

lamina propia of the epithelium in all infected dogs (6/6). There was oedema of the mucosa,

submuscular layer, circular and longitudinal muscle layers in 3 out of 6 of the dogs.
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Figure 5.11: Histological section of the small intestines of a dog experimentally infected with

hookworm, showing destruction of villi (x40 magnification)

Figure 5.12: Oedema of the circular (leM) and longitudinal (OLM) layers of the intestinal

muscles (x40 magnification)

Key to Figure 5.12
IeM: inner circular layer of muscularis
OLM: outer longitudinal layer of muscularis
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5.5 DISCUSSION

This study was designed to assess the clinical and pathological manifestations of hookworm and

Toxocara canis artificial infections in dogs and, to validate use of Toxocara canis ELISA for

detection of ascarid infections in dogs. The study demonstrates that eosinophilia, mass

degranulation of eosinophils, leukocytosis and weight loss were key clinical signs in both

hookworm and T. canis infections. Destruction of the epithelium of the intestinal mucosa was also

a characteristic features in both hookworm and toxocara infections.

The results on persistent eosinophilia, leukocytosis and mass degranulation of eosinophils were

broadly consistent with what was reported in humans infected with hookworm (Walker et al.,

1995; Klion and Nutman, 2004). White blood cells playa major role in phagocytosis and immunity

of the body (Rebar et al., 200 I). Leukocytosis found in both the Toxocara and hookworm infected

dogs in week 4 post infection could be attributed to the persistent eosinophilia in the dogs (Nutman,

2007). Eosinophils are noted for their major role in the destruction of nematodes, although they

have limited phagocytic activity (Rebar et al., 2001). The migratory process of both Toxocara and

hookworm may have elicited the blood eosinophilia and this agrees with Magnaval et al. (2001)

and Despommier (2003) who reported eosinophilia as been indicative of an active helminth

infection. Eosinophilia is noted to be commonly caused by helminth infections, although some

non-parasitic conditions such as allergic and neoplastic may cause its increase (Nutman, 2007).

However, the marked increase in blood eosinophils, which coincided with the patency of the

infections made it more likely to be caused by the helminth infections other than the other causes.

The degranulation of the eosinophils in this study only goes to emphasize the role played by the

eosinophils. Eosinophils are noted for their cytotoxic granules which once deregulated becomes

injurious to the parasites and the epithelia cells of the host (Nutman, 2007). Similarly, leukocytosis
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in this study concur with Schantz (1989), who reported of leukocytosis in human patients with

visceral larva migrans caused by T. canis.

The histopathological findings in the present study of destruction ofthe epithelium in dogs infected

with hookworm and toxocara agrees with Soulsby (1982), who reported of villi clubbing,

disorientation of columnar cells, which was found in this study. The destruction of the villi by the

parasites implies that the key functions of the intestines, which include the digestion and absorption

of nutrients such as amino acids and sugars, could be affected. The destruction of the functions of

the epithelium could lead to malnutrition and loss of condition of the dogs, which may account for

the loss of weight in the infected dogs of this study.

The degree of clinical and pathological signs seen in this study could be directly linked to the level

of infection the dogs were exposed to. The 200 embryonated T. canis eggs and 200 third stage

infective hookworm larvae L3, were meant to cause adequate infection (VICH, 200 I) for clinical

signs in the dogs. However, in the natural environment, the infective dose received by the dogs

could be much higher. Thus, the signs and lesions could be more severe, as reported in several

studies in humans in natural infections (Marmor et al., 1987; Despommier, 2003).

This finding reinforces the need for an aggressive prevention and control strategies for helminth

infections in dogs, due to the detrimental effects these parasites have on the health of the infected

dogs.

The T. canis IgG ELISA could not detect antibodies to T. canis in the infected dogs. The ELISA

is intended to detect cutaneous larva migrans infections in humans due' to T. canis. This is a

different type of infection from T. canis in dogs which is in the gastrointestinal tracts in dogs. The

immune response and type of antibodies in the two are probably different and this could have led

to the non-detection infections in the intestines of dogs. It is suggested that coproantigen ELISA

be developed specifically to detect T. canis infections in dogs.
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CHAPTER SIX: GENERAL DISCUSSION, CONCLUSIONS AND

RECOMMENDATIONS

6.1 GENERAL DISCUSSION

Pet dogs contribute to the social, physical and emotional development of children and the well-

being of their owners (Wong et al., 1999). However dogs also have the potential for transmission

of zoonotic infectious agents, including parasites to humans (Robertson et al., 2000).

The results of this study demonstrated that zoonotic helminths, toxocariosis, ancylostomosis and

dypilidiasis, are prevalent in dogs in the Greater Accra region of Ghana, and these conditions have

possibly been ignored for a long period of time. This could possibly be because the two parasites

are not included in the scheduled list of veterinary diseases in many developing countries,

including Ghana. The exclusion of the two in the scheduled list of diseases only goes to confirm

the possible neglect of canine helminthosis in most countries. These helminth infections contribute

to neurological, atopic symptoms, covert toxocariosis and eosinophilic enteritis reported in humans

(Pawlowski, 2001; Overgaauw and van Knapen., 2013). The low awareness among dog owners to

the helminth risk associated with dog keeping only goes to heighten the need for awareness

creation in the general public in the study area.

The management of the dogs in the Greater Accra region exposes the risk that dog keeping may

pose to the community at large. Out of the 230 (59%) of the dogs not housed, 70% were infected

with helminths. Ninety seven percent of the dogs were fed kitchen left-overs, implying that once

they were not confined to a house, they could easily move about in the community in search for

food. It is worrisome to note that 55% of the puppies were infected with Toxocara canis and 89%

of the dogs aged 12 months and above were infected with hookworms. The free movement of these
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infected dogs could facilitate the contamination and spread of helminth infection in the

environment. Sixty of households that had children aged 5 years and below had at least a dog that

was significantly infected with helminths. Given the fact that children were more likely to be

exposed to helminth eggs in the environment, attention needs to be paid to the potential risks that

these parasites, particularly, Toxocara canis can pose to the community.

Most African countries do not have dog fouling Act as available in the developed countries such

as the United Kingdom (Dog fouling Act, 1996). The finding of this study could be useful in

determining the need for such an Act for Ghana and other tropical countries, particularly In

preventing access of dogs to public parks, such as children's play grounds.

The purchase of 42% of dogs from street vendors in this study is of great concern. Eighty four

percent of these dogs were infected with helminths. This implies that the street-purchased dogs,

which were more likely to be purchased as puppies, and infected with at least Toxocara spp, have

not received any anthelmintic treatment prior to sale. If these dogs were introduced straight into

homes, as observed in this study, without any anthelmintic prophylactic treatment, they could serve

as a source of zoonotic risk to other dogs and humans, and even introduce other zoonotic diseases

to the home. This calls for measures to discourage the practice of purchasing dogs from street

vendors as a preventative measure for the control of zoonotic diseases into homes.

The study found that 41 % of the dogs not being regularly dewormed and 80% of these dogs were

infected with helminth. This brings to the fore the need for a well-planned educational programs

for dog owners on helminth infection and dog keeping in the region, and for the whole country.

Although over half of the clinicians (57%) interviewed indicated that the source of information on

helminth infection to dog owners was from veterinary staff, it appears that much efforts need to
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go into making educational materials readily available to dog owners for them to practice what

they were told.

This study has also described, for the first time, another neglected parasitic infection: myiasis.

Although myiasis had been reported in people, purportedly acquired in Ghana, published

information on its occurrence in animals was non-existent. Larvae of the flies Cordylobia rodhaini

and Dermatobia hominis were found to cause myiasis in owned dogs. In Ghana, several pet dogs

are moved out of the country to other parts of the world on regular basis (YSD, 2009). The finding

of this study could assist in introducing measures to be taken in preventing the spread of tropical

animal diseases such as myiasis to non-endemic areas.

Haemoparasites Ehrlichia canis, Babesia canis and Trypanosoma spp were found in the study

area. These parasites have been reported to occur in Nigeria (Adamu et al., 2014) and other African

countries (Muhairwa et al., 2008), with similar climatic conditions as Ghana, however, canine

vector borne diseases have received little attention in Ghana. Trypanosomosis is documented to

be endemic in cattle in Ghana, particularly in the forest regions and northern parts of the country

(Bell-Sakyi et al., 2004; Adam et al., 2012; Nakayima et al., 2012). However, most of these

studies have focused on livestock and published information on its occurrence in dogs is scanty. It

is therefore significant that some of the dogs in the coastal areas of Ghana were found to be

infected. If these vectors, such as ticks and tsetse flies, responsible for babesiosis, ehrlichiosis and

trypanosomosis, are present in Ghana (Nakayima et al., 2012), then it is not surprising to find these

hemoparaistes in the dogs. There is a need to determine its prevalence in dogs in the country to

establish its endemic state.

The controlled efficacy test carried out in the present study has demonstrated that two out of the

three anthelmintic combinations, namely PRA and NL were both efficacious against hookworm
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and Toxocara canis. Praziquantel-pyrantel pamoate-febantel and niclosamide-Ievamisole

combination drugs were among the anthelmintics commonly used in the treatment of helminth

infection in Ghana (Chapter 3 of this thesis). It is useful to note that they were efficacious against

both hookworm and Toxocara spp in naturally infected dogs, implying that these prevalent

parasites in dogs in Ghana and elsewhere could be treated with these two anthelmintic

combinations.

The responses from the veterinary drugs store attendants, showed that ALBEN was the second

most stocked, recommended, fast selling and preferred anthelmintic in the veterinary market.

.However, although ALBEN was efficacious against T. canis, it failed to clear hookworm by fecal

egg count and worm count reductions. The implication is that the second most used anthelmintic

to treat canine helminth infection may not be achieving the purpose for which it is being

administered to the dogs. And since there has not been any efficacy study carried out on these

drugs, it is possible that some dogs may have been lost to helminth infections unknowingly.

The efficacy results have also clearly demonstrated for the first time, that albendazole-

praziquantel, when administered to dogs at the dose recommended by the manufacturer, causes

irritation and inflammation of the gastrointestinal tract (GIT). The inflammatory processes in the

GIT could affect the digestion and absorption processes of the small intestine, and may

compromise the health of the dog. Vital nutrients, including amino acids and sugars, may not be

absorbed adequately for the benefit of the dog.

Ivermectin, an endo and ecto antiparasitic drug, was found to be efficacious against hookworm in

this study. However, it was found to be ineffective against Toxocara canis by worm count

reduction test of 74%, although the faecal egg count reduction proved it 99% efficacious. The

worm count reduction test is considered the gold test of efficacy by WAA VP (Jacobs et al., 1994),

111



and for a parasite of high zoonotic importance such as toxocariosis, a 100% efficacy is required.

Therefore, ivermectin cannot be considered to be useful in the treatment of toxocariosis in dogs.

Interestingly, the results of the survey from Ghana (Chapter 3 of this thesis) showed that 35% and

27% of dog owners and veterinary clinicians respectively, used ivermectin to treat helminth

infections in dogs. The implication is that the treated dogs may have been cleared of hookworm,

as shown in the efficacy tests, and the ascarids of great public health importance would not have

been cleared even after treatment.

In comparing the mean faecal egg outputs of the naturally infected (prevalence study; Chapter 3)

and artificially infected dogs in (Chapter 5), it was apparent that the intensity of infection in the

naturally infected dogs was higher than in the experimentally infected dogs. The faecal egg count

was up to 65,600 as against 9,600 in the naturally and artificially infected respectively. The

infective dose (200) of the hookorm larvae L3 and embryonated L2 of Toxocara, coupled with the

conditions under which the dogs were kept may have influenced the faecal egg output. The

experimental dogs were well fed and cared for, whereas the naturally infected dogs were raised

under less than optimal management practices.

In conclusion, parasites are a problem in dogs in the Grater Accra region of Ghana, and a good

number are of public health importance, yet the owners are unaware of the potential parasitic

zoonotic risks associated with dog keeping. Current anthelmintics in the market are not all effective

and some may be harmful to the dogs. There is a need to create awareness to prevent and control

parasites in dogs.
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6.2 CONCL USIONS

The following conclusions were made from this study findings.

• Hookworm, Toxocara spp and Dipylidium spp, were prevalent in dogs in the Greater Accra

region of Ghana, confirming the zoonotic and veterinary importance of canine helminth

infection.

• High prevalence of these infections was found mainly (83.8%) in dogs bought from street

vendors, not housed and kept for hunting and security purposes.

• Although most dog owners were educated up to the tertiary level (38.2%), very few (6.3%)

knew the zoonotic risk associated with dog keeping.

• Haemoparasites found in the dogs were Ehrlichia spp, Babesia spp and Trypanosoma spp,

were the tick-borne blood parasitic infections in dogs in the Greater Accra region Ghana.

• The ectoparasites found in the dogs were ticks, fleas and larva of bot flies larvae ofthe flies

Cordylobia rodhaini and Dermatobia hominis were found to cause myiasis in owned dogs.

This is the first report describing myiasis in animals in Ghana.

• Albendazole-praziquantel combination, when administered to dogs at the dose

recommended by the manufacturer, causes irritation and inflammation of the

gastrointestinal tract; findngs that have previously not been reported in scientific literature.

• Results ofFECR and WCR tests for anthelmintic efficacy showed that the therapeutic dose

of anthelmintic combinations, namely PRA and NL were both efficacious against

hookworms and Toxocara canis. However, ALBEN was efficacious against T canis, but

not hookworm by both methods. Ivermectin I%w/v was found to be highly efficacious

against hookworm and T canis based on FECR but a WCR low efficacy was achieved

against T canis. However, NL and ivermectin failed to remove tapeworms from the dogs.
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• The Toxocara canis IgG ELISA although previously described in the diagnosis of ascarid

infections in humans, did not detect Toxocara antibodies in the serum of infected dogs

6.3 RECOMMENDATIONS

I. Awareness creation program be instituted to regularly educate dog owners on the

need for anthelmintic treatment of dog and prevention of zoonotic helminth

infection.

2. Studies on myiasis in dogs and other animals are recommended to identify the

species of flies causing myiasis in the different species of animals.

3. Studies designed to establish the causality or otherwise of the pathological effects

of albendazole are recommended to validate the continued use of this anthelmintic

in dogs

4. Studies with serological and molecular methods will be necessary to evaluate the

current epidemiologic situation of hemoparasites in Ghana
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APPENDICES

Appendix I: Questionnaire for dog owners

PREVALENCE, CLINICAL MANIFESTATIONS, ANTHELMINTIC EFFICAY,

DIAGNOSIS AND MANAGEMENT OF HELMINTHOSIS IN DOGS GHANA AND

KENYA

ID number

Name of interviewer .

Date of interview .

Section A. Background information

AI. Owner's / Caretaker's Particulars

Al.l Name .

A1.2 Place of residence .

A l.3 Contact Address: .

A1.4 Telephone number: .

A1.5 Sex Male 0 FemaleO

A l.6 Occupation: Employee 0 Self employedO Others (specify) .

Al.7 Highest Educational level: Primary[] JHS 0 Secondary 0 TertiarO

Al.8 Respondent's age group: <30 yearsO 30-40 yearsO 41-600 >60 years 0

A 1.9 Number of children in household .

A l.l 0 Number of children below 5 years of age .

A2. Dog's Particulars

A2.1 How many dogs are in the households? Males Females _

A2.2 What are their ages? <3 month sO 3-6 monthsO 7 -12 monthsO > 12 monthsO
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A2.3 Neutered: YesD Number__ NoD Number

A2.4 Breed(s) .

A2.5 Type of housing /Cage .

A2.6 At what age was the dog acquired and from where? .

A2.7 How long have you had the dog(s)? .

A2.8 Who owns the dogs? HusbandD WifeD ChildrenD OthersD

(specify) .

A2.9 Are there any other animals in the household (apart from dogs) YesD NoD

A2.10 Name them: .

Section B. Management of dogs

B.l What is the purpose for keeping dog(s)? SecurityD CompanionshiJ[]

BreedingD Hunting D other (specify) .

B.2 Source of dogs in household: Commercial kennelsD

Others (specify)

FriendsD Street vendorsD

B.3 How are newly acquired dogs introduced into the homestead? .

B.4 Does any member of the family play with the dogs? YesD NoD

B.5 Indicate who: OwnerD childrenD house-helpsD

other (specify) .

B.6 Do you know of any condition or disease(s) that is associated with dog keeping?

YesD NoD Don'tknowD

B.7 Have they ever noticed any disease / reaction on their skin or elsewhere after this
association? YesD NoD
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B.8 If yes, what were the signs?

B.9 Were they treated in the hospital? YesD NoD

B.I0 If yes, what were they treated for? Please specify .

BIt. Feeding

B 11.1 What feed do you give your dog?

Kitchen left overO Hotel swillD Commercial foodD Others .

B 11.2 Amount of feed per dog: Adults" _

Bl1.3 Do you exercise your dog(s)? YesD

Young adults _ Puppies _

NoD

B 11.4 If yes, when are they exercised? .

B12. Worm and worm control

B12.1 Do dogs get worm? YesD NoD

B12.2 If yes,

a. What type of worms do you know? .

b. What are the signs seen in a dog with worms? .

B12.3 What period of the year are they common? .

B12.4 What age of the dog is mostly affected? PuppiesD Young dogsD Adult dogsD
AIID

B12.5 How many dogs get sick? AIID MostD FewD NoneD

B12.6 How many of the sick do die? All D MostD Few D NoneD
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B12.7 What do you do with a dead dog? .

B12.8 How do dogs get worms? .

B12.9 What do you do when your dog has worms? .

B12.10Do you deworm your dogs? YesD NoD

B 12.11If yes, how often do you deworm your dog?

Bl2.12MonthlyD bi-monthlO half-yeariU YeariO NeverD Don't knowD

BI2.13When did you last dewormed your dog (s) .

B 12.14Type of anthelmintic drugs used normally .

B 12.15Type of anthelmintic drug used during last deworming: .

B12.16 If you deworm, what type of medicine do you use? .

B12.17 Do you use herbal drugs to deworm you dogs? DYes DNo

B 12.18a If yes, which one? .

B 12.19 How is the medicine prepared and administered to the dogs .

B 12.20 How often is the herbal preparation administered? .

B12.20 How many puppies does your dog whelps (give birth to) at a time? .

B 12.21 Of this number, how many survive (on the average) by the age of three months?

D
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B12.22 What do you do with the puppies? Sell Give friends Re-stock
others (specify) .

B 12.23 If it is sold, how much do the following go for?

a. Puppies Ghana cedis

b. Young dogs Ghana cedis

c. Adult dog Ghana cedis

B12.24 Do your dogs suffer from external parasites? YesO No 0
B12.24a If yes, how often do you bath them? MonthlyO Bi-monthlO Weekly[]

Other (Specify) .

B 12.25 What drugs do you use for that purpose? .

B13. Disease control

B 13.1 Do you vaccinate your dog? Yes 0 NoO

B13.2 Which diseases do you vaccinate your pets (dogs) against?

a .

b .

c .

d .

B 13.3 At what age do you vaccinate your dogs against the above mentioned diseases?

Disease Age of dog

a .

b .

c .

d .

B13.4 Who vaccinates your dogs? OwnerO Veto Vet assistanto OtherO

(Specify) .

B13.4 What problems do you encounter in keeping dogs? Rank them in order of occurrence, 1

being the highest and 5 the lowest
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Diseases D Accidents

Lack of medicatioG Parasites D
Vaccination D
Other (specify)

B13.5 What diseases do you commonly encounter? (Begin with the most common)

a .

b .

c .

d .

B13.6 Does keeping of dogs pose a risk to humans? YesD N0D

B13.6alfyes, list the possible problems:
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Appendix II: Questionnaire for Veterinarians / Vet Assistants

PREVALENCE, CLINICAL MANIFESTATIONS, ANTHELMINTIC EFFICACY,

DIAGNOSIS AND MANAGEMENT OF HELMINTHOSIS IN DOGS IN GHANA AND

KENYA

ID number

Name of interviewer .

Date of interview .

Section A. Background information

AI. Veterinary Clinician's / Assistant's Particulars

AI.I Name .

Al.2 Clinic location ~ .

AI.3 Contact Address: .

A 1.4 Telephone number: .

A1.5 Sex Male D FemaleD

Al.6 Job position: Director D Employee 0 Others (specify) .

AI.7 Highest Qualification: DYMO MSclMphilO PhDO Other (s) .

A1.8 Area of specialization (where applicable): , .

A1.9 Clinician's age group: <30 years 0 30-50 years 51-60yearsO 60>0

A1.10 Number of years in veterinary practice .
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Section B

B1. Type of practice Private D Gov't D Other (specify) .

B2. What kind of animals do you attend to on daily basis? Dogs D Cats D

Other (s) .

B3. Please indicate whether dogs in your area of operation are:

a. Housed Proportion (%) .

b. Regularly dewormed Proprotion (%) .

c. Bathed / dipped proportion (%) .

Others (please specify) .

B4. Name the top five conditions that are brought to your facility on daily basis (begin with the

most common).

a .

b .

c .

d .

e .

B5. Do you have a veterinary laboratory at your facility? Yes D No D

B6.1 If No, do you have a veterinary laboratory within your catchment area? Yes D No D

B7. How far is the next veterinary laboratory to your c1inic? km

B8. How often do you send samples to the lab? DailyD WeeklyD Monthly D

Other (specify) .

B9. What type of samples do you take to the laboratory?
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B9.1 If yes, what type of parasites are commonly diagnosed at the lab? Enumerate them

a. . .

b .

c. . .

d .

B 1O. How often do you deworm dogs that are brought to the cl inic?

Every patient that come D Patients with suspicious signs D Others (Specify) .

B 11. What type of deworming regime do you recommend to your clients? Monthly D

Quarterly D No regime D Other (specify) .

B12. Is there a season or month when worms are more common in dogs? Yes D No D

B12.1 If yes, which period (s) .

B 13. What type of anthelminthic do you prescribe for dogs? Name them in order of frequency

a .

b .

c .

d .

B 14. How do you store anthelmintic? Please specify .

B15. Have you encountered owners who complain after deworming that dog still have worms?

YesD NoD

a. If yes, which dewormer (s) had been used? .

b. What did you attribute the dewormer failure to? .
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B 16. What age-group of dogs do you commonly find parasitized with worms?

Puppies D young dogs D adults dogs D
B 17. Have you encountered dog worms that are of public health importance?

B17.1 If yes, Name them? .

B 18. What action was taken on these cases? .

B 19. Please rank the sources information on zoonotic helminth for dogs owners in your area:?

a. Magazines

b. Veterinarians

c. Internet

d. Routine education

e. Other (Specify)

B20. Do you recommend to dog owners to deworm bitches? Yes No Not sure

B20.l If yes, at what stages of gestation? .

B21. What type of education would you like dog owners and the public enlightened on?

B22. Who should be addressed (adults, children etc) in educational program (s) .

B23. What can you recommend to the government or policy makers as far as worms in dogs are

concerned? .
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Appendix III: Questionnaire for veterinary drug store attendants

PREVALENCE, CLINICAL MANIFESTATIONS, ANTHELMINTIC EFFICACY,

DIAGNOSIS AND MANAGEMENT OF HELMINTHOSIS IN DOGS IN GHANA AND

KENYA

ID number

Name of interviewer .

Da te of in terview .

Section A. Background information

AI. Shop attendant's Particulars

Al.l Name .

A 1.2 Business location " .

A 1.3 Contact Address: .

A 1.4 Telephone number: .

Al.S Sex Male D FemaleD

A1.6 Job position: DirectorD Store attendantD Others (specify) .

A1.7 Educational background: Primar{] SecondaryD TertiaryD NoneD

A1.8 Age group: <20 yearO 20-30 yearsD 31-Sc(] >60 yearsD

A1.9 How long have you been in the sale of vet drugs? .

Section B

B I. Of the veterinary drugs that you sell, which ones will you consider as the fast "moving ones?

Antibiotic Vitamins Dewormers Others (specify) .
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B2. What type dog dewormers do you stock:

Commercial name Active ingredients

a. . .

b .

c. . .

d .

e. . .

B3. Which of the dewormers above sells faster? .

B4. Do you get dog owners come to purchase dewormers for their dogs by themselves (without
veterinary prescription) Yes D No D
B4.1. Which of the dewormers do they prefer to buy? .

B5. How are the dog dewormers presented? Tablets Liquid form other. .

B6. Which of the dog dewormer do you recommend to dog owners? .

B6.1. How much (quantity) of the above are you able to sell in a
day? .
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APPENDIX IV: RESPONDENT'S CONSENT FORM

TITLE OF STUDY: PREVALENCE, CLINICAL MANIFESTATIONS, ANTHELMINTIC
EFFICACY, DIAGNOSIS AND MANAGEMENT OF HELMINTHOSIS IN DOGS IN
GHANA AND KENYA

PRINCIPAL INVESTIGATOR: DR SHERRY A.M JOHNSON

ADDRESS: Department of Clinical Studies, Faculty ofYeterinary Medicine, University of

Nairobi

General Information about the Research

A PhD student of the Department of Clinical Study, University of Ghana is conducting a study

on the prevalence of worms in dogs that are transmissible from animals to humans in the Greater

Accra region. The purpose of the study is to determine the prevalence, manifestation,

management and drug efficacy of zoonotic helminthosis in dogs in Greater Accra region.

Procedures

If you agree to participate in this study, your dog's blood and fecal samples will be taken and

you will be interviewed on your dog management practices with regards to deworming, feeding

and housing.

Possible Inconvenience

The interview will take about 10 minutes and if you feel that this is inconvenient for you, you are

free to decline.

Possible Benefits

Your participation will help determine the training needs of pet owners with regards to the

deworming, disposal of dog wastes. Your dog will also be dewormed free of charge once

diagnosed to have worms.
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Confidentiality

All your answers will be completely confidential. Only the researcher and the research assistant

who will interview you will have access to information concerning you. A code will be used

instead of your name to secure all responses. Your information will be stored on a computer

which will be pass- worded and accessible only to the researcher. The completed interview and

other data will be secured in a locked cabinet and destroyed after three years. Your identity and

responses will not be disclosed to anyone.

Compensation

You will not be compensated financially since your participation is voluntary.

Additional Cost

You will not incur any additional cost if you decide to participate in the study.

Voluntary Consent

Your participation is completely voluntary and decision to either participate or not wi II not affect

you in any way.

Contacts Information

Please contact Dr Sherry Johnson on 0246612145 or Dr Gakuya on +254 722443434 for any
further clarification with regards to the research.
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APPENDIX V: Letter of approval ofbiosafety, animal use and ethics committee

r.o Box 3:11 ,17
':11)1~I() NAirc.:li.
Kenya

'I~I: <J.~1••:-:,11+HW1L,·.3
t:x:. ~:s.)2

Direct Line. ~44a648

Dr Shcrrv AlllU \'bw 11mJohnson
C/ll Dt'pl'c)!"Clini,,1I ':\1rrdk"

[)~~II Dr J 0!U\S0Jl.
H.E·:.\ppl:lI.v~lllr IlnHIIJ~HI b\' Bios;lCen' . .'\nillwl u~c anti [,.hies NJJJlIliUcc

Prevalence, clinical manifestanons, antlhchuintic efficacy, "i:Jgnlf~is and
m'lfru~elllelit of Helmtnthosl» in du~~ ill Cbiln~ And Kenya
Ih' Dr Shcrrv Aura .\tlll'\llJiO Johnsnn
\\:~~refer 1<> ihc above proposal thm ycu rc-« brri.ted ~J lOLlJconunlncc. We IH"~ now
reviewed your rW"I'.1Sfll .md are saLi~lied [hat you ~Lo1r,,,~;:dI:)~ cnncerns [l~~: had been
raised.
W", ht'rcby approve your ,wdy lJ.~[t'r your revised proposal.
Y~)IJn.. -iinccrely

'\ •. (' r I
It)' ).
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