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Abstract 

 

Samoa has a tropical island climate ideally suited to many infectious diseases, and vectors for 

some infectious diseases are known to be present. Dogs are very commonly owned in Samoa 

with 88% of households owning an average of two dogs. Many canine infectious diseases are 

zoonotic and there is limited preventative medicine available for dogs in Samoa. There are very 

few studies into the presence of zoonotic pathogens in Samoa or other South Pacific islands, 

and the role of dogs as a reservoir for zoonotic diseases is unknown.  

The prevalence of selected infectious diseases was evaluated in 242 dogs undergoing surgical 

sterilisation in Samoa in July 2010 and August 2011. Data were obtained from dogs’ owners by 

interview, including age, environment and any previous preventative medication. Serum and 

faecal samples were collected, and the skin examined for external parasites. Seroprevalence of 

Leishmania infantum, Anaplasma phagocytophilum, Ehrlichia canis, Borrelia burgdorferi and 

Dirofilaria immitis were assessed using point of care qualitative ELISA assays. Faecal flotation 

was performed on fresh faecal samples to screen for intestinal parasites. Ninety-three faecal 

samples were also tested for Giardia and Cryptosporidium spp.  

The median age of dogs was one year, with a range of four months to eight years and 73.3% 

were male. The vast majority of dogs were owned, the remaining were stray animals. 

Prevalence of D. immitis was 46.8% and A. phagocytophilum seroprevalence was 8.4%. All 

serum samples tested negative for E. canis, B. burgdorferi and L. infantum. Prevalence of 

hookworm was 92.6%. Trichuris vulpis, Dipylidium caninum, Toxocara canis and Capillaria spp. 

were also detected. Prevalence of Giardia spp. was 29.0% while no Cryptosporidium was 

detected. Fleas were found on 83.7% of the dogs, ticks on 42.1% and lice on 8.1%. Identified 

ticks were Rhipicephalus sanguineus, with no Ixodes spp. found. 

The results indicate a very high prevalence of hookworm, D. immitis, and external parasites in 

Samoan dogs. This study provides valuable information on canine health and suggests dogs 

could play a role in the spread of some zoonoses in Samoa. Further studies are required to 

review the public health implications of this study. 
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Chapter 1   Introduction and aims 

 

The aim of this study was to investigate the prevalence of selected infectious diseases in dogs 

in Samoa. The opportunity for this research arose as result of Massey University trialling a 

student elective as part of the Bachelor of Veterinary Science (BVSc) final year in July 2010. For 

this elective, a group of final year veterinary students and a veterinarian from the Massey 

University Veterinary Teaching Hospital collaborated with the Animal Protection Society (APS) 

of Samoa, a non-profit organisation founded in 1994 to improve the welfare of companion 

animal species in Samoa. For a four week period, the APS advertised a widespread free canine 

and feline spay and castration mobile clinic which would travel to many remote areas on both 

of the main islands. On investigation prior to this inaugural elective, it was apparent that there 

was very little information in the literature regarding canine health and disease in Samoa, and 

yet it was clear that dog ownership was very common with dogs living in close contact with 

people in town and village communities. A lack of population control meant that canine 

overpopulation was a visible problem (Farnworth et al., 2012).  

Large, free-roaming populations of dogs are known to increase the prevalence of canine 

disease and associated risk of zoonotic infection (Acosta-Jamett et al., 2010; Farnworth et al., 

2012). Dogs are important reservoirs for certain zoonotic vector-borne diseases, such as 

leishmaniasis (Michel et al., 2011) and potentially anaplasmosis (Doudier et al., 2010). Knowing 

the prevalence of infectious diseases in a canine population can help to give an indication of 

risk to public health. Dogs living within communities also defaecate in living areas of the towns 

and villages and this can increase the risk of zoonotic diseases such as hookworm related 

cutaneous larva migrans (HrCLM) (Hochedez and Caumes, 2007) and toxocariasis (Rubinsky-

Elefant et al., 2010). The condition of large populations of free-roaming dogs is often relatively 

poor (Farnworth et al., 2012). This can be due to lack of veterinary preventative care and 

treatment and high infectious disease rates, and can comprise a major animal welfare issue. 

By investigating the prevalence or seroprevalence rates of selected canine infectious diseases, 

this study aimed to establish which of these diseases are present in the Samoan canine 

population, within the confines of the study population examined. In addition, by providing 

prevalence data on several zoonotic diseases, the results aimed to assess which of these 

diseases people in direct contact with dogs, or sharing the same environment as dogs, could be 

at risk of contracting. The study also aimed to investigate what current canine preventative 
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health care treatments are commonly used by Samoan dog owners for their dogs. This would 

form the basis for recommendations regarding preventative health care for dogs in Samoa, 

particularly with regard to reducing the potential risk of zoonotic disease transmission to 

people living or holidaying in close proximity to dogs.  This study would also give baseline 

prevalence levels for monitoring the results of any preventative measures implemented.  
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Chapter 2   Literature Review 

 

2.1   Samoa: Location, climate and demographics 

Samoa, previously known as Western Samoa, is situated in the South Pacific and consists of 

two main islands, Upolu and Savai’i, and a number of smaller islets. The surface area is 2785 

km2 (Figure 2.1).  

 

 

Figure 2.1: Map of Samoa 
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The climate is tropical with precipitation varying from 2,540 mm annually on the northern and 

western coasts to 7,620 mm inland. Temperatures vary little with an average of 27 °C (range 

23 to 30 °C) throughout the year (Anonymous, 2012a) . 

The last official census of Samoa was carried out on 11th November 2011. On this date the 

population of Samoa was 187,820 and showed annual growth of 0.63% per annum when 

compared with the census of 2001. The total number of households was 26,205 with a mean 

of 7.2 persons per household (Reupena, 2012b). For analysis of the census data, the 

population was divided into four groups according to geographical area (Figure 2.2). The Apia 

urban area, contained 19% of the Samoan population and was the most densely populated 

region. The other three regions were classified as rural: northwest Upolu contained 33% of 

population, the rest of Upolu 24%, and Savaii 23% (Reupena, 2012b). 

 

 

Figure 2.2: The geographical regions used in the 2011 Samoa census: Apia Urban Area, North 

West Upolu, Rest of Upolu and Savai’i (Reupena, 2012b).  

 

The Samoan economy is dependent on tourism, which represents the largest single 

employment activity in the country. Tourism arrivals are increasing each year, with 127,600 

arrivals in 2011, contributing over US $120.8 million to the economy. New Zealand is the 

dominant source country for visitors to Samoa, with a total of 54,900 visitors from New 

Zealand in 2011 (Reupena, 2012a).  
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2.2   Canine health, husbandry and disease in Samoa 

2.2.1   Dogs and public attitudes to dogs in Samoa    

It is not known exactly how many dogs there are in Samoa, however they are very commonly 

owned. In a questionnaire based study conducted in 2009 which interviewed people from rural 

and urban communities on both main islands, 88% of 327 respondents were dog owners and 

the median number of dogs per household was two (Farnworth et al., 2012). This can be 

considered a very high rate of dog ownership. The vast majority of dog owners (79%) stated 

that the primary reason for dog ownership was for protection and as a result the relationship 

of Samoans towards their dogs is very different to that of most western cultures. The vast 

majority of dogs are free-roaming, with few households fenced in, and there is no system of 

dog registration or licensing in the country. This large and free-roaming canine population is 

very visible in both urban and rural Samoa. In the aforementioned study the majority of people 

believed dogs should be fenced in (67%), however only 5% of respondents had their property 

fenced in such a way that a dog could be contained (Farnworth et al., 2012).  Tourists 

frequently comment on this apparently stray dog population, and there are anecdotal reports 

of tourists being bitten by aggressive dogs. Traveller advice includes carrying sticks or stones to 

scare off any dogs that may approach (Anonymous, 2007b, 2012e). Tourists might increase 

their risk of being bitten by trying to approach or feed stray dogs (Anonymous, 2010b). One 

quarter of Samoans themselves admit that they or a family member have been bitten by a dog, 

most often by one they themselves own (Farnworth et al., 2012). Abuse and killing of dogs 

appears to be common and was considered acceptable by 26% of people asked (Farnworth et 

al., 2012). It is generally well accepted that education is one of the most important routes by 

which improvements in dog welfare and changes in social attitudes to dogs can be achieved 

(Anonymous, 2007a), and in Samoa rates of dog-specific education is very low (16%) 

(Farnworth et al., 2012). 

Anecdotal reports suggest in many communities it is common practice to control the dog 

population by killing female puppies in a litter at birth. This is reflected in a highly skewed sex 

ratio with male dogs representing 71% of the canine population (Farnworth et al., 2012). Over 

80% of dogs are entire and the remaining 20% would have been sterilised by the APS. There 

are currently no private veterinarians in Samoa. The only veterinary care for companion 

animals comes from the APS, based in Apia, who run free sterilisation clinics in an attempt to 

help control the canine population. The APS also provides preventative health care, with 
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vaccines, anthelmintics and parasiticides sold at cost price from the clinic in Apia, but for many 

Samoans their dog’s health is not a priority and so very few dogs are vaccinated, de-wormed or 

de-flead regularly. For other dog owners the clinic is not accessible, especially if their dogs are 

unapproachable and they are unable to transport them to the clinic. For some, the need for 

preventative health care is not understood.  

In the South Pacific region, dogs were introduced with human settlers. The dogs today are as a 

result of multiple introductions, estimated to have begun approximately 2000 years before the 

present (Anderson, 2009). The Samoan dog type is a mixed breed, tending to be medium sized, 

with a short to medium hair-coat (Figure 2.3).  

 

 

Figure 2.3: A selection of Samoan dogs (author’s own photographs)  
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Compared with dogs, cats are much less visible in Samoan communities. It is assumed that 

feline population control is largely due to the large numbers of dogs in these areas. There is 

even less information available on feline populations and ownership in Samoa than there is for 

dogs.  

 

2.2.2 Canine disease and health in Samoa and the Pacific 

Very few previous studies have been carried out into animal disease status in Samoa, 

especially in small animal medicine. A serological study of animal health status in Samoa 

conducted in 1997 (Martin, 1999) concentrated mainly on production animals, although ten 

dogs were also sampled. The results confirmed the presence of Ehrlichia canis and canine 

parvovirus (Table 2.1).  

 

Table 2.1: Results of a study investigating selected canine infectious diseases (Martin, 1999). 

Serum agglutination test (SAT), Indirect fluorescent antibody test (IFAT), Serum 

neutralisation test (SNT), Haemagglutination inhibition test (HIT). 

Canine disease Serological test No. of samples 

Tested Positive 

Canine parvovirus SAT 10 8 

Ehrlichia canis IFAT 10 6 

Canine distemper virus SNT 7 0 

Brucella canis HIT 10 0 

Japanese encephalitis virus HIT 1 0 

 

This study also confirmed that leptospirosis was endemic in Samoan bovine, equine and 

porcine populations. No canine samples were tested for leptospirosis. Samples from 

commercial and village pig and cattle populations, and village horse populations were tested 

against 21 Leptospira serovars. Of the 316 bovine samples tested, 40% were positive to one or 

more serovars, with hardjo, australis, szwajizak and medanesis being most prevalent. Of the 

161 porcine sera tested, 23% were positive, with copenhageni, australis, canicola and swajizak 

being the most prevalent serovars. Forty-four percent of the 63 equine sera tested were 

positive, with copenhageni and canicola being most prevalent (Martin, 1999). 
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Internal and external parasites identified in the dog included Ancylostoma caninum, Toxocara 

canis, Trichuris vulpis, Dipylidium caninum, Dirofilaria immitis, Ctenocephalides canis, 

Ctenocephalides  felis, Demodex canis, Trichodectes canis, Rhipicephalus sanguineus, Giardia 

spp. and Coccidia (Martin, 1999). 

Unpublished anecdotal evidence, recorded by veterinarians working for the APS, also indicates 

the presence of canine parvovirus and canine distemper, all the parasites listed above and 

Sarcoptes scabei. To the authors knowledge, there are no reports of Ixodes ticks being present 

in Samoa, and rabies has never been recorded (Rupprecht and Shlim, 2012). 

 

2.3   Intestinal parasites 

Many of the most common canine intestinal parasites have a worldwide distribution, however, 

prevalence varies according to region and the lifestyle and veterinary care of the population 

investigated (Bugg et al., 1999; Fontanarrosa et al., 2006; Hackett and Lappin, 2003; Itoh et al., 

2009; Joffe et al., 2011; Little et al., 2009; Overgaauw et al., 2009; Traub et al., 2005).  

Knowledge of local prevalence helps veterinarians to make recommendations to dog owners 

on anthelmintic use, and given the zoonotic potential of some canine endoparasites (Schantz, 

1994), this information is also valuable to human health care providers. The parasites 

discussed in detail below are the most common intestinal parasites of potential zoonotic 

importance, found in both tropical and temperate regions worldwide. 

 

2.3.1   Canine hookworm 

Aetiology 

Worldwide, the most common hookworms of dogs are Ancylostoma caninum, Ancylostoma 

braziliense, Ancylostoma ceylanicum and Uncinaria stenocephala. Canine hookworm can cause 

HrCLM and eosinophilic enteritis in humans, with A. braziliense and A. caninum most 

commonly implicated, respectively (Prociv, 2003).  
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Epidemiology 

The exact geographical distribution of each hookworm species is not known, as ranges overlap, 

hosts can harbour more than one species simultaneously and the Ancylostoma spp. eggs are 

morphologically indistinct, with only the larger U. stenocephala egg being identifiably 

different. Distribution is determined by the presence of suitable hosts and environmental 

conditions which support transmission (Prociv, 2003).  

A. caninum, A. braziliense and A. ceylanicum are found in tropical and subtropical climates 

where the conditions are ideal for hookworm survival, whereas U. stenocephala is more 

commonly found in the colder climates of North America, Europe, Australia and New Zealand 

(Bowman et al., 2010; Prociv, 2003).  The most common species of canine hookworm 

worldwide is A. caninum which is found throughout the warmer regions of the world (Bowman 

et al., 2010; Landmann and Prociv, 2003; Prociv, 2003). A. braziliense has been reported from 

warmer regions of the USA, the Gulf of Mexico and the Caribbean, regions of South America, 

Africa, Australia and Asia (Bowman et al., 2010; Lucio-Forster et al., 2012; Palmer et al., 2007; 

Traub et al., 2007), and A. ceylanicum has been reported from many regions in Asia, Australia 

and South America (Bowman et al., 2010; Mahdy et al., 2012; Palmer et al., 2007; Traub et al., 

2007; Traub et al., 2008).  Prevalence of infection varies depending on the density of dogs, 

climate and conditions, and anthelmintic use in dog populations. Hookworm prevalence from 

canine faecal samples has been reported as high as 98% (Traub et al., 2004). This highest 

reported prevalence was from dogs from a rural tea growing region of India with a sub-tropical 

climate, using a combination of polymerase chain reaction (PCR) and conventional microscopy.   

There are very few data on canine hookworm species present in the Pacific Islands. 

Anecdotally, canine hookworm is known to be present in Samoa, and has been assumed to be 

A. caninum (Martin, 1999), although there is no evidence that any speciation has been carried 

out.  

Pathogenesis and lifecycle 

The main cause of morbidity in dogs with hookworm infection is blood loss due to sucking 

adults in the small intestine. A. caninum causes by far the greatest blood loss with up to 1-2mls 

of blood loss caused by each adult worm per day (Georgi et al., 1969; Traub et al., 2004). A. 

braziliense and A. ceylanicum cause significantly less blood loss and are rarely associated with 

disease as a direct result of blood loss (Miller, 1966b; Traub et al., 2004). U. stenocephala is 
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not haematophagic, but can cause diarrhoea in heavy infections as a result of a protein losing 

enteropathy (Prociv, 2003).  

Eggs are produced by adult female worms feeding in the lumen of the small intestine, and are 

passed in the faeces. Under the right environmental conditions the stage 1 larvae (L1) hatch in 

1-2 days (Figure 2.4). Larvae continue to grow and develop in the soil or faeces, moulting twice 

until after 5-10 days they develop into the infective stage 3 larvae (L3). These infective larvae 

can survive 3-4 weeks in the environment in favourable conditions (Anonymous, 2012d; Prociv, 

2003). On contact with the host skin, L3 is able to invade either by directly penetrating the skin 

(A. braziliense) or by gaining access via hair follicles (other hookworm species) (Prociv, 2003). 

L3 is then carried to the heart and lungs via blood vessels. In the lungs, larvae penetrate the 

pulmonary alveoli and climb the bronchial tree to the pharynx where they are swallowed. 

Larvae reach the small intestine where they develop into adults and lay more eggs 

(Anonymous, 2012d). Infection may also be acquired by the ingestion of L3, either directly 

from the environment or by ingestion of paratenic host tissue. In this case, larvae may develop 

directly into adult worms in the intestine, without tracheal migration (Prociv, 2003).  

In pregnant bitches following parturition, dormant A. caninum larvae are able to migrate to the 

mammary tissue and lead to neonatal infection via the milk, although this has not been shown 

in other species. Transplacental infection occurs only rarely and is not considered an important 

route of infection (Stone and Girardeau, 1968). 

The prepatent period varies from 14-29 days following percutaneous infection, though this 

may be longer in older dogs, and shorter when L3 is directly ingested (Miller, 1966a; Prociv, 

2003; Yutuc, 1954). Adult worms attain their maximal size after 30 days and live an average of 

6 months with individual females producing as many as 28,000 eggs a day at their peak (Prociv, 

2003).  

 

Clinical presentation 

A. caninum is the most important hookworm in dogs and is associated with blood loss and 

haemorrhagic enteritis (Miller, 1966a). Disease in puppies can result in diarrhoea, weakness, 

pallor, dehydration and poor growth. Infection can cause a blood loss anaemia, which may 

occur as a rapid, potentially fatal anaemia or a chronic iron deficiency anaemia (Okewole and 

Oduye, 2000). A. ceylanicum, A. braziliense and U. stenocephala cause little or no blood loss 

(Prociv, 2003).  
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Hookworm dermatitis can occur in dogs when the larvae of A. braziliense, A. caninum or U. 

stenocephala enter the skin of areas in direct contact with the ground. The skin on the feet, 

sternum, ventral abdomen, tail and posterior thighs are usually affected, with red papules 

developing into erythematous, thickened, alopecic lesions that can be pruritic (Campbell, 

2005). 

 

Figure 2.4: Life cycle of canine hookworm: Eggs are passed in the faeces   and larvae hatch 

in 1-2 days. The larvae develop in the faeces and/or soil   into the infective L3 larvae . 

On contact with the animal host , the L3 larva penetrates the skin, is carried to the heart 

then lungs via blood vessels. Larvae penetrate the pulmonary alveoli, ascend the bronchial 

tree to the pharynx, where they are swallowed. Larvae reach the small intestine where they 

develop into adults . Humans can become infected when L3 penetrates the skin but 

usually larvae do not develop further and migrate aimlessly within the epidermis . 

(Anonymous, 2012d) 

 

Diagnosis 

Diagnosis of hookworm infection is made by demonstration of the ova in faeces.  Faecal 

concentration methods such as faecal flotation allow concentration of any parasite eggs and 

cysts, while removing debris. The principle of any flotation method is that parasitic material is 

less dense than the flotation fluid in which the faeces are suspended and so float to the top. 
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This top layer can then be collected for microscopic evaluation. Saturated solutions of sodium 

chloride, sodium nitrate, magnesium sulphate and zinc sulphate all float common helminth 

eggs including hookworm (Zajak and Conboy, 2012).  

Faecal flotation is inexpensive and relatively easy to perform, however it is not possible to 

distinguish between the eggs of different hookworm species by this method alone, as grossly, 

the eggs appear very similar. Figure 2.5 depicts the appearance of a hookworm egg. By 

measuring the eggs, it is possible to distinguish between Ancylostoma spp. and U. 

stenocephala, as the latter are slightly larger, but it has been widely accepted that 

distinguishing between Ancylostoma spp. is not possible from light microscopy alone (Traub et 

al., 2004). A recent study has shown a difference between the size of A. braziliense and A. 

caninum eggs, as measured by light microscopy, with A. braziliense eggs significantly smaller 

than A. caninum eggs (Lucio-Forster et al., 2012), however the study only evaluated a small 

number of eggs from very few dogs all from the same area.  

 

 

Figure 2.5: Hookworm egg (x400) 

 

Cultured larvae of all hookworm species are also morphologically very similar, so historically, 

accurate speciation has required the examination of adult worms, obtained either from faeces 

following treatment, or from necropsy (Prociv, 2003). 

Recent advances in DNA technology have meant that increasingly PCR can be used to detect 

hookworm DNA in canine faces, and PCR-restriction fragment length polymorphism (PCR-RFLP) 
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techniques have been described to accurately differentiate between A. caninum, A. braziliense 

and A. ceylanicum. PCR-RFLP has been shown to be highly sensitive, detecting Ancylostoma 

spp. from microscopy-negative samples (Traub et al., 2004). 

Cutaneous lesions in dogs are usually diagnosed based on a combination of clinical signs and a 

history of contact with ova-containing faeces or contaminated soil (Campbell, 2005).  

 

Public health 

Hookworm larval infection in humans can lead to HrCLM with A. braziliense most commonly 

implicated as the cause (Bowman et al., 2010; Prociv, 2003). As such, the occurrence of HrCLM 

seems to mirror the geographical distribution of this species, with infections most frequently 

occurring in tropical and subtropical countries in Southeast Asia, Africa, South America, the 

Caribbean and south-eastern areas of the USA (Hochedez and Caumes, 2007). Most reported 

cases have been tourists who frequented beaches in regions where A. braziliense is endemic in 

cats and dogs (Hochedez and Caumes, 2007). The lesions characteristic of HrCLM are itchy and 

persistent, long serpiginous tracts in the skin and occur as a result of aimless migration of the 

larvae in the epidermis after gaining percutaneous access (Feldmeier and Schuster, 2012; 

Prociv, 2003). Infections occur after contact with moist soil, sand or canine faeces 

contaminated with L3 stage hookworm larvae, and so lesions usually occur on skin that has 

been exposed to these, frequently feet and hands (Hochedez and Caumes, 2007). HrCLM is 

eventually self limiting, however it is often treated due to discomfort and potential secondary 

bacterial infection, with albendazole and ivermectin being the treatments of choice (Feldmeier 

and Schuster, 2012; Hochedez and Caumes, 2007). 

U. stenocephala is also thought to cause HrCLM as autochthonous cases have been reported in 

parts of Europe where other hookworm species do not occur (UK and Germany) (Diba et al., 

2004; Klose et al., 1996). It is known that U. stenocephala can infect humans percutaneously, 

resulting in serpiginous lesions (Bowman et al., 2010), though in reported cases no larvae were 

identified (Diba et al., 2004; Klose et al., 1996).  

A. caninum can also cause HrCLM lesions in people, however, these are milder and more 

transient, follicular, papular and pustular lesions (Caumes et al., 2002). Myositis has been 

associated with A. caninum larvae (Little et al., 1983), which have also been suspected as a 

potential cause of diffuse unilateral subacute neuroretinitis, a form of ocular larva migrans 
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which can lead to loss of vision and retinal lesions (Bowman et al., 2010). It has also been 

known for this species to reach adulthood in humans resulting in an eosinophilic enteritis, 

although this is uncommon (Landmann and Prociv, 2003). However it is well recognised that A. 

ceylanicum is able to develop into adults in humans, and can result in abdominal pain 

(Bowman et al., 2010; Carroll and Grove, 1986; Prociv, 2003). Eosinophilic pneumonitis 

associated with Ancylostoma spp. larvae has been reported, often following the development 

of HrCLM (Hochedez and Caumes, 2007). 

 

2.3.2   Other intestinal parasitic helminths  

Toxocara canis 

Toxocara canis is a helminth parasite of dogs with a worldwide distribution. It has been 

reported in dogs in Samoa (Martin, 1999). The dog and fox are the definitive hosts of T. canis, 

although it is able to complete its lifecycle in other canids, and every species of mammal and 

bird has the potential to be a paratenic host (Lloyd, 1998a).  

Infection occurs when an adult dog ingests embryonated eggs or an infected paratenic host 

(Figure 2.6). In the gastrointestinal tract the infective eggs hatch and the larvae penetrate the 

gut wall. In young dogs, larvae migrate to the lungs, ascend the bronchial tree and trachea and 

are swallowed to return to the intestine and develop into adult worms. In adult dogs, the 

majority of larvae migrate to the somatic tissues where the larvae encyst, although some 

larvae may undergo tracheal migration and proceed to develop in the intestinal tract. Encysted 

larvae can remain in tissues for several years, and in late pregnancy, these larvae are activated 

and migrate across the placenta to the foetus. Puppies are also infected by the transmammary 

route. Larvae passed onto puppies, by either route, develop into adults in the small intestine 

(Anonymous, 2012f). Faecal egg counts in puppies can reach 100,000 per gram of faeces and 

so puppies are a major source of environmental egg contamination (Lloyd, 1998a). Humans 

can become accidental hosts by ingesting eggs in contaminated soil or infected paratenic hosts 

(Rubinsky-Elefant et al., 2010). 

In the environment, eggs develop to the infective embryonated stage at temperatures above 

10⁰C, and can survive in favourable conditions for at least 6-12 months. Only certain 

disinfectants (Verocai et al., 2010), heat greater than 30-35⁰C and desiccation kills the eggs in 

the environment (Lloyd, 1998a).  
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In adult dogs, clinical signs and pathology are usually absent, but T. canis can cause severe 

illness and even death in young, heavily infected puppies. Damage by adult worms to the 

intestine can result in villous atrophy, malabsorption and poor growth, and large numbers 

migrating through the lungs can damage tissue and result in respiratory signs (Lloyd, 1998a). A 

diagnosis of T. canis infection is usually quite easily made by faecal flotation methods, as faecal 

egg output is usually high in affected animals (Lloyd, 1998a).  

 

 

Figure 2.6: Life cycle of Toxocara canis (adapted from www.dpd.cdc.gov) (Anonymous, 

2012f). 

 

Infection with T. canis in humans results in toxocariasis, one of the most common zoonotic 

infections worldwide (Rubinsky-Elefant et al., 2010). Most infections remain asymptomatic, 

however when symptoms do occur they can result in permanent ocular or neurological 

damage. The two main presentations of toxocariasis are visceral larva migrans (VLM) and 

ocular larva migrans (OLM). After ingestion, the eggs hatch and the larvae penetrate the 

intestinal wall and are carried by the circulation to a wide variety of tissues (heart, lungs, liver, 
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brain, muscle, eyes). The larvae do not develop any further in these locations, but it is the 

severe local immune responses to the larvae that result in toxocariasis (Rubinsky-Elefant et al., 

2010). Fever, abdominal pain, respiratory signs and hepatomegaly may occur in cases of VLM. 

Permanent blindness may be the outcome from OLM. Risk factors for disease include 

geophagia, rural residence, low level education, overcrowding and poverty. Pet ownership has 

not been convincingly linked to toxocariasis, but this may just be an indicator of the degree of 

environmental contamination outside their households (Lee et al., 2010b). 

Dipylidium caninum 

The cestode Dipylidium caninum is the most common tapeworm found in dogs (Conboy, 2009) 

and has been reported previously in Samoa (Martin, 1999). The life cycle involves the flea, 

Ctenocephalides felis or Ctenocephalides canis, and the dog louse, Trichodectes canis, as an 

intermediate host (Conboy, 2009). Proglottids are passed from the anus of an infected dog or 

cat. These are then eaten by the flea larvae and develop to mature cysticercoids in the flea. 

Infected adult fleas are then eaten by cat or dog during grooming. D. caninum prevalences 

tend to follow the prevalence of the intermediate host flea i.e. usually higher in tropical 

developing countries, and in stray cat or dog populations (Lloyd, 1998b). Infection in dogs is 

well tolerated. Faecal flotation has poor detection sensitivity, but may demonstrate eggs or 

egg packets (Conboy, 2009). Human D. caninum infection can occur after ingestion of an 

infected flea, mainly in young children, though causes minimal clinical signs of disease 

(Conboy, 2009).  

Trichuris vulpis 

The canine whipworm, Trichuris vulpis, is a common cause of large bowel diarrhoea in dogs. 

Transmission is by the faecal-oral route. After ingestion of the infective embryonated egg, it 

passes into the small intestine where it hatches. Larvae then migrate to the caecum and colon 

where they attach to the mucosa to feed, develop to adulthood and start producing eggs 

(Washabau and Holt, 2005). The prepatent period is 8-12 weeks (Traversa, 2011). 

Eggs remain viable and infective for years in the environment, with heat, cold, desiccation and 

sunlight having little effect on viability.  Eggs are a constant source of infection and reinfection 

for dogs living in contaminated environments. This, coupled with the fact that there is no 

transmammary or transplacental transmission, and a long prepatent period, means the 

incidence and parasite burden tends to be higher in older dogs (Traversa, 2011).   
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Affected dogs tend to show mild clinical signs of colitis, although some dogs may have a 

pseudo-Addisonian presentation, with clinical signs and laboratory findings suggestive of 

hypoadrenocorticism, but a normal response to an ACTH-stimulation test. Diagnosis can 

usually made by finding eggs with routine faecal flotation, however intermittent shedding may 

result in false-negative results (Washabau and Holt, 2005). 

The zoonotic potential of T. vulpis is being debated. In the past it has been reported to cause 

VLM and patent intestinal infections in humans, however few cases have been described and 

only very rarely a diagnosis of T. vulpis definitively confirmed. Further studies are required, but 

until definitively proven to be so, T. vulpis cannot be considered to be a parasite of zoonotic 

importance (Traversa, 2011).   

 

2.3.3   Enteric protozoa: Giardia duodenalis 

Aetiology 

Giardia duodenalis (syn. Giardia intestinalis, Giardia lamblia and Giardia entarica) is an enteric 

protozoa that infects a variety of mammals (Payne and Artzer, 2009). The species complex 

comprises of eight assemblages, from A to H, based on genotypes determined by various 

molecular factors (Caccio and Ryan, 2008; Lasek-Nesselquist et al., 2010; Xiao and Fayer, 

2008). Some assemblages are considered largely species-specific, while others can infect 

humans and animals. Dogs primarily harbour the species specific C and D, although 

assemblage D has also rarely been isolated from cat faeces (Palmer et al., 2008b). Assemblages 

A and B, mainly human isolates, have also been amplified from dog faeces (Table 2.2) (Lebbad 

et al., 2010; Li et al., 2012; Upjohn et al., 2010; Xiao and Fayer, 2008). Whereas assemblage A 

has been shown to have a modest to high prevalence in some studies, assemblage B is rarely 

found in dogs (Xiao and Fayer, 2008).   

Epidemiology 

Giardia has a worldwide distribution with many prevalence studies and case reports published 

in dogs (Becker et al., 2012; Itoh et al., 2005; Joffe et al., 2011; Little et al., 2009; Mircean et al., 

2012; Overgaauw et al., 2009; Papini et al., 2005; Silva et al., 2012; Traub et al., 2009; Upjohn 

et al., 2010).  Reported prevalence ranges from very low to as high as 55.2%, with the higher 

prevalences tending to occur in studies examining shelter and kennelled dogs (Itoh et al., 2005; 

Papini et al., 2005; Upjohn et al., 2010). Infection is also more common in younger animals 
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(Fontanarrosa et al., 2006; Gates and Nolan, 2009b; Little et al., 2009), and there is a trend for 

higher prevalence rates in winter (Fontanarrosa et al., 2006). A variety of techniques were 

employed to detect Giardia cysts or antigen in these studies, and this coupled with different 

inclusion criteria make the prevalences hard to compare. The prevalence of each of the eight 

assemblages, in all affected species, varies considerably from country to country (Caccio and 

Ryan, 2008).  

In a study of intestinal parasites of cats and dogs in Australia, Giardia was found to be the most 

prevalent parasite in dogs (Palmer et al., 2008a).  Giardia is also present in cats and dogs in 

New Zealand (Tonks et al., 1991). Elsewhere in the Pacific region data on Giardia presence or 

prevalence are scarcer. In Papua New Guinea, although there are no records of Giardia 

infection in dogs, cats or other species, human infections have been recorded (Owen, 2005). 

This also the case for New Caledonia (Germani et al., 1994). There are no case reports or 

prevalence studies of giardiasis from Samoa in the literature in any species, however Giardia 

infection is known to occur in dogs in Samoa (Martin, 1999). The paucity of data in this region 

is probably more due to lack of surveillance studies than an indicator of the absence of this 

pathogen.  

 

Table 2.2: Assemblages and host range of isolates of Giardia duodenalis (Lasek-Nesselquist 

et al., 2010; Palmer et al., 2008b; Xiao and Fayer, 2008) 

Assemblage Primary hosts species 

A Humans, primates, cattle, cats, dogs, rodents, wild 

mammals 

B Humans, primates, dogs, cattle, horses 

C Dog 

D Dog (cats) 

E Artiodactyls 

F Cats 

G Rodents 

H Grey seals, gulls 
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Pathogenesis and lifecycle 

Giardia spp. are transmitted by the faecal-oral route either by direct transmission or indirect 

ingestion of contaminated food, water or fomites (Scorza and Lappin, 2012b). After the cysts 

are ingested by a susceptible host, excystation occurs in the duodenum, after exposure to 

gastric acid and pancreatic enzymes. The two trophozoites contained in the cyst mature and 

attach to the brush border of the villous epithelium, start feeding and establish an infection, 

mainly in the duodenum and ileum in dogs (Gallego et al., 2007). In the intestinal tract, 

trophozoites multiply by binary fission and subsequently encyst on passage through the 

intestinal tract. Encystment is an adaption for survival outside the host (Midlej and Benchimol, 

2009). These cysts are then passed in the faeces, with a prepatent period of 1-2 weeks in dogs. 

Infection can last from 24 hours to months (Thompson et al., 2008). Young dogs shed an 

average of 2000 cysts per gram of faeces, but the degree of shedding can vary widely and 

tends to be intermittent (Tangtrongsup and Scorza, 2010). Cysts can survive for several months 

outside the host in wet, cold conditions, but are susceptible to desiccation in hot, dry 

conditions (Scorza and Lappin, 2012b).  

A combination of hypersecretion and malabsorption are the primary mechanisms causing 

Giardia diarrhoea. The exact pathogenesis of Giardia is not fully understood; however there 

appears to be a T-lymphocyte mediated pathogenesis leading to a diffuse loss of the 

microvillus brush border with or without villous atrophy. This results in reduced disaccharidase 

activity and malabsorption of electrolytes, nutrients and water, ultimately resulting in 

diarrhoea (Buret, 2005). Induction of intestinal epithelial cell apoptosis and disruption of the 

tight junctions results in increased permeability and this with hypersecretion of electrolytes 

adds to the diarrhoea (Troeger et al., 2007).  

Clinical presentation 

The main clinical signs of giardiasis are diarrhoea and weight loss. The diarrhoea is usually 

mucoid, pale and soft with a strong odour, and blood is uncommon. Most infected dogs are 

afebrile, do not vomit and serum biochemistry and complete blood count results are within 

normal ranges (Scorza and Lappin, 2012b). However, most dogs shedding Giardia cysts do not 

show any clinical signs. Younger, immunosuppressed animals and animals living in a crowded 

environment are most at risk of showing clinical signs (Thompson et al., 2008).  
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Diagnosis 

Giardia is one of the most commonly over- and under-identified parasites (Dryden et al., 

2006). Cyclical shedding of cysts mean that repeated faecal analysis may be necessary for 

detection, and cysts can deteriorate in faecal floatation solutions, leading to false negative 

results. False positives can result from misidentification of pseudoparasites or yeasts (Dryden 

et al., 2006). There are a number of detection methods available in dogs which can be used 

alone or in combination, and although specificity can be excellent in some tests, there is no 

one test with 100% sensitivity on a single faecal sample (Scorza and Lappin, 2012b).  

Giardia trophozoites can be observed in direct smears of unstained fresh faecal specimens 

using light microscopy. This method works best with diarrhoeic faeces or faecal mucus (Scorza 

and Lappin, 2012b). Although a quick, cheap and easy test, the sensitivity of this method is 

low, 30% in one study, and therefore should not be relied upon to rule out Giardia infection 

(Scorza and Lappin, 2012b).  

Faecal concentration techniques such as Sheather’s sugar centrifugation and zinc-sulphate 

centrifugation technique (ZSCT) can be employed to detect Giardia cysts (Tangtrongsup and 

Scorza, 2010). Passive flotation methods without centrifugation  detected only 14.7% of 

Giardia cysts compared to the ZSCT (Gates and Nolan, 2009a). Because of intermittent 

shedding of cysts, it is recommended to evaluate three samples over a period of one week 

before ruling out the presence of Giardia. The ZSCT performed on three faecal samples is 

considered by some as the gold standard technique for diagnosis of Giardia (Payne and Artzer, 

2009).  

Immunochemical detection using a monoclonal antibody-based direct immunofluorescent 

antibody (IFA) assay can be used to detect Giardia spp. cysts in faeces. Because this assay gives 

immunologic confirmation by fluorescence and morphologic evaluation (size and shape), and 

therefore false positives are less likely, the results from this assay are sometimes considered 

the gold standard in test comparison studies (Rishniw et al., 2010). This test can only be 

performed in laboratories equipped with a fluorescent microscope.  

There are multiple commercially available Giardia antigen enzyme-linked immunosorbent 

assay (ELISA) tests for use on dog and cat faeces. In a study that used the direct IFA assay as 

the gold standard, the Giardia antigen ELISA was estimated to have a moderate sensitivity of 

77% and a specificity of 92%, although at a lower “real world” prevalence level the positive 

predictive value dropped making it a less reliable test when used alone, but similar to a single 
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ZSCT (Rishniw et al., 2010). The Companion Animal Parasite Council recommends that faecal 

antigen tests are used as an addition to faecal floatation and only in the evaluation of dogs and 

cats with diarrhoea, as it is unknown what the zoonotic impact of an antigen-positive but cyst-

negative healthy pet might be, and it is also unknown how long the Giardia antigen assay 

remains positive after the resolution of diarrhoea (Anonymous, 2011).  

PCR can be used to amplify Giardia DNA from faeces and is a useful tool for determining the 

assemblage, however results can be inconsistent when different single genes are used for 

amplification; i.e. an isolate can be genotyped as a host specific assemblage by one gene but as 

a potentially zoonotic assemblage by another (Caccio et al., 2008). For this reason when 

genotyping is to be done, multilocus genotyping is recommended (Scorza and Lappin, 2012b).  

Public health 

Giardia is the most common parasitic infection affecting humans worldwide, with the majority 

of infections acquired by drinking contaminated water sources.  Children are most at risk of 

contracting the infection. As with dogs, many human infections are asymptomatic. When 

symptoms do occur they can range from an acute to intermittent to chronic non-bloody 

diarrhoea. Abdominal cramping, nausea, vomiting, steatorrhoea, anorexia and weight loss may 

also occur (Thompson, 1998b). However, humans are only infected with assemblages A and B, 

whereas as stated above the majority of canine infections are assemblages C and D. Some 

studies have shown dogs to be infected with assemblage A and, less frequently, assemblage B, 

but there are very few studies that actually assess the zoonotic potential of Giardia from cats 

and dogs (Ballweber et al., 2010; Xiao and Fayer, 2008). In a limited number of studies where 

there has been simultaneous sample collection from companion animals and humans, there is 

some evidence that dogs, cats and humans living in close proximity may have the same Giardia 

genotypes or subtypes (Ballweber et al., 2010). However, small sample sizes and a scarcity of 

cases with cats, dogs and humans having the same genotypes preclude detailed categorical 

conclusions. Further research into this field is required to resolve the role of cats and dogs as a 

source of human giardiasis.  

 

 

 



22 

 

2.3.4   Enteric protozoa: Cryptosporidium spp. 

Aetiology 

Cryptosporidium is a ubiquitous protozoan pathogen that inhabits the gastrointestinal and 

respiratory epithelium in mammals, birds and reptiles (Scorza and Lappin, 2012a). Most 

Cryptosporidium species are fairly host specific and the host-specific Cryptosporidium canis is 

the most commonly reported species in dogs. Cryptosporidium parvum, which infects mainly 

cattle, sheep, goats and humans, has also been isolated from the faeces of naturally infected 

dogs (Scorza and Lappin, 2012a).  Many similarities in epidemiology, pathogenesis, disease and 

public health concerns exist between Giardia duodenalis and Cryptosporidium spp. infections 

(Xiao and Fayer, 2008).  

Epidemiology 

Studies investigating the prevalence of Cryptosporidium spp. infections in dogs have 

demonstrated a worldwide distribution, with prevalences ranging up to 45% in countries in 

North America, South America, Europe, Asia, Australia and Africa (Batchelor et al., 2008; Bugg 

et al., 1999; Hackett and Lappin, 2003; Lallo and Bondan, 2006; Scorza and Lappin, 2012a; 

Shukla et al., 2006). Prevalence rates vary greatly depending on the study population and 

diagnostic techniques used. Few studies have genetically characterised the Cryptosporidium 

isolates from dogs and cats (Xiao and Fayer, 2008).   

Cryptosporidium spp. infections are transmitted by the faecal-oral route, and in the 

environment Cryptosporidium oocysts are highly resistant, persisting in wet cool conditions for 

six months or longer (Xiao and Fayer, 2008). They can also resist many common disinfectants 

(Gookin et al., 2002) although are susceptible to ultraviolet light. 

Pathogenesis and lifecycle 

Infection is acquired by ingesting sporulated oocysts from contaminated water or food 

sources, or by grooming oocysts from contaminated fur. Infection may also occur when dogs 

or cats ingest infected prey species (Scorza and Lappin, 2012a). The oocysts excyst in the 

gastrointestinal tract, releasing infective sporozoites that invade epithelial cells and occupy the 

area between the cell membrane and the cytoplasm. In this position the parasites undergo 

asexual and then sexual multiplication resulting in the development of male and female sexual 

stages. Upon fertilisation of the female by the male stage, an oocyst is formed. Some oocysts 
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auto-infect, but the majority are excreted as infective sporulated oocysts in faeces 

(Anonymous, 2010a; Xiao and Fayer, 2008). The prepatent period in dogs is between 2 to 14 

days, and patent periods in puppies last up to a month (Scorza and Lappin, 2012a).  

Cryptosporidium and Giardia spp. have very similar pathogenic mechanisms in humans, 

although the pathogenesis in dogs and cats has not been thoroughly investigated. In humans 

Cryptosporidium is highly infective with as few as 100 oocysts able to precipitate disease 

(Martins and Guerrant, 1995). Diarrhoea is thought to be caused by a combination of intestinal 

malabsorption of electrolytes and nutrients with hypersecretion of chloride ions and water. 

Malabsorption and maldigestion are caused by the loss of the epithelial brush border and 

microvillus shortening that is mediated by the host activated T lymphocytes. Tight junctions 

are also disrupted, increasing intestinal permeability (Gookin et al., 2002). 

Clinical presentation 

Infected dogs often do not show any clinical signs and host immunity is likely important in the 

development of infection and clinical illness. Younger and immunocompromised animals are 

thought to be at increased risk of developing clinical signs and co-infections with Giardia and 

other intestinal diseases (parvovirus, distemper, parasitism, lymphoma) may occur in clinically 

affected dogs (Scorza and Lappin, 2012a). When signs do occur, there is primarily small bowel 

diarrhoea accompanied by weight loss. There may be fresh blood in the diarrhoea, tenesmus 

and discomfort in chronic cases (Scorza and Lappin, 2012a).  

Diagnosis 

As there is a relatively high prevalence rate of infection in healthy dogs, the positive predictive 

value of all assays testing for Cryptosporidium spp. is fairly low. Shedding of the parasite can be 

intermittent and dogs generally only shed 1000 oocysts per gram faeces (Scorza and Lappin, 

2012a), therefore false negatives are possible when looking for the oocysts in faeces.  

Unconcentrated direct faecal smears can only detect Cryptosporidium spp. oocysts at a 

threshold of 106 oocysts per gram faeces, and so concentration techniques such as Sheather’s 

sugar floatation and ZSCT are required to increase sensitivity (Webster et al., 1996). However, 

because of the low levels shed by dogs, even concentration techniques are considered 

insensitive for detecting infection (Scorza and Lappin, 2012a).  

Direct IFA detection methods can be more sensitive and specific than cytologic staining 

techniques (e.g. with modified Ziehl-Neelsen acid-fast staining) and have the added benefit of 
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being easier for inexperienced laboratory personnel to interpret (Weber et al., 1991). However 

costs are higher than other staining techniques and a fluorescent microscope is required. In 

one human study the average detection limit using direct IFA was 5 x 104 oocysts per gram 

faeces, and the sensitivity of the IFA was 100% when compared to the ELISA (Weber et al., 

1991). However this test has not been completely validated in cats and dogs, and as dogs shed 

lower numbers of oocysts than humans, false negative results may be expected (Scorza and 

Lappin, 2012a).  

A faecal ELISA for the detection of Cryptosporidium spp. antigens has been developed for use 

in humans. But the sensitivity and specificity for use in dog faeces has not been determined. In 

general, human trials have shown the ELISA to have a lower specificity than direct IFA testing 

(Scorza and Lappin, 2012a).  

PCR testing has been widely described to detect Cryptosporidium spp. DNA from faeces and 

water supplies. Some studies suggest greater sensitivity of PCR compared with other 

techniques in both humans and animals, with oocysts detected in samples with very low 

oocyst numbers (Webster et al., 1996). In addition, PCR allows identification of the particular 

Cryptosporidium species present. However there are minimal standards between laboratories 

and levels of quality control can vary widely, and as with any highly sensitive test, a positive 

result does not necessarily mean that cryptosporidiosis is the cause of any diarrhoea. For this 

reason, routine screening by this method is not recommended for dogs with diarrhoea (Scorza 

and Lappin, 2012a).  

Histological evidence of infection from intestinal biopsies has been used in clinical cases to 

reach a diagnosis (Scorza and Lappin, 2012a). However, the costs and invasiveness of such a 

procedure preclude its use as a routine diagnostic or screening tool.  

Public health 

Cryptosporidiosis in humans was not recognised until 1976 (Martins and Guerrant, 1995). 

Initially it was well documented among veterinarians and animal workers, because many case 

reports described the transmission of Cryptosporidium spp. to farm workers and veterinary 

students. Following the acquired immune deficiency syndrome (AIDS) epidemic in the early 

1980s there was a dramatic increase in the number of reported human cryptosporidiosis cases 

(Scorza and Lappin, 2012a). Immunodeficient individuals and young children are most at risk of 

clinical disease; however immunocompetent adults can also have clinical disease (Martins and 

Guerrant, 1995).  
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In immunocompetent adults, signs can last from 2-26 days and may include a profuse watery 

diarrhoea, low grade fever, vomiting and abdominal discomfort. The disease tends to be self-

limiting. Infants and older adults may have a more chronic persistent diarrhoea and 

dehydration. In immunodeficient individuals, especially those with AIDS, the severity of 

cryptosporidiosis increases and diarrhoea becomes chronic, debilitating and potentially fatal 

(Martins and Guerrant, 1995).  

Transmission is by direct contact with infected humans or animals or by drinking contaminated 

water or food (Martins and Guerrant, 1995). C. parvum and Cryptosporidium hominis are the 

predominant species detected in human outbreaks (Xiao and Fayer, 2008), however C. canis 

has been detected in humans, albeit infrequently (Xiao et al., 2007). Several studies report the 

role of dogs and cats in the transmission of human cryptosporidiosis to be minimal, and 

contact with dogs and cats has not been shown to be a risk factor for the disease (Goh et al., 

2004; Scorza and Lappin, 2012a; Xiao and Fayer, 2008). However, immunocompromised 

individuals may be more at risk of contracting the disease from these animals and because 

there is no effective treatment for cryptosporidiosis, prevention and risk reduction is 

important, especially in this group.  

 

2.4   Ectoparasites: Ticks, fleas and lice 

Parasitic arthropods are efficient vectors of a large number of bacterial, rickettsial, viral and 

parasitic diseases affecting humans, dogs and other animals worldwide.  Worldwide, ticks have 

been shown to be competent vectors of many important diseases, such as ehrlichiosis, 

anaplasmosis, Lyme borreliosis, babesiosis, Rocky Mountain spotted fever, hepatozoonosis and 

cytauxzoonosis (Blagburn and Dryden, 2009; Dumler et al., 2001; Nadelman and Wormser, 

1998). Most of these diseases are only transmissible by certain tick species, and the range of 

the disease often mirrors that of the distribution of its tick vector.  

In recent years it has become apparent that the frequency of some vector-borne diseases is 

increasing and the range of these diseases is spreading.  This is evident both in Europe and the 

USA (Beugnet and Marie, 2009; Otranto et al., 2009b). Various factors have been attributed to 

the changing epidemiology: climate change can affect arthropod vector density, geographical 

distribution and vectoral capacity; increased transport by road, sea and plane of production 

animals provides ideal conditions for the circulation of pathogens and spread of vectors; 
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holiday travel to distant locations, and an increased propensity for owners to travel with their 

pets can result in diseases being spread to non-endemic regions (Blagburn and Dryden, 2009).  

Rhipicephalus sanguineus, is the only tick that has been reported as infesting dogs in Samoa in 

the literature (Martin, 1999), although the presence of other tick species cannot be ruled out. 

R. sanguineus is the vector of numerous important pathogens, including Ehrlichia canis, 

Babesia Canis, Anaplasma platys, Rickettsia coronii and Rickettsia rickettsii (Dantas-Torres, 

2008). It has also recently been investigated as a vector for Leishmania infantum, and although 

the tick can become infected with the organism by feeding off infected dogs, it has not yet 

been proven to transmit disease to naive dogs (Quinnell and Courtenay, 2009). Dogs are the 

primary host for R. sanguineus, and as a consequence, the tick is widely distributed in tropical 

and temperate regions, wherever dogs are found. R. sanguineus preferentially feeds on dogs in 

all three life stages (larvae, nymphs and adult), although immature life stages can be detected 

on rodents and other small mammals. Rarely adults can be found on other mammals such as 

humans and cats (Dantas-Torres, 2008). The adult tick feeds for 5-21 days after which mating 

occurs, then the female drops off and deposits up to 4000 eggs. The eggs hatch within 20-30 

days and the life cycle can be completed in as little as 63-91 days.  As with many hard ticks, 

unfed stages can persist in the environment unfed for prolonged periods; unfed larvae, 

nymphs and adults can survive for up to 8, 6 and 19 months respectively (Blagburn and 

Dryden, 2009).  

Other ectoparasites reported on dogs in Samoa are Ctenocephalides canis, Ctenocephalides  

felis and Trichodectes canis (Martin, 1999). The cat flea, C. felis, in particular, has been shown 

to be implicated in the transmission of canine pathogens Bartonella henselae and other 

Bartonella spp. as well as carrying certain species of cestode including Dipylidium caninum 

(Conboy, 2009). Flea infestations are common in dogs worldwide, in both tropical and 

temperate regions, and fleas regularly appear in large numbers causing a nuisance to the 

animal. As well as potentially transmitting disease, fleas themselves commonly cause flea 

allergic dermatitis and in heavy infestations, especially in young puppies, can result in iron 

deficiency anaemia or even death in some cases (Blagburn and Dryden, 2009).  
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2.5   Vector-borne diseases 

2.5.1 Dirofilaria immitis: Canine heartworm 

Aetiology 

Dirofilaria immitis, the causative agent of heartworm infection and disease in dogs, is a 

nematode of the Onchocercidae family and is transmitted by mosquitoes. More than 60 

species of mosquito worldwide are known to become infected with the larvae and transmit 

infection (Bowman and Atkins, 2009). The definitive hosts are dogs and wild canids, although a 

wide variety of other animals can become infected, including cats, horses and humans 

(Bowman and Atkins, 2009; Nelson, 2012).  

Epidemiology 

D. immitis is widely distributed throughout the world and is well recognised in temperate and 

tropical areas. The first report of canine heartworm dates back to 1626, in hunting dogs from 

the Po river valley in northern Italy, as observed by Birago (Nelson, 2012).  

Transmission of the disease requires a reservoir of microfilaraemic dogs or wild canine hosts, 

suitable mosquitoes and a climate that allows incubation and development within the 

mosquito (Genchi et al., 2009). Prediction models can be applied using the ‘heartworm 

development unit’ (HDU), of which one unit is 24 hours at 1⁰C over the threshold temperature 

of 14⁰C at which development stops. Development of D. immitis from L1 to L3 in the mosquito 

require 130 HDUs (Genchi et al., 2009) i.e. development at a constant 24⁰C (10 HDUs) would 

take 13 days. This is well within the mosquito’s life expectancy of 30 days.  

Canine heartworm is considered endemic in North America, much of South and Central 

America, Southern Europe, and increasingly parts of Northern Europe, many parts of Asia, 

Africa and Australia (Carlisle and Atwell, 1984; Genchi et al., 2011b; Labarthe and Guerrero, 

2005; Nelson, 2012; Tzipory et al., 2010). The majority of published data are from Western 

Europe and North America where awareness of the disease is high, and as a result, prophylaxis 

is common. In poorer countries awareness of the disease in dogs may be increasing, but 

monthly prophylaxis is often financially prohibitive for pet owners (Labarthe and Guerrero, 

2005).  
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Heartworm is considered endemic in all 50 states of the United States, with an overall 1.4% of 

dogs testing positive for heartworm antigen. The prevalence is highest in south-eastern states 

(3.9%) where the climate is optimal for parasite development (Bowman et al., 2009). 

Awareness is generally high, especially in the Southeast, and prophylaxis widespread.  

However, the geographical range of canine heartworm in North America has expanded since 

the 1950’s, when there were considered to be only a few hyperendemic hotspots such as 

Mississippi river area. This is thought to be due to an increased movement of dogs across the 

country and an increased awareness of the disease (Bowman and Atkins, 2009). In Europe, the 

geographical range of D. immitis is also increasing. As well as increased dog movement and 

increased veterinary awareness, climate change is thought to have played a role (Genchi et al., 

2011a; Genchi et al., 2011b). Traditionally heartworm endemic areas were in southern Europe, 

especially the Mediterranean regions. However increasingly autochthonous infections are 

being seen in northern and eastern Europe, in countries and areas where the disease has not 

been considered endemic in the past such as Germany (Pantchev et al., 2009) and parts of Italy 

(Otranto et al., 2009a). In addition, human dirofilariasis is starting to become known as an 

emerging zoonosis in these regions where it has not previously been recognised (Genchi et al., 

2009; Kartashev et al., 2011). 

D. immitis is also known to be present in much of coastal Africa (Nelson, 2012), although 

published data to confirm this are scarce. Excepting a recent study showing an overall 

prevalence of  24% in Algeria, epidemiological status remains largely unknown in Africa 

(Meriem-Hind and Mohamed, 2009). D. immitis is considered exotic in South Africa (Verster et 

al., 1991). In South America canine heartworm disease is well documented in Brazil, Argentina, 

Colombia and Mexico (Labarthe and Guerrero, 2005). The disease is also recognised through 

many parts of Asia, and very well studied and documented in Japan (Genchi et al., 2001). 

In the Pacific area, D. immitis is considered exotic in New Zealand (McKenna, 2009) although 

there are known to be mosquito species abundant in New Zealand, especially the North Island, 

that are capable vectors of D. immitis (Derraik and Slaney, 2005). With a climate suitable for 

development of the parasite in mosquitoes, only strict importation requirements for foreign 

dogs prevent endemic infestation (McSporran, 1994) and the disease has been diagnosed in 

imported dogs in the past even with strict regulations in place (Thompson, 1998a). In Australia, 

canine heartworm has long been recognised and cases are seen throughout most of the 

country (Carlisle and Atwell, 1984). A study conducted over 1982 to 1984 in Papua New Guinea 

detected that 86% of dogs were infected with heartworm on post mortem examination (Hamir 



29 

 

and Onaga, 1986). In New Caledonia, a South Pacific island with a slightly cooler climate than 

Samoa, 22.4% of 49 stray dogs tested positive for D. immitis antigen (Watier-Grillot et al., 

2011) and in Hawaii in 1966 prevalence of canine heartworm was estimated at 32% in a survey 

of 666 dogs (Gubler, 1966). Surveys to evaluate the prevalence of D. immitis elsewhere in the 

Pacific Islands are limited, but where it has been looked for the parasite has been found, and 

prediction models based on the climate would support the presence of the disease.  

There are no published data on canine heartworm in Samoa, but the disease is known to be 

endemic. D. immitis infections of two Aedes species of mosquito in Samoa were observed from 

1978 to 1980 as part of a study into lymphatic filariasis in people caused by the parasitic 

nematode Wuchereria bancrofti (Samarawickrema et al., 1992). More recently, the prevalence 

of D. immitis infection in Aedes spp. mosquito populations in neighbouring American Samoa 

were 1.06% and 1.77% by dissection and PCR respectively (Chambers et al., 2009).  

Anecdotally, clinical cases of canine heartworm have been seen by veterinarians at the APS but 

the prevalence in the canine population is unknown.  

Life cycle and Pathogenesis 

Microfilariae (or stage L1 larvae) circulate in the peripheral blood of the definitive host and are 

taken up by the female mosquito during a blood meal (Figure 2.7).  The larvae subsequently 

develop to the infective L3 stage in the mosquito, usually within 8 -17days. The moults from L1 

to L3 are temperature dependant and will take longer in cooler temperatures (Bowman and 

Atkins, 2009). In cooler climates, the lifespan of the mosquito (estimated at 30 days) may not 

be long enough to complete this stage (Genchi et al., 2011b). The infective L3 stage is 

introduced to the host by the mosquito during another blood meal. The larvae undergo a 

further two moults to L4 and adult in the definitive canine host before the adult worms 

migrate to the heart and lungs to mature and mate, preferably in the pulmonary arteries. 

Adult female worms can reach up to 30cm in length, can live up to 5 -7 years and are capable 

of producing microfilariae for their entire life. The pre-patent period is a minimum of  about 

180 days, typically taking 6-7 months after infection for the host to become microfilaraemic 

(Atkins, 2005; Bowman and Atkins, 2009). 

Heartworm is a misnomer, as the adult worms preferably reside in the pulmonary arteries, not 

the heart, and the clinical signs of heartworm disease are primarily due to damage to these 

vessels and the lungs. Physical obstruction of the arteries by the worms does not tend to be 

the problem so much as the worm induced inflammation and fibrosis of pulmonary arteries 
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and resulting pulmonary hypertension. Right sided heart failure may be the outcome of 

prolonged pulmonary hypertension and increased afterload. Dead worms may also cause 

thromboemboli resulting in obstruction of pulmonary vessels and an even more severe 

inflammatory reaction causing vasoconstriction, thrombosis and granulomatous reactions 

(Bowman and Atkins, 2009).  

Glomerulonephritis resulting in proteinuria is a common complication of heartworm disease 

due to the antigen antibody complexes formed in response to infection (Bowman and Atkins, 

2009) and aberrant migration to the muscle, brain, spinal cord and eye have also been 

recorded (Bowman and Atkins, 2009; Carastro et al., 1992; Cooley et al., 1987; Shires et al., 

1982).   

Severe burdens may result in retrograde migration of the worms from pulmonary arteries to 

the heart, with worms residing in the right ventricle, right atrium and even the vena cava. In 

these cases, heart valve function may be seriously compromised by the presence of worms 

and heartworm caval syndrome may result. This is a severe complication with a poor prognosis 

(Bove et al., 2010). 

 

Figure 2.7: Life cycle of Dirofilaria immitis (adapted from www.cdc.gov)   

http://www.cdc.gov/
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Clinical Presentation 

Clinical signs of heartworm disease depend on the duration and severity of infection and the 

majority of cases in dogs are subclinical, especially if the dog is sedentary. Clinical signs 

develop gradually, with a cough often being the only sign of mild disease. Moderate to 

severely affected dogs may also show signs of weight loss, exercise intolerance, lethargy and 

poor condition. In severe cases, as the disease progresses and pulmonary pathology worsens, 

signs of right sided heart failure secondary to pulmonary hypertension may develop. At any 

stage of the disease, exercise results in an exacerbation of clinical signs (Atkins, 2005; Nelson, 

2012).  Caval syndrome, a potentially lethal manifestation of heartworm disease, results in 

sudden onset of lethargy and weakness as the heart valves become severely compromised 

(Nelson, 2012). Table 2.3 describes the four classes of heartworm disease and their associated 

clinical signs.  

 

Table 2.3. Summary of clinical signs of canine heartworm disease, by Nelson, 2012  

Early infection Class 1 No signs 

Mild disease Class 1 Cough 

Moderate disease Class 2 Cough, exercise intolerance, abnormal lung sounds 

Severe disease Class 3 Cough, exercise intolerance, dyspnoea, abnormal heart and 

lung sounds, hepatomegaly, syncope, ascites and death 

Caval syndrome Class 4 Sudden onset severe lethargy and weakness accompanied 

by haemoglobinaemia and haemoglobinurina  

 

Diagnosis: 

Traditionally, the diagnosis and surveillance of canine heartworm disease has relied upon 

microfilarial testing. Three main techniques have been described: 1. examination by light 

microscopy of a direct blood smear for microfilariae, 2. modified Knott’s test, which involves 

looking for microfilariae in the layer above the buffy coat of a microhaematocrit tube, and 3. 

examination of microfilariae after millipore filtration. The latter two techniques are most 
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useful as they have the added benefit of concentrating the microfilariae and therefore 

increasing the chances of detection. However none of these techniques can rule out 

heartworm as amicrofilaraemic infections occur in as many as 5-67% of dogs (and typically 10-

20%) (Atkins, 2005).  

In recent years microfilarial testing has been largely supplanted by the use of heartworm 

antigen testing e.g. by ELISA. There are many commercial test kits on the market which are 

popular due to high sensitivity and specificity and their relative ease and speed of use. In a 

comparison of three heartworm antigen test kits, in dogs with low adult worm burden (< 4 

worms present), specificity of all three tests was 97%, and sensitivity ranged from 78-84%. 

However with a burden of only one female adult worm, sensitivity was lower; as low as 58% in 

one test. Sensitivity in all three tests increased with worm burden, and the IDEXX Snap 

Heartworm RT test (IDEXX Laboratories, Westbrook, ME) performed best overall (Atkins, 2003). 

Canine heartworm disease has a long prepatent period, and the earliest antigen can be 

detected is 5 months post infection, and in some dogs it may be as long as 7 months. For this 

reason dogs under the age of 7 months old should not be tested with either microfilariae or 

antigen tests (Nelson, 2012).  

Recently, PCR assays have been developed for molecular identification of Dirofilaria species.  

As with other PCR assays, these are highly sensitive and specific, even at very low 

microfilaraemic levels. Currently the main application of PCR is to differentiate D. immitis from 

Dirofilaria repens, a subcutaneous parasite, in microfilaraemic dogs in co-endemic regions. It 

can also be used to confirm D. repens infection, as currently there is no commercially available 

serological antigen test by which this can be done, and morphological identification is 

technically difficult (Gioia et al., 2010).  

Human dirofilariasis and public health 

The first case of human dirofilariasis was reported as early as 1887, when adult worms were 

found in the left ventricle of a boy in Brazil (Miyoshi et al., 2006). Pulmonary dirofilariasis was 

first reported in the USA in 1941 (Lee et al., 2010a) and in Japan in 1970 (Miyoshi et al., 2006).  

D. immitis, along with D. repens, is one of the two main causative agents of zoonotic 

dirofilariasis. There are two main forms of human dirofilariasis; a pulmonary form, usually 

caused by D. immitis, and a subcutaneous and ocular form, usually caused by D. repens. The 

mosquito vectors for D. immitis feed indiscriminately on dogs and other animal hosts, as well 

as humans. Therefore the infective L3 can be spread to humans by a mosquito bite in the same 
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way the definitive hosts are infected. In humans, larvae are usually removed by the immune 

system, but where this fails the larva follows a similar path to that in the dog, and comes to 

rest in the pulmonary arteries. The nematode is almost always unable to develop to maturity 

and it is therefore usually a pre-adult worm that is responsible for lesions. In the pulmonary 

form, the parasite forms an embolus where it lodges and, subsequently, forms a pulmonary 

granuloma. These are usually solitary nodular pulmonary lesions in humans (radiographically 

known also as coin lesions), though multiple nodular lesions have been reported (Simon et al., 

2005). As the adults cannot reach sexual maturity, humans do not become microfilaraemic. 

Affected humans are usually free of any symptoms and pulmonary dirofilariasis is most 

commonly detected accidentally by thoracic radiography carried out for another reason. When 

symptoms do occur they include cough, chest pain, fever, haemoptysis and pleural effusion 

(Miyoshi et al., 2006).  

Nodular pulmonary lesions detected by radiology, both single and multiple, raise the suspicion 

of malignant tumours, tuberculosis, fungal infections and other serious diseases and may 

initiate an invasive and expensive diagnostic work up to reach a definitive diagnosis, as 

traditionally diagnosis could only be made by biopsy and histopathology, often requiring a 

thoracotomy (Theis, 2005). There is currently no non-invasive diagnostic test for D. immitis 

infection in humans; however, recently, serological testing for human heartworm has been 

used as an aide to diagnosis. Infected humans tend to mount a huge antibody response to 

infections involving very few worms, and this response can be easily detected serologically. 

However this test has low specificity resulting in a high proportion of false positives and no 

serologic test is currently available commercially. Serology results must be interpreted with 

historical information such as living in or travel to an area endemic for heartworm and 

radiological features indicative of the disease. In this way it is possible for a diagnosis to be 

made without biopsy. When pulmonary dirofilariasis is diagnosed the recommended course of 

action is to “wait and see” as in humans the disease is fairly benign and lesions do not progress 

(Simon et al., 2005).  

New cases of human dirofilariasis are being reported in the literature with increasing 

frequency. Retrospective reviews of cases indicate that around 300 cases of pulmonary and 

800 cases of subcutaneous and ocular dirofilariasis have been reported to date (Simon et al., 

2009). This may be in part due to increasing interest in and awareness of the disease and the 

higher rates of subcutaneous and ocular disease reported may simply be because this is a 

more visible form and is noticed by the patient. However, an increase may in part be due to an 
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increase in travel to endemic areas, or due to the spread of animal dirofilariasis into areas 

previously considered non endemic (Lee et al., 2010a; Otranto et al., 2009a). The majority of 

reported cases of human pulmonary dirofilariasis from D. immitis are from the United States, 

Japan and Australia, where interest and awareness of the disease has been highest, however a 

total of 15 countries have reported cases (Simon et al., 2005). Human Dirofilaria infections in 

the Old World are much more commonly due to D. repens (Pampiglione et al., 2009). 

Studies suggest that the actual prevalence of human pulmonary dirofilariasis may in fact be 

much higher than previously thought, given the difficulty with diagnosis. In an endemic area of 

western Spain, D. immitis infection in dogs is estimated at 33%, and in humans in the same 

area seroprevalence was 21%.  A follow up study examining chest radiographs of 50,000 

people from the same population found 8 cases of human dirofilariasis, suggesting the disease 

is under diagnosed (Muro et al., 1999; Simon et al., 2005). In Grand Canaria, a recent study 

showed that the seroprevalence of D. immitis in humans is directly related to infection rates 

dogs in regions with differing prevalence  i.e. the higher the infection rate in dogs, the higher 

the seroprevalence in humans (Montoya-Alonso et al., 2011). In the same study, 

seroprevalence was significantly highest in the oldest age group (>60 years) and there were no 

antibodies against D. immitis detected in people under 20 years old. This suggests that in areas 

where D. immitis is considered endemic, especially where there is a lack of preventative 

measures in the dog population and prevalence is high, local inhabitants and visitors are at an 

increased risk of this disease, especially the middle aged to older section of the population.  

To the authors’ knowledge there is no information available on human dirofilariasis in Samoa 

or other Pacific Islands. However human cases have been reported in Australia and it can be 

expected that Samoa would have a similar incidence to that of countries with similar levels of 

canine heartworm infection and with a similar climate.  

 

2.5.2 Ehrlichia canis 

Aetiology 

Ehrlichia canis is a tick borne obligate intracellular parasite that infects the monocytes of dogs 

(Dumler et al., 2001) and is the cause of canine monocyotropic ehrlichiosis (CME), previously 

known as canine tropical pancytopaenia (Dumler et al., 2001; Huxsoll, 1976). It is a small 

pleomorphic gram negative coccoid bacterium classified in the order Anaplasmataceae 
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(Dumler et al., 2001). The Ehrlichia organisms of most importance in dogs are E. canis, Ehrlichia 

chaffeensis, and Ehrlichia ewingii (Beall et al., 2012). However, because of its worldwide 

distribution and because it causes most severe clinical disease in dogs, E. canis can be 

considered the most important member of this group for canines (Neer et al., 2002). 

Epidemiology 

E. canis was first identified in 1935 in Algeria and was the first Ehrlichia species found to infect 

dogs (Donatien and Lestoquard, 1937). Nowadays it is widely recognised, and has been shown 

to be present in most temperate and tropical regions of the world, as has the primary vector 

Rhipicephalus sanguineus (Dumler et al., 2001; Groves et al., 1975). E. canis is now considered 

enzootic throughout Africa with prevalence studies in various countries  demonstrating 

seroprevalence rates in dogs as high as 67.8% (Davoust et al., 2006; Kelly et al., 2004; M'Ghirbi 

et al., 2009; Ndip et al., 2007).  

A large scale prevalence study of E. canis in domestic dogs in the USA showed evidence of 

exposure to the disease in almost all states. The highest regional rates were in the south-

eastern states, where 1.3% of dogs were seropositive. Other regions were lower (0.3-0.6%), 

but included some foci of infection where seroprevalence ranged from 2-11%. This study used 

a commercial ELISA kit (Snap 4Dx, IDEXX Laboratories, Westbrook, ME) (Bowman et al., 2009). 

There is serological and molecular evidence from many South and Central American countries 

to suggest E. canis is also enzootic throughout this continent (Gutierrez et al., 2008; Lopez et 

al., 1999; Ramos et al., 2010; Scorza et al., 2011; Vargas-Hernandez et al., 2012; Vinasco et al., 

2007).  

Ehrlichiosis in dogs is also well recognised in southern Europe, with studies in Italy and Spain 

showing seroprevalences as high as 50% (Amusategui et al., 2008; Trotta et al., 2009).  In the 

last ten years there have been increasing reports from some northern European countries of 

dogs with disease or positive antibody titres (Hamel et al., 2011; Hirsch and Pantchev, 2008). 

This may be due to an increase in animal movement across Europe and the geographical 

extension of R. sanguineus all over continental Europe (Beugnet and Marie, 2009). The United 

Kingdom is considered free of E. canis and the vector R. sanguineus is not endemic, however 

cases are being increasingly diagnosed in travelling dogs. Relaxation of quarantine regulations 

has seen increased movement of pets between the UK and many other countries. This brings 

the risk of importation of the tick vector and with it diseases exotic to the UK such as E. canis 

(Bates, 2008; Jameson and Medlock, 2011). Due to the long incubation period of E. canis and 
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potential silent carriers in the subclinical stage, it would be possible for disease to be picked up 

in one area and detected in another area months to years after exposure (Harrus et al., 

1998b). 

As in the UK, E. canis and R. sanguineus are considered exotic to New Zealand. Strict 

quarantine measures for dogs coming into the country, including checks for ticks and serology 

for E. canis with IFA test, have prevented the arrival of the disease in this country. However, R. 

sanguineus is intermittently intercepted at these checks and there is a concern that the tick 

could become established in the north of New Zealand or survive in heated houses (Bingham, 

2010a; Hill, 1999; Stone, 2005). Australia appears to be free of E. canis, despite having R. 

sanguineus commonly found in the tropical north. Stringent quarantine measures and IFA 

testing of all imported dogs (except those from the UK or New Zealand) help to keep this 

status, despite the disease being endemic throughout Southeast Asia (Irwin, 2001; Masona et 

al., 2001).  

A study into animal health in Samoa conducted in 1997 tested ten dogs for E. canis (by IFA 

test). Six of these dogs tested positive and the vector, R. sanguineus, was proven to be present 

in Samoa (Martin, 1999). Elsewhere in the pacific there is little or no evidence for the presence 

of the pathogen, although this may be due to lack of surveillance. Since 1980, Ministry of 

Agriculture surveillance has intercepted R. sanguineus in New Zealand entering from Vanuatu, 

Fiji, New Caledonia, the Solomon Islands, Hawaii and Papua New Guinea (Bingham, 2010b, 

2012; Fairley and Heath, 1997), suggesting that the tick vector is widespread in the Pacific 

Islands. Dogs undergoing the importation procedure from Vanuatu have also tested positive 

for E. canis antibodies using an IFA, although this may be explained by cross reactivity with 

other Ehrlichia species (Kittelberger, 2012). There was no clinical disease noted in the dogs 

with positive titres, however subclinical disease was not ruled out (Kittelberger, 2012).  

Pathogenesis and lifecycle 

The vector of E. canis is R.  sanguineus, the brown dog tick, and transmission is transstadial i.e. 

the ticks become infected during the larval or nymphal stages by feeding on an infected dog 

with circulating rickettsiae (Groves et al., 1975). Transmission is completed when the tick, at a 

later time, injects saliva containing the organism into a non-infected animal while taking a 

blood meal. Transmission does not occur transovarially and it is chronically infected dogs that 

are considered to be the main reservoir of E. canis, not the ticks (Groves et al., 1975). Once 

infected, transmission of the disease to dogs can occur at any stage of a tick’s life cycle, for as 

long as 155 days after infection. In temperate climates, this allows overwintering of affected 
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ticks resulting in infection of susceptible dogs in the spring (Lewis et al., 1977). Iatrogenic 

infection is also possible during blood transfusion with an infected donor (Harrus et al., 1998b). 

Natural infection of E. canis has an incubation period of 8-20 days, followed by an acute stage 

lasting 2-4 weeks (Harrus et al., 1998b).  In this time the organisms are phagocytosed by 

macrophages and multiply within these cells in morulae which may be seen as inclusions 

within affected cells. Each morula grows in size as the organisms multiply until it fuses with the 

outer membrane of the infected cell and the rickettsial contents are released into circulation. 

These are then phagocytosed by more monocytes. Infected mononuclear cells travel 

throughout the body spreading infection to the spleen, liver, lymph nodes and the vascular 

endothelium. (Woody and Hoskins, 1991).   

If treated appropriately at the acute stage, most dogs recover completely (Neer et al., 2002). 

Left untreated, dogs may then enter a  subclinical stage, where the dog seems clinically 

healthy, but there can be a persistence of the organism in mononuclear cells throughout the 

body for months to years, especially in the spleen which seems to be the last organ to harbour 

infection before elimination (Harrus et al., 1998b). Seroconversion does not offer protection 

from reinfection or permanent immunity and re-infection is in fact likely in endemic areas with 

a high tick density and disease prevalence (Neer et al., 2002). At the subclinical stage, CME can 

go one of three ways. Immunocompetent animals may successfully eliminate the rickettsiae 

and undergo a full recovery. Others may either remain persistent carriers or enter the chronic 

stage of disease (Harrus et al., 1998b).   

Not all dogs go on to develop the chronic phase however, and the reasons for development of 

this stage remain unclear. Some breeds, such as German shepherd dogs seem to be 

particularly prone to progressing to a severe chronic CME with high probability of death. In 

German shepherd dogs this is thought to be due to a depressed cellular immune response 

when compared with beagles (Nyindo et al., 1980).  

Hyperimmune mechanisms are thought to play a role in the pathogenesis of CME. These 

include extensive plasma cell infiltration of bone marrow and parenchymal organs; polyclonal 

hypergammaglobulinaemia in excess of that which can be explained by E. canis antibodies 

alone; positive Coomb’s tests; antiplatelet antibody production; and the presence of 

circulating immune complexes (Harrus et al., 2001; Harrus et al., 1999).  

Evasion of the host immune system allows the organism to persist within host cells. Constant 

alteration of the organism’s surface antigens and the expression of different protein variants 
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help it to evade recognition. Immune evasion may also be achieved by down regulation of 

major histocompatibility complex class II receptor which in turn impairs host immune functions 

(Harrus et al., 2003; Mavromatis et al., 2006).  

Clinical presentation 

E. canis infection in dogs can be acute, chronic or subclinical.  Clinical signs reflect the organs 

affected and are multisystemic.  

In the acute stage of disease common clinical signs include fever, anorexia, depression, and 

haemorrhagic tendencies. Bleeding as a result of thrombocytopaenia may occur in acute 

disease and presents commonly as petechiae, ecchymoses and epistaxis (Woody and Hoskins, 

1991).  Ocular signs, such as hyphaema, anterior uveitis, and retinal detachment and 

haemorrhage, may be seen in CME (Harrus et al., 1998a; Komnenou et al., 2007), and 

meningitis or meningeal bleeding may result in a whole range of neuromuscular signs from 

seizures and stupor, to vestibular disease and anisocoria (Maretzki et al., 1994; Meinkoth et 

al., 1989). Opportunistic secondary infections may also occur as a result of 

immunosuppression. On physical examination, lymphadenopathy and splenomegaly may be 

found in 20% and 25% of patients respectively (Woody and Hoskins, 1991). Co-infections with 

Babesia canis vogeli and Hepatozoon canis may also occur as these diseases are transmitted by 

the same vector (Ramos et al., 2010). A moderate to severe thrombocytopaenia, with 

megathrombocytosis, is typically found, as is a mild anaemia and leukopaenia (Neer et al., 

2002; Woody and Hoskins, 1991).  

Dogs which receive no or insufficient treatment may then enter the subclinical phase. In this 

phase, dogs remain clinically healthy, although a mild thrombocytopaenia, with concomitant 

increase in platelet size, is usually present. These dogs will also have persistently high antibody 

titres to E. canis (Waner et al., 1997).  

The chronic form of CME is characterised by severe pancytopaenia, occurring as a result of 

bone marrow hypoplasia. Clinical signs again are multisystemic and are similar to the acute 

stage. Death may then occur due to haemorrhage or secondary infections (Harrus et al., 2012).  

Diagnosis 

The diagnosis of CME is usually based upon suggestive history, physical examination and 

haematologic abnormalities, coupled with serological findings. PCR is now also available for 
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diagnosis in a clinical setting (Harrus et al., 2012; Neer et al., 2002). Demonstration of morulae 

within monocytes from blood smears or tissue aspirates can be used to diagnose CME, 

however they can be difficult and time consuming to find (Harrus et al., 2012; Mylonakis et al., 

2003).  

Serology is a commonly used diagnostic tool. As with other Ehrlichia species, positive 

serological findings only indicate exposure to E. canis. Experimental infection with E. canis 

results in the development of IgM and IgA antibodies within about 4-7 days, with IgG 

antibodies generally appearing by 15 days post-infection (Waner et al., 2001) although in some 

dogs this can take as long as 28 days, by which time clinical signs of diseases are already 

apparent (Neer et al., 2002). It is these IgG antibodies that are detected in most serology tests 

available. In untreated dogs, serum antibodies peak at 3-5 months post infection before 

starting to fall again, however in some dogs  serum antibodies may remain elevated for as long 

as three years or even life in some cases (Bartsch and Greene, 1996; Harrus et al., 1998b; 

Perille and Matus, 1991).  

IFA test is considered the gold standard in serological testing for E. canis. An IFA test, usually 

carried out at a commercial laboratory, gives a quantitative antibody titre. Titres at or above 

1:80 can be considered positive (Neer et al., 2002), and it is a very sensitive test when titres 

are greater than 1:160 (O'Connor et al., 2006). However, there is variable cross-reactivity 

between E. canis and Neorickettsia risticii, Anaplasma platys, Anaplasma phagocytophilum and 

granulocytic Ehrlichia spp such as E. ewingii and E. chaffeensis (Neer et al., 2002; O'Connor et 

al., 2006; Suksawat et al., 2000). Some low positives (1:40 or 1:80) may therefore be false due 

to cross reactivity with antibodies to these and other less pathogenic rickettsiae (O'Connor et 

al., 2006). For acutely ill dogs where clinical suspicion of disease is high but IFA titres are low or 

negative, it is recommended that serology is retested in 2-3 weeks in case the dog has not yet 

seroconverted (Neer et al., 2002). In addition, the E. canis IFA test is not standardised between 

commercial laboratories, therefore variation in technique and result in significant variations 

between laboratories (O'Connor et al., 2006).  

Commercial ELISA tests are available as easy to use point of care kits.  The E. canis part of the 

SNAP 4Dx (IDEXX Laboratories, Westbrook, ME) test is calibrated to be positive at titres  

greater than 1:160 (Harrus et al., 2012) so at lower titres is less sensitive than IFA. It uses 

synthetic peptides that duplicate immunodominant regions of E. canis surface proteins 

(O'Connor et al., 2006). When compared with IFA, the SNAP 4Dx test has a sensitivity of 96.2% 

and specificity of 100% (Chandrashekar et al., 2010), however as with the IFA, cross reactivity 
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of the analyte with E. chaffeensis and E. ewingii is known to occur and may result in false 

positives (O'Connor et al., 2006).  

Western immunoblotting (WB) and PCR can be used to help distinguish between infections 

where cross reactivity is a possibility. Both can be used to detect E .canis antigen, and WB can 

be used to detect E. canis antibody as well (Neer et al., 2002). Both can be useful in 

distinguishing between infections with E. canis , E. ewingii and E. chaffeensis which can all 

show as positive on IFA test (Harrus et al., 2012; Neer et al., 2002).  In addition, PCR has been 

shown to be a sensitive method for detecting early disease in experimental infection, often 

within 4-10 days post infection, before seroconversion has occurred, although this has not 

been shown in naturally infected animals (McBride et al., 1996). However, some studies have 

shown PCR to have poor correlation with IFA test results. This may indicate insensitivity of PCR 

or because of clearance of the organism following exposure (Seaman et al., 2004; Suksawat et 

al., 2000).  There seems to be good correlation between E. canis antibodies detected by IFA, 

ELISA and WB at high titres greater than 1:320, but poor correlation at lower titres (1:80-

1:160) (O'Connor et al., 2006).  

Public health 

During the late 1980’s E. canis came under scrutiny for its purported ability to infect people 

However in 1991 E. chaffeensis was discovered as a new member of the Ehrlichia group and 

that which is responsible for human monocytic ehrlichiosis. Its distribution is restricted to the 

United States (Anderson et al., 1991) and dogs act as a reservoir for disease in humans in 

endemic areas (Neer et al., 2002).   

In 1991 a new variant or subspecies of  E. canis was isolated from a human, the cause of 

Venezuelan human ehrlichiosis (Perez et al., 1996), but to date equivalent reports from 

elsewhere in the world have not been described. Today, E. canis is considered of little zoonotic 

importance worldwide (Harrus et al., 2012; Neer et al., 2002).  

 

2.5.3 Anaplasma phagocytophilum 

Aetiology 

Anaplasma phagocytophilum, previously categorised as Ehrlichia phagocytophila and Ehrlichia 

equi, is an obligate intracellular bacteria which infects mammalian neutrophils. It is the 
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causative agent of canine granulocytotrophic anaplasmosis (CGA) and human granulocytic 

anaplasmosis (HGA). Rickettsiae of the family Anaplasmataceae are gram-negative, non-

motile, pleomorphic organisms and are obligate anaerobes. All species in the genus Anaplasma 

reside within vacuoles present in haematopoietic cells of mammalian hosts, and their vectors 

are arthropods (Dumler et al., 2001).  

Epidemiology 

The organism was first described as a veterinary pathogen after its identification in leukocytes 

of sheep in Scotland in the 1930’s (Gordon et al., 1932). Since then the organism has been 

shown to be endemic in parts of North America, North Africa, Europe and Asia, and in endemic 

areas seroprevalence can be quite high (Bowman et al., 2009; Cao et al., 2000; Diniz and 

Breitschwerdt, 2012; Jiang et al., 2011; M'Ghirbi et al., 2009; Pusterla et al., 1998; Ravnik et al., 

2009). The vector for A. phagocytophilum is Ixodes ticks, and as such the geographic 

distribution of the disease is determined by the range of these ticks (Figure 2.8) (Swanson et 

al., 2006; Telford et al., 1996). In Asia and Russia Dermacentor silvarum is also a vector (Jiang 

et al., 2011).  

 

 

Figure 2.8: Approximate worldwide geographic distribution of four Ixodes spp. tick vectors of 

Anaplasma phagocytophilum and their overlapping regions (Art by Thel Melton © 2010 

University of Georgia Research Foundation) (Diniz and Breitschwerdt, 2012) 
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A. phagocytophilum can infect a wide range of mammalian hosts, however clinical illness has 

only been documented in dogs, horses, cattle, cats, humans and some ruminants. A significant 

number of rodents and deer are implicated as natural reservoirs (Diniz and Breitschwerdt, 

2012; Telford et al., 1996), and migratory birds may play an important role in the geographic 

distribution and spread of infected ticks (Bjoersdorff et al., 2001). Wildlife hosts are regarded 

as the primary reservoir, whereas dogs and humans are considered to be accidental hosts, as 

bacteraemia in these species is only short-lived (Bakken and Dumler, 2008; Carrade et al., 

2009). 

In the Unites States, A. phagocytophilum infection predominates in western, mid-western and 

north-eastern states (Bowman et al., 2009). Seroprevalence studies in the USA have ranged 

from 1.1% to 67.4%, though inclusion criteria, such as whether dogs were sick or healthy, 

make the studies difficult to compare (Beall et al., 2008; Bowman et al., 2009; Diniz and 

Breitschwerdt, 2012). A large scale survey showed an overall prevalence of 4.8% (Bowman et 

al., 2009). Canada appears to have very low seroprevalence, with a recent large scale survey 

detecting an overall seroprevalence of 0.19% (Diniz and Breitschwerdt, 2012). A. 

phagocytophilum has not yet been found in wild or domestic animals in South America.  

In Europe, A. phagocytophilum has been recognised in many countries, and as in North 

America, prevalence studies vary greatly, with seroprevalence ranging from 1.2% to 70.5% 

(Diniz and Breitschwerdt, 2012; Pusterla et al., 1998; Ravnik et al., 2009). The higher 

prevalences are from studies sampling from a sick dog population.  

A recent study showed evidence of A. phagocytophilum infection in dogs in Tunisia (M'Ghirbi 

et al., 2009), but other than this there are no reports of infection in Africa.  The organism has 

been detected in ticks from Russia and China, but to date there are no epidemiologic studies in 

dogs in these countries (Cao et al., 2000; Jiang et al., 2011).  

A limitation of seroprevalence studies is that antibodies to A. phagocytophilum cross react 

with those of Anaplasma platys (Bowman et al., 2009), so seropositivity may not necessarily 

reflect previous exposure to A. phagocytophilum. Whereas A. phagocytophilum infection 

seems to predominate in the Northern Hemisphere, A. platys seems to be the prevalent 

species in the dog population in South America (Abarca et al., 2007; Santos et al., 2009), Africa 

(Sanogo et al., 2003), Asia (Inokuma et al., 2002; Pinyoowong et al., 2008) and the Pacific 

region (Brown et al., 2001). To date, no cases of A. phagocytophilum have been reported in the 

Asia-Pacific region.  
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Pathogenesis and lifecycle 

Infection is introduced to the host mammal while an infected tick feeds. Transmission between 

ticks is transstadial and as Ixodes spp. are three host ticks, feeding once at each life-stage, only 

nymphs and adults are potentially carriers (Macleod and Gordon, 1933; Ogden et al., 2007). 

Seasonality of infection is determined by the feeding habits of the tick vectors in endemic 

areas (Ogden et al., 2007). A minimum feeding time of 24 to 48 hours is required for 

transmission to occur (Katavolos et al., 1998). As the vector is Ixodes ticks, coinfection with 

Borrelia burgdorferi is common (Jaderlund et al., 2007; Swanson et al., 2006). Disease 

incubation is usually 1 to 2 weeks from first exposure (Carrade et al., 2009). 

Once in the host bloodstream the organisms are taken up by neutrophils via endocytosis, after 

binding to cell surface receptors (Goodman et al., 1999). Once internalised in the neutrophil, A. 

phagocytophilum modulates the cell function in order to optimise its own intracellular survival, 

and prolong the lifespan of the cell (Rikihisa, 2006). Normal neutrophil lifespan is only 10-12 

hours, but A. phagocytophilum inhibits endothelial adherence (Choi et al., 2003), translocation 

and apoptosis, therefore inducing a persistent bacteraemia and optimising uptake by 

uninfected ticks (Rikihisa, 2006; Yoshiie et al., 2000). Inside the intracellular membrane-bound 

vacuoles the organisms replicate by binary fission and form morulae. These morulae are classic 

of ehrlichial disease and can be visualised in infected cells by light microscopy. Eventually the 

infected cell ruptures, releasing the bacteria into circulation to infect other cells (Popov et al., 

1998). 

The exact mechanism by which A. phagocytophilum causes disease is not known. The immune 

response to infection and the immunomodulatory effect that A. phagocytophilum has on host 

neutrophils are thought to play a role. The interference with neutrophil microbiocidal activity 

may predispose the host to secondary opportunistic infections and  A. phagocytophilum may 

potentially augment neutrophil responses resulting in inflammatory tissue injury (Martin et al., 

2001). Antiplatelet antibodies have been detected in dogs and humans, suggesting an immune 

mediated mechanism (Kohn et al., 2008).  

Clinical presentation 

Widespread serological evidence of infection in endemic areas in dogs with no history of illness 

suggests that many naturally infected dogs remain healthy (Beall et al., 2008). Disease in dogs 

is non-specific and primarily acute. The most common clinical signs reported are fever, 

lethargy and anorexia, which the majority of infected dogs present with (Egenvall et al., 1998; 
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Greig et al., 1996; Kohn et al., 2008). Musculoskeletal problems are also commonly reported, 

and in some dogs lameness results from a neutrophilic polyarthritis (Kohn et al., 2008). Less 

commonly polydipsia, pale mucous membranes, vomiting, diarrhoea and haemorrhage have 

been reported (Greig et al., 1996; Kohn et al., 2008). On physical examination 

lymphadenopathy and splenomegaly may be detected (Greig et al., 1996). Infection appears to 

be self-limiting in dogs, and chronic disease has not been described. To date there are no case 

reports documenting a fatal outcome in dogs. Co-infections with Borrelia burgdorferi may be 

the cause of more severe clinical signs, possibly because of the immunomodulating effects of 

A. phagocytophilum (Beall et al., 2008).  

Thrombocytopaenia is the most consistent laboratory finding in affected dogs, ranging from 

mild to severe, and is the result of increased destruction of platelets (Egenvall et al., 1998; 

Greig et al., 1996; Kohn et al., 2008; Lilliehook et al., 1998). The majority of dogs also have 

lymphopaenia, and mild hypoalbuminaemia, high serum alkaline phosphatase, 

hyperglobulinaemia and mild anaemia may be present in some cases (Egenvall et al., 1998; 

Greig et al., 1996; Kohn et al., 2008).  

Diagnosis 

Confirming the diagnosis of HGA requires either the identification of morulae in a blood smear 

combined with a single antibody titre to A. phagocytophilum of > 1:80; the serological 

evidence of a fourfold increase in antibody titre to A. phagocytophilum within 4 weeks; or the 

detection of A. phagocytophilum DNA by PCR, along with a supporting history, clinical and 

laboratory data (Bakken and Dumler, 2008). These same criteria could be applied to dogs. 

Morulae are detectable only in the acute phase of disease and only transiently. They can be 

detected as early as 4 days after inoculation in experimentally infected dogs, and persist for 

between 4 and 8 days (Egenvall et al., 1998). In dogs where morulae are detected in the acute 

stage, between 7 to 32% of neutrophils have inclusions (Egenvall et al., 1997; Poitout et al., 

2005).  Morulae cannot be distinguished from those of other Ehrlichia species.  

Serology is commonly used for the diagnosis of anaplasmosis in dogs. Experimental studies 

have documented that antibodies can be detected from 2 to 5 days following the appearance 

of morulae in the blood, or as early as 8 days following experimental inoculation 

(Chandrashekar et al., 2010; Egenvall et al., 1998). Serum antibody levels may remain high for 

over 1 year, or may revert to low or undetectable by 6 to 7 months post infection 

(Chandrashekar et al., 2010; Egenvall et al., 1997) . When antibody levels drop, dogs are 
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susceptible to re-infection the following tick season (Egenvall et al., 1997). High antibody levels 

for periods of 1 year or more may be due to persistent infection. Persistent infection has not 

been verified following natural infection, although results of some studies suggest this may 

occur (Chandrashekar et al., 2010; Egenvall et al., 2000). Seropositivity is only an indication of 

exposure and antibody levels may remain high for a period of time following natural recovery 

(Egenvall et al., 1997).  Where serology is used alone to confirm diagnosis, paired rising titres 

must be proven.  

IFA test is a commonly used serology test for the diagnosis of canine anaplasmosis, and can be 

performed in many commercial laboratories. Limitations of an IFA include the lack of 

standardisation between IFAs performed in different laboratories, and the existence of cross-

reactive antigens between A. phagocytophilum and other Ehrlichia and Anaplasma organisms. 

IFA tests for A. phagocytophilum will detect antibodies against both A. phagocytophilum and A. 

platys and for dogs in areas where both organisms are endemic, the difference can only be 

distinguished with PCR (Chandrashekar et al., 2010).  

A commercially available point of care ELISA (Snap 4Dx, IDEXX Laboratories, Westbrook, ME) 

for the detection of antibodies to A. phagocytophilum gives quick, accurate serologic results 

without the need for trained laboratory staff or equipment. The ELISA uses peptides derived 

from the immunodominant p44 proteins of A. phagocytophilum and has a sensitivity and 

specificity of 99.1% and 100% respectively when compared with IFA. However, this test also 

cross-reacts with A. platys antibodies (Chandrashekar et al., 2010), and again can only be used 

to determine exposure, not current infection. Developed primarily as a screening test, it 

should not be relied on for diagnosis alone.  

Western blot assays have also been developed for the detection of A. phagocytophilum 

antibodies, however these are not commonly used in a commercial setting (Diniz and 

Breitschwerdt, 2012).  

PCR is a more sensitive diagnostic tool than visualising morulae in a blood smear. Dogs 

infected with A. phagocytophilum have positive PCR results before morulae are visible and 

may remain positive for several weeks after the acute phase (Chandrashekar et al., 2010; 

Egenvall et al., 2000). PCR also allows for a species-specific diagnosis, accurately distinguishing 

between DNA of  A. Phagocytophilum, A. platys and other Ehrlichia spp. (Carrade et al., 2009). 

It is important to note, that although accurate, PCR is still subject to false-positive and false-

negative results as with any other diagnostic test. Results may vary depending on the target 
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genes used and the laboratory technique and quality control measures employed (Diniz and 

Breitschwerdt, 2012). 

Public health 

A. phagocytophilum is the agent responsible for HGA. The disease was first identified in 1990 

in a resident of Wisconsin, USA, who died after a  severe febrile illness following a tick bite 

(Chen et al., 1994). In the following two years a further 12 human cases with similar clinical 

signs and intra-neutrophilic inclusions were identified in the same region (Bakken et al., 1994; 

Dumler et al., 2005). Since its first description, clinical cases of HGA have steadily increased in 

both North America and Europe, and it is currently considered an emerging disease in human 

medicine (Doudier et al., 2010).  

In humans, as with other mammals, infection of the neutrophils with the bacterium results in 

immunodeficiency diseases. Symptoms may vary from a mild and self limiting fever to death, 

with signs requiring hospitalisation observed in half of all symptomatic patients (Bakken et al., 

1996). The most common signs of HGA are fever, malaise, headache and myalgia. Less 

commonly arthralgia, vomiting, diarrhoea, coughing and confusion may occur (Dumler et al., 

2005). Death may occur as a result of HGA, although deaths have usually been a result of 

complications due to immunocompromise and opportunistic secondary infections (Dumler et 

al., 2005). As with dogs, serologic studies suggest that many infections go unrecognised, with 

as many as 15% to 36% of people in endemic areas of the United States being seropositive 

(Aguero-Rosenfeld et al., 2002; Dumler et al., 2005). In Europe, sero-surveys have shown a 

similar level of seroconversion (Remy et al., 2003),  though relatively few human cases are 

reported here. This could possibly be because some variants are more pathogenic in humans 

than others (Doudier et al., 2010).  

As with other mammals infection is associated with Ixodes tick exposure and as such disease 

will usually only occur in tick endemic areas with a wildlife reservoir population. Most clinical 

cases are reported in spring and summer and occupational or recreational activities related to 

wooded areas are major risk factors for anaplasmosis (Doudier et al., 2010).  It is not known 

what the potential zoonotic risk of domestic species such as dogs is to humans as a reservoir 

for A. phagocytophilum. Most commonly wildlife hosts such as small rodents and deer are 

implicated as the main maintenance reservoir.  
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2.5.4 Anaplasma platys 

Aetiology 

Anaplasma platys, previously named Ehrlichia platys, is the aetiological agent in infectious 

cyclic thrombocytopaenia of dogs (Harvey et al., 1978). It is a small rickettsial parasite of 

platelets and genetically it is very similar to Anaplasma phagocytophilum (Harvey, 2012; 

Harvey et al., 1978).  

Epidemiology 

First reported in Florida in 1978 (Harvey et al., 1978), A. platys has since been reported in 

Southern Europe (Beaufils et al., 2002; de la Fuente et al., 2006; Kontos et al., 1991; Sainz et 

al., 1999; Sparagano et al., 2003), Africa (Sanogo et al., 2003), Asia (Chang et al., 1996; Motoi 

et al., 2001; Suksawat et al., 2001a; Suksawat et al., 2001b), the Caribbean (Georges et al., 

2008), Australia (Brown et al., 2001) and South America (Suksawat et al., 2001a). Whereas A. 

phagocytophilum infection seems to predominate in the Northern Hemisphere, A. platys 

seems to be the prevalent species in the dog population in South America, Africa, Asia and the 

Pacific region (Diniz and Breitschwerdt, 2012). Serologic studies in the United States have 

shown that as many as a third of thrombocytopaenic dogs in Florida and Louisiana have 

positive titres to A. platys and over 50% of dogs seropositive for Ehrlichia canis also have 

positive antibody titres to A. platys (Harvey, 2012; Hoskins et al., 1988). The prevalence by PCR 

is as high as 43% in dogs in Aboriginal communities in Australia (Brown et al., 2006). 

Pathogenesis and lifecycle 

The exact mechanism for transmission has not yet been established. The tick Rhipicephalus 

sanguineus has been implicated but not confirmed as the main vector of A. platys (Harrus et 

al., 1997; Woody and Hoskins, 1991). The organism has been repeatedly detected in the tick by 

PCR methods (Harvey, 2012; Motoi et al., 2001; Sparagano et al., 2003), although attempts to 

transmit infection with these ticks have not been successful (Simpson et al., 1991).  A. platys 

has also been detected in Dermacentor auratus, Haemaphysalis longicornis and Ixodes 

persulcatus ticks in Asia (Kim et al., 2006; Parola et al., 2003) and the dog chewing louse 

Heterodoxus spiniger in Australia (Brown et al., 2005). R. sanguineus is the common vector for 

a number of tick-borne pathogens including E. canis and Babesia canis, and as a result co-

infections are common in endemic areas (Hoskins et al., 1988; Suksawat et al., 2001b).  
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After experimental infection, the incubation period is 8 to 15 days (Chandrashekar et al., 2010; 

Harvey et al., 1978). The parasite enters the mammalian cell in a similar way to other 

Anaplasma and Ehrlichia spp., by adhering to the platelet surface and being taken up by 

endocytosis (Goodman et al., 1999; Harvey, 2012). Replication is by binary fission inside 

intracellular vacuoles, forming morulae within infected platelets (Harvey, 2012).  

Approximately four days after the first appearance of organisms in the platelets, the platelet 

count drops precipitously, however recovery is as rapid with values returning to normal within 

another 3 to 4 days (Harvey et al., 1978; Hoskins et al., 1988). Parasitism of the platelets 

appears to be cyclical, with subsequent thrombocytopaenic episodes occurring at 1 to 2 week 

intervals (Harvey, 2012). At the first episode of thrombocytopaenia the percentage of 

parasitized platelets is high (31-67%), but this decreases with subsequent parasitaemias to as 

low as 1%, although the thrombocytopaenia is as severe (Harvey et al., 1978).  

Clinical presentation 

Most infected dogs seem to remain clinically healthy, with no apparent clinical signs (Harvey et 

al., 1978). There may be a mild fever, and uveitis, petechiae and ecchymoses have been 

reported (Harvey, 2012). Despite platelet counts as low as 2-15 x109/L being recorded in 

infected dogs (Harvey et al., 1978), spontaneous bleeding is rarely reported as a clinical sign, 

although bleeding may occur following trauma or surgery during a thrombocytopaenic episode 

(Harvey, 2012).  

Some strains may be more pathogenic than others and more severe signs, such as high fever, 

anorexia, depression, weight loss have been reported outside of the USA, with haemorrhagic 

signs resembling acute E. canis infection such as intermittent epistaxis, petechiae, ecchymosis 

and anaemia (Harrus et al., 1997; Kontos et al., 1991). In some cases co-infections with other 

tick borne diseases may explain these signs (Gaunt et al., 2010). There is some evidence that 

dogs with simultaneous A. platys and E. canis infections suffer from a more pronounced 

thrombocytopaenia than seen with single infections with either (Gaunt et al., 2010). Co-

infections may also alter host immunocompetence and precipitate clinical signs in E. canis – A. 

platys infected dogs (Harvey, 2012).  

Diagnosis 

A diagnosis of A. platys can be confirmed by visualising the organisms inside the parasitized 

platelets, however false-negative results may occur if this method is relied on alone due to the 
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cyclical nature of the disease and that the parasite may be present in very low numbers 

(Harrus et al., 1997). In experimental infection, morulae or inclusions  can be seen in platelets, 

by light microscopy of a blood smear, from 7 to 17 days post infection (Eddlestone et al., 

2007).  

Seroconversion occurs within 8 to 15 days of infection, with or shortly after parasitaemia  

(Chandrashekar et al., 2010; French and Harvey, 1983). In dogs co-infected with E. canis, 

seroconversion to A. platys may take as long as 35 days post infection (Gaunt et al., 2010). 

Serum antibody levels peak about 75 days post infection and may persist for months, with 

most dogs seronegative by 420 days post infection (Gaunt et al., 2010). As with other Ehrlichia 

spp., serology only indicates exposure to the parasite, not active infection. An IFA test to 

detect antibodies to A. platys is commercially available and is considered positive at titres of 

1:80 to 1:100 or greater (Baker et al., 1987; Hoskins et al., 1988), but cross-reactivity with A. 

phagocytophilum does occur. There is no cross reactivity with E. canis antibodies (Harvey, 

2012; Hoskins et al., 1988).  A point-of-care ELISA test kit (Snap 4Dx, IDEXX Laboratories, 

Westbrook, ME) against A. phagocytophilum also reliably cross reacts with A. platys and can be 

used to aid diagnosis in endemic areas (Chandrashekar et al., 2010). When screening for 

exposure, an IFA titre of approximately 1:100 or greater will be positive with this test (IDEXX, 

2012).   

A. platys and A. phagocytophilum infection tend to occur in geographically distinct areas, and 

so a positive result can be interpreted with knowledge of what diseases are known to be 

endemic in that region (Diniz and Breitschwerdt, 2012). However, for dogs that may have been 

exposed to both organisms or in co-endemic areas, PCR is the only reliable method to 

distinguish between infections (Harvey, 2012). PCR may also be a more sensitive way to detect 

acute active A. platys infection, detecting infection earlier than is possible with serology. 

Experimentally infected dogs have positive PCR results as early as 3-4 days following 

inoculation (Chandrashekar et al., 2010; Eddlestone et al., 2007; Gaunt et al., 2010), with a 

peak in the relative level of A. platys DNA at 10 days post experimental inoculation (Eddlestone 

et al., 2007). However these DNA levels then quickly taper off, with experimentally infected 

dogs testing intermittently PCR negative from as early as 17 days post inoculation (Eddlestone 

et al., 2007), a point at which serology is generally positive. PCR results then may be transiently 

positive, with negative results corresponding to the periods of marked thrombocytopaenia 

when the A. platys organism is temporarily cleared from the circulation (Eddlestone et al., 
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2007). Infection is completely cleared by 160 days post experimental infection (Gaunt et al., 

2010). 

Public health 

Currently, A. platys is thought to be of low zoonotic relevance (Otranto et al., 2009b) and there 

are no reported cases of human infection with this organism in the literature to date.  

 

2.5.5 Borrelia burgdorferi 

Aetiology 

Borrelia burgdorferi sensu lato is the spirochete bacteria responsible for Lyme borreliosis in 

dogs and humans. It is unable to survive in the environment and is transmitted between 

vertebrate reservoir hosts (mammals, birds and lizards) and tick vectors (mainly Ixodes spp.) 

(Nadelman and Wormser, 1998).  

Epidemiology 

Lyme borreliosis was first described in people with symptoms of infectious polyarthritis in the 

1970’s. It takes its name from the town it was first discovered in Connecticut, USA (Nadelman 

and Wormser, 1998).  In general, it occurs in the Northern hemisphere in temperate, cooler 

climate conditions and its distribution is determined by the presence of the tick vector. Lyme 

disease in dogs was first described in 1984 (Lissman et al., 1984).  

The main vectors are ticks of the genus Ixodes. In North America, Ixodes scapularis, Ixodes 

pacificus and Ixodes neotomae are the vectors, and in Europe Ixodes ricinus is the most 

common vector, with Ixodes persulcatus also a vector in Eastern Europe and Northern Asia 

(Greene et al., 2012). The spirochete has been isolated from other tick species, fleas, flies, 

mites and mosquitoes, although vector competency is uncertain and their relevance compared 

to Ixodes ticks insignificant (Greene et al., 2012; Piesman and Happ, 1997).  

Ixodes ticks have a two year life cycle, feeding on small mammals and birds in the larval and 

nymphal stages and on larger mammals (deer, dogs or humans) in the adult stage (Figure 2.9). 

Infection is maintained by infected ticks overwintering and having a wildlife reservoir (Keirans 

et al., 1996). It is adult ticks that appear to have the highest rate of infectivity, although 
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nymphs may be more likely to transmit infection in humans as they are less likely to be 

detected and removed due to their small size (Greene et al., 2012). 

Several species of mice, voles and rats are important reservoir hosts. Squirrels, hedgehogs, 

shrews and birds are also involved in the maintenance of the infection cycle (Greene et al., 

2012). Larger mammals such as deer are important in the lifecycle for adults to feed off, but 

the level of infection in these animals is insufficient to transmit infection to a tick making them 

unsuitable as a reservoir (Jaenson and Talleklint, 1992).  

 

 

Figure 2.9: The lifecycle of Ixodes scapularis lasting 2 years. Eggs are oviposited in the spring 

and emerge approximately 1 month later. They feed once in the summer on birds or small 

mammals, and then overwinter. The following spring, larvae moult into nymphs, which then 

feed in late spring or early summer. Nymphs feed on small mammals, birds and larger 

mammals and humans. Nymphs moult into adults in the fall and the adults feed on larger 

mammals where they mate. The females die after laying their eggs. (Greene et al., 2012) 

 

In the United States of America, the majority of Lyme disease cases are seen in the mid-

Atlantic to New England coastal states, northeastern states and far western regions (Bowman 
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et al., 2009; Nadelman and Wormser, 1998). Seroprevalence rates in dogs are highest in the 

northeastern states with an average of 11.6%, compared with only 1% of dogs seropositive in 

Southern states (Bowman et al., 2009). 

In Europe, most B. burgdorferi infections have been reported from central Europe and 

Scandinavian countries, where temperatures and humidity are moderate, although the disease 

can be considered endemic in most regions of Europe (Greene et al., 2012; Nadelman and 

Wormser, 1998), and infected ticks have been found on the other side of the Mediterranean in 

Northern Africa (Sarih et al., 2003).  

In Northern Asia, Lyme borreliosis is recognised in Japan, China, Korea and Russia, among 

other countries, with many case reports, sero-surveys and tick-infection surveys confirming 

this (Azuma et al., 1994; Korenberg et al., 2010; Lim et al., 2010; Liu et al., 2012; Xia et al., 

2012).  

Although Lyme-type disease has been reported in Australia, B. burgdorferi has still not been 

isolated from patients or ticks, and so the disease cannot be considered endemic there 

(Cestnick, 1998; Russell et al., 1994). To date neither Lyme borreliosis nor any known 

competent tick vector have been reported in New Zealand, or in any other Pacific islands, 

including Samoa.  

Pathogenesis and lifecycle 

For successful transmission from vector to mammal, the tick must feed for a minimum of 50 

hours. In this time, the organism multiplies within the tick gut, and spreads to the salivary 

glands infecting the host through the tick’s saliva (Ohnishi et al., 2001). After  inoculation into 

the host, a combination of spirochete outer surface proteins and tick saliva proteins are able to 

block clearance of the spirochete and allow their dissemination by evading the host immune 

system (Hovius et al., 2008). From the site of the tick bite the organisms spread throughout the 

skin and connective tissues, in time colonising many tissues including joints (Greene et al., 

2012). Most animals bitten by infected ticks do not go on to develop Lyme disease, and studies 

have shown in endemic areas where seropositivity may be quite high (up to 75% in endemic 

areas in the USA (Magnarelli et al., 1987)), clinical cases are much lower. Host immunity is 

likely to be involved in preventing these infections (Levy and Magnarelli, 1992). Once in the 

body, B. burgdorferi is a persistent pathogen. The host immune system is able to reduce 

spirochete numbers to almost undetectable levels within a few weeks of infection, but by 
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existing extracellularly and changing immunoreactive proteins and even its shape, B. 

burgdorferi is able to evade host antibodies (Xu et al., 2008).  

Clinical illness results from the host’s inflammatory responses to the organism. Cytokine 

release to regulate the inflammatory response and reduce the parasite burden may also result 

in damage to surrounding tissues. In joints this is likely an important mechanism in producing 

arthritis (Straubinger et al., 1997). In nervous system tissues, immune responses against 

specific borrelial antigens stimulate an inflammatory response that may even target neural self 

antigens (Kuenzle et al., 2007). The glomerulonephritis that is often seen in seropositive dogs is 

thought to be related to the deposition of circulating immune complexes, as spirochetes are 

rarely found in renal lesions (Hutton et al., 2008).  

Clinical presentation 

The majority of dogs exposed to B. burgdorferi will seroconvert but remain clinically normal 

(Levy and Magnarelli, 1992). In clinical disease, systemic signs of fever, shifting leg lameness, 

joint swelling, lymphadenopathy, inappetence and general lethargy are the most common 

acute signs of disease. All these are responsive to antimicrobials (Greene et al., 2012; Levy and 

Magnarelli, 1992; Littman et al., 2006). However, it can be difficult to determine that this is 

due to Lyme borreliosis as these signs have been observed in dogs with and without B. 

burgdorferi specific antibodies with equal frequency, and there is no test that proves that 

illness is as a result of B. burgdorferi infection (Littman et al., 2006). In endemic areas exposure 

and seropositivity may be as high as 75% (Magnarelli et al., 1987). In one study only 5% of 

seropositive dogs went on to develop clinical signs of Lyme disease, however 5% of 

seronegative dogs also went on to develop similar signs (Levy and Magnarelli, 1992).   

Polyarthritis is the most consistent syndrome in both naturally and experimentally infected 

dogs. The first limb affected is usually closest to the tick bite and lameness often persists in 

that limb for a few days before disappearing or shifting to another limb (Appel et al., 1993; 

Littman et al., 2006; Straubinger et al., 1997).  

An acute, progressive renal failure due to a protein losing glomerulonephropathy has been 

described in naturally infected dogs in Lyme endemic areas. Sudden onset anorexia, vomiting 

and lethargy coupled with an azotaemia and proteinuria characterised these cases, and most 

dogs died or were euthanised as a result of renal failure. Vasculitis, peripheral oedema, and 

thromboembolic disease has also been associated with this presentation (Dambach et al., 

1997).  
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Myocarditis and meningitis as a result of Lyme borreliosis have also been described, although 

these are usually based on circumstantial evidence (Greene et al., 2012). It has not yet been 

proven definitively that any syndrome other than polyarthritis is as a direct result of B. 

burgdorferi infection.   

Co-infections are common, and clinical illness may be precipitated or compounded by 

concurrent infection with pathogens such as Anaplasma phagocytophilum (Beall et al., 2008).  

Diagnosis 

There is no definitive test for Lyme borreliosis. Diagnosis is based on a compatible history, 

including tick exposure in an endemic area; clinical signs; laboratory findings, including the 

presence of B. burgdorferi specific antibodies; response to antimicrobial treatment; with the 

exclusion of other diseases (Littman et al., 2006).  

Serology provides evidence of exposure to the organism, but does not prove that it is the 

cause of illness. However the diagnosis of Lyme borreliosis is currently a serological one 

because of difficulties in the detection of the organism in body fluids or tissues by culture, 

cytology or PCR (Greene et al., 2012; Littman et al., 2006).  

Early serology tests were made using whole spirochetes, and experimentally infected dogs 

were shown to develop IgG-ELISA positive titres by 4-6 weeks after exposure (Appel et al., 

1993). Titres reached their highest at 3 months and last for at least 2 years (Straubinger et al., 

2000). The disadvantages of these tests were mainly to do with cross reactivity with vaccine 

induced antibodies, thereby making it impossible to distinguish between vaccinated and 

naturally infected dogs. Immunoblotting was required to distinguish between infected and 

vaccinated animals (Littman et al., 2006).  

More recently tests have been developed to detect antibodies to the immunodominant 

protein, VlsE. This protein is highly conserved and expressed only during natural infection of 

mammalian hosts (Liang et al., 2000). The synthetically produced peptide C6, derived from the 

VlsE antigen, has largely taken the place of whole cell preparations and is used in modern day 

serology tests (Littman et al., 2006).  The presence of antibodies against the C6 antigen proves 

natural exposure.  In addition, the C6 antibody response is quicker to rise, with positive titres 

developing within 3 to 5 weeks of experimental infection, and in untreated dogs titres 

remaining high for over 1 year (Liang et al., 2000).  In a comparison with immunoblotting, the 
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sensitivity and specificity of the C6 point of care ELISA (Snap 4Dx, IDEXX Laboratories, 

Westbrook, ME) was 98.8% and 100% respectively (Chandrashekar et al., 2010).  

Public health 

Lyme disease was described in humans 10 years before B. Burgdorferi was suggested to be the 

cause of clinical signs in dogs. Unlike dogs, most people exposed to B. Burgdorferi will go on to 

show clinical signs (Nadelman and Wormser, 1998). Symptoms can start from several days to 

one month after a tick bite and risk is greatest when the tick has attached for greater than 72 

hours (Sood et al., 1997). Acute flu-like symptoms may accompany a ring-like erythematous 

skin lesion in the vicinity of the tick bite in the early stages of disease. Subsequent disease 

includes joint swelling and joint and muscle pain, and possibly cardiac, neurologic or chronic 

skin changes may occur (Nadelman and Wormser, 1998). In endemic areas, children under 14 

and adults over 30 are most at risk of disease (Greene et al., 2012; Nadelman and Wormser, 

1998). In the early stages of disease, human infection can be easily treated with antibiotics, 

however in chronic infections antimicrobial therapy is no longer effective (Klempner et al., 

2001). Studies have shown that a single dose of doxycycline taken within 72 hours of a tick 

being removed can prevent Lyme disease in people (Nadelman et al., 2001).  

Lyme borreliosis is classified as a zoonosis, although dogs do not appear to be a source of 

infection to humans. There is no evidence to prove that infected dogs pose a risk to humans 

other than the risk of introducing ticks into a household, although ticks cannot survive for long 

indoors and only usually feed once at each life stage (Greene et al., 2012). As with other large 

mammals, dogs do not act as a reservoir for B. burgdorferi, as the levels of infection generally 

are too low to transmit to ticks (Greene et al., 2012; Kurtenbach et al., 1998). Domestic dogs 

may be useful as sentinels for monitoring human disease risk in endemic areas. In these areas 

dogs have a higher risk of exposure due to their greater likelihood of coming into contact with 

the tick vector (Hamer et al., 2009).  

There is some risk of infection to people removing infected ticks from dogs; if the tick is 

crushed and the contents of the mid-gut released and exposed to cuts or abrasions on that 

person’s hands, infection may be transmitted (Day, 2011).  
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2.5.6 Leishmania infantum: Canine Leishmaniasis  

Aetiology 

Leishmania infantum is a protozoa of the family Trypanosomatidae, and the cause of canine 

leishmaniasis (Baneth and Solano-Gallego, 2012). The natural lifecycle requires a vertebrate 

host and phlebotomine sand fly vector, of the genus Phlebotomus or Lutzomyia. In the 

vertebrate host, Leishmania is detected in macrophages as amastigotes, the non-flagellate 

form. Within the sand fly, amastigotes transform into the extracellular, flagellate promastigote 

form and replicate. L. infantum is zoonotic, and in parts of the world where it is the cause of 

human visceral leishmaniasis, dogs are considered to be the main reservoir (Baneth and 

Solano-Gallego, 2012).   

Epidemiology 

Canine leishmaniasis caused by L. infantum is endemic in many countries, predominantly in the 

Mediterranean basin, central and southwest  Asia and South America (Figure 2.10) (Baneth 

and Solano-Gallego, 2012).  

 

 

Figure 2.10: Map of the global distribution of canine leishmaniasis due to Leishmania 

infantum and human visceral leishmaniasis (Art by Thel Melton © 2010 University of Georgia 

Research Foundation) (Baneth and Solano-Gallego, 2012) 
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Risk of infection is determined by the presence and behaviour of local sand fly species and the 

presence of an infected canine reservoir. Approximately 70 of 1000 known sand fly species are 

able to transmit leishmaniasis (Murray et al., 2005). Transmission of L. infantum from domestic 

dogs by the bite of sand flies was first demonstrated in the 1930s (Adler and Theodor, 1932). 

Sand flies are predominantly present year round in tropical countries and are active during the 

warm months of the year in temperate countries. The activity of adult sand flies is crepuscular 

and nocturnal. The temperature range at which sand flies are active is between 15 and 28 ⁰C, 

and activity is always associated with high humidity and the absence of wind or rain (Killick-

Kendrick, 1999; Solano-Gallego et al., 2009). Both clinically and subclinically infected dogs are 

infectious to feeding sand flies, although infectiousness is greater in dogs with clinical 

infections (Quinnell and Courtenay, 2009). 

In endemic areas, there is a high prevalence of canine infection, involving as much as 63-80% 

of the population when using PCR to detect, although the majority of dogs remain subclinical 

with a much lower apparent rate of clinical disease (Berrahal et al., 1996; Solano-Gallego et al., 

2001). Based on seroprevalence studies in France, Spain, Italy and Portugal, it has been 

estimated that 2.5 million dogs in these countries are infected with L. infantum, and infection 

is spreading north in Europe (Baneth and Solano-Gallego, 2012; Otranto et al., 2009a).  

When favourable conditions exist, with high sand fly-vector and canine-host densities, the 

infection spreads rapidly and extensively through the dog population (Baneth et al., 2008). In a 

study where a group of naive dogs were exposed to three consecutive transmission seasons in 

Naples, Italy, 97.3% of the dogs were PCR positive and 75.7% were seropositive by the end of 

the study. This extremely high transmission rate was attributed to a high density of 

Phlebotomus perniciosus vectors and a lack of any control measures to protect the dogs (Oliva 

et al., 2006).  

A large number of studies have investigated L. infantum infection in other domestic and wild 

animal populations, as possible alternative reservoirs for infection (Quinnell and Courtenay, 

2009). There have been studies demonstrating a high prevalence in domestic cats (Machado 

da Silva et al., 2008; Martin-Sanchez et al., 2007), and infections have also been reported in 

domestic horses (Fernandez-Bellon et al., 2006) and pigs (Moraes-Silva et al., 2006). L. 

infantum infection has also been reported in a wide range of wild carnivores and rodents in 

both the New and Old World. However there is no clear evidence for any important reservoir 

of zoonotic visceral leishmaniasis other than the domestic dog, without further investigation 

(Quinnell and Courtenay, 2009).  
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Sporadic cases of canine leishmaniasis have been reported in non endemic areas, such as the 

Netherlands, the United Kingdom and Sweden, as a result of importation of an infected dog 

(Baneth and Solano-Gallego, 2012). Recently, autochthonous transmission of the disease has 

been described in the United States and Canada in Foxhound populations, where the disease is 

now considered endemic in this breed, with seroprevalence rates of 8.9% to 13.5% (Petersen, 

2009).  

There has been renewed interest recently in potential transmission routes other than the sand 

fly. Infections in Foxhounds in the United States have occurred in regions of low sand fly 

density or where their competence as a vector is deemed to be poor. Vertical transmission is 

considered to be the most likely means of transmission in these dogs (Petersen, 2009).  

Congenital transmission has been confirmed, as has infection  from blood transfusion with an 

infected donor and sexual transmission in dogs, though the effect of these modes of 

transmission is thought to be minimal (Quinnell and Courtenay, 2009).  The possibility of non 

sand fly vectors has also been considered, and it has been suggested that the tick 

Rhipicephalus sanguineus may be able to transmit leishmaniasis. Studies have shown that it is 

possible for this tick, and some species of flea, to become infected from feeding on infected 

dogs (Coutinho et al., 2005; Quinnell and Courtenay, 2009). However the biological 

development of L. infantum within ticks and fleas, and subsequent transmission to a naive dog 

has not yet been proven (Quinnell and Courtenay, 2009). 

In most maps showing the global distribution of Leishmania, Southeast Asia, Australia, New 

Zealand and the Pacific are depicted free of the parasite (Figure 2.10). However recently there 

have been reports to suggest that Leishmania distribution may be wider than previously 

thought (Thompson and Conlan, 2011). In 2004, the first autochthonous case of Leishmania 

was reported in kangaroos in Australia, involving a novel species of the parasite (Rose et al., 

2004). There have also been cases reported in Thailand and East Timor, raising the possibility 

of vectors in this area (Thompson and Conlan, 2011). There have been no reported cases of 

human or canine leishmaniasis in Samoa or the surrounding Pacific region, and this region is 

assumed to be free of the disease. However this may be due to a lack of surveillance studies 

investigating the presence of the disease in dogs, humans or any other species.  

Lifecycle and pathogenesis 

Motile Leishmania promastigotes are transmitted to the host when an infected sand fly feeds 

and these are regurgitated into the host’s skin through the saliva. The promastigotes are taken 
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up by macrophages in the skin, and transform within the cell into non-flagellate amastigotes. 

Amastigotes are protected by the host defences in phagolysosomes within the host 

macrophage and are able to multiply by binary fission until the cell bursts, releasing the 

amastigotes which are then taken up by more macrophages. Infected macrophages 

disseminate throughout the body via the lymphatic system, spreading mainly to the lymph 

nodes, spleen, liver, bone marrow and distant skin locations.  The life cycle is completed when 

an uninfected sand fly feeds on the skin of the infected host, taking in an infected macrophage 

with the blood meal. The cell ruptures, releasing the amastigotes which then transform into 

motile promastigotes and replicate in the sand fly (Figure 2.11) (Baneth and Solano-Gallego, 

2012). 

 

Figure 2.11: Life cycle of Leishmania infantum (adapted from Baneth and Solano-Gallego, 

2012)  

 

Not every dog that is infected with Leishmania goes on to develop clinical disease (Killick-

Kendrick et al., 1994), in fact the majority of dogs remain subclinically affected (Solano-Gallego 
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et al., 2009).  The progression to clinical disease depends on the immune response generated 

by the individual at the time of infection and thereafter. To resist infection, the immune 

system must halt amastigote replication, and either completely eliminate the parasite, or keep 

replication restricted and remain subclinical for long periods. These dogs are considered 

clinically resistant. However, the subclinical state is not always permanent and for some dogs a 

period of immunosuppression or concurrent disease may result in clinical disease developing 

(Cabral et al., 1998; Solano-Gallego et al., 2009).  

Canine leishmaniasis is a chronic condition, with clinical signs developing anywhere from three 

months to seven years post-infection (Baneth and Solano-Gallego, 2012). Proliferation of B 

lymphocytes, plasma cells, macrophages and histiocytes within lymphoid tissue results in 

generalised lymphadenomegaly and splenomegaly. In addition T-lymphocytes become 

depleted, affecting the body’s ability to mount a competent cell mediated response to the 

disease. Excessive antibody production from B lymphocytes results in hyperglobulinaemia, 

circulating immune complexes and in some cases autoantibody production, which in turn may 

lead to glomerulonephritis and renal failure, vasculitis, polyarthritis or immune-mediated 

thrombocytopaenia. The vasculitis is an important feature, as this results in tissue necrosis and 

the skin, visceral and ocular lesions that are associated with the disease (Baneth and Solano-

Gallego, 2012; Cortadellas et al., 2006; Font et al., 2004).   

Clinical presentation 

Classically, canine leishmaniasis is associated with skin lesions, often generalised, however, 

disease is almost always disseminated and may involve any tissue or organ in the body with a 

subsequent huge range of clinical signs (Baneth and Solano-Gallego, 2012). There is also a high 

prevalence of subclinical disease, with roughly 90% of infected dogs in an endemic area being 

clinically healthy (Solano-Gallego et al., 2009). 

Skin lesions are seen in the majority of clinical cases (81-89%), with a range of abnormalities 

occurring from an exfoliative dermatitis, crusting and ulcerative lesions, to skin nodules, 

papules and mucocutaneous lesions. Lymphadenomegaly is also a common finding (62-90%) 

(Baneth and Solano-Gallego, 2012; Ciaramella et al., 1997; Koutinas et al., 1999). 

Other signs include decreased activity, weight loss, lethargy, decreased appetite, polyuria and 

polydipsia, splenomegaly, ocular lesions, epistaxis, lameness and nail abnormalities. A serious 

consequence of disease is a progressive chronic renal failure, which is the main cause of death 
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in dogs with leishmaniasis (Baneth et al., 2008; Baneth and Solano-Gallego, 2012; Ciaramella et 

al., 1997). 

The most consistent serum biochemistry finding in dogs with clinical disease is a polyclonal 

hyperglobulinaemia with a hypoalbuminaemia, and a persistent renal proteinuria. Elevated 

liver enzymes, renal azotaemia, mild anaemia, leukocytosis or leukopaenia  may also be 

detected (Baneth and Solano-Gallego, 2012; Ciaramella et al., 1997; Solano-Gallego et al., 

2009).  

Diagnosis 

Diagnosis of L. infantum infection is carried out for two main reasons: 1) to confirm disease is 

present in individuals with clinical signs indicative of canine leishmaniasis and 2) to screen a 

healthy population or individual for the presence of infection for epidemiological studies, or 

for the purpose of detecting subclinically infected dogs, either in endemic or non-endemic 

areas (Miro et al., 2008). The optimal choice of diagnostic technique is determined by the type 

of sample population. 

When trying to establish the prevalence of L. infantum in a population, it must be taken into 

consideration that the incubation period before any clinical signs appear can be very long, up 

to seven years, and that the majority of dogs infected actually remain subclinical carriers. 

These subclinically infected dogs are still a reservoir for infection to others.  For mass field 

surveillance, the ideal test would be quick and simple to use, economical and with a high 

sensitivity and specificity in both clinical and subclinical animals. 

Diagnosis of L. infantum must involve either the demonstration of the parasite or parasite DNA 

in blood or tissue, or the detection of serum anti-leishmanial antibodies (Gomes et al., 2008). 

Detection of amastigotes by cytology, histology, immunohistochemistry or culture, although 

very specific, is time consuming, often invasive and has a lower sensitivity that PCR or serology 

in asymptomatic infections . These may be useful techniques in confirming diagnosis in clinical 

cases, but for detection of subclinical infection a more sensitive test is required (Gomes et al., 

2008).  

Canine leishmaniasis is most commonly diagnosed by detecting high levels of anti-leishmanial 

antibodies in serum. There are several serological tests available: indirect IFA test, ELISA, direct 

agglutination test.  Serological tests, as well as being suitable for diagnosing individual cases, 

are useful for epidemiological surveys.  Serology methods that use crude or partially purified 
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promastigote antigens to detect anti-leishmanial antibody are prone to cross reactivity with 

other closely related parasites, such as Trypanosome cruzi, in areas where these occur 

concurrently (Miro et al., 2008). In an attempt to reduce this cross reactivity in these areas, the 

use of recombinant polypeptides containing specific epitopes, have been adapted for use in 

serology tests (Miro et al., 2008). WB has proved to be more sensitive than IFA test, and its use 

in the routine diagnosis of canine leishmaniasis has been suggested, however WB is more 

laborious, requiring trained technicians, and its use is currently limited to research laboratories 

(Ferroglio et al., 2007). Regardless of which serological method is used, sensitivity is lower in 

clinically well, infected dogs, as seropositivity is evident in only 30-66% of subclinically infected 

dogs, compared with seropositivity of 88-100% in clinical cases (Gomes et al., 2008; Solano-

Gallego et al., 2001).  

PCR has greatly improved the sensitivity and specificity of parasitological diagnosis of canine 

leishmaniasis and assays based on kinetoplast DNA rather than genomic DNA seems to be 

most sensitive (Gomes et al., 2008; Miro et al., 2008).  PCR on bone marrow, lymph node or 

spleen is most sensitive, though usually too invasive and not suitable for use in widespread 

epidemiological studies, whereas PCR on whole blood and urine is less sensitive (Solano-

Gallego et al., 2009). 

One study comparing the prevalence of leishmaniasis in an endemic area as determined by 

clinical disease, serology and PCR of skin, conjunctiva and bone marrow, detected an overall 

prevalence of 67%, with a clinical disease prevalence of 13%, a seroprevalence of 26% and 

positive PCR in 63% of dogs examined (Solano-Gallego et al., 2001). 

 It is clear that currently there is no one perfect test for surveillance and detection of 

subclinically infected dogs. 

Public health 

Leishmaniasis is a disease of major human significance and its management remains a severe 

public health problem (Desjeux, 2004). Human leishmaniasis is caused by several Leishmania 

species which are mostly zoonotic. The two most common diseases are visceral leishmaniasis 

(VL), caused by L. infantum and L. donovani, and cutaneous leishmaniasis (CL), caused by a 

number of other Leishmania species. VL is a chronic, potentially fatal condition that affects the 

internal organs, whereas CL affects the skin and mucocutaneous junctions, and although signs 

may resolve spontaneously, infection may result in extensive scarring and disability (Desjeux, 

2004; Murray et al., 2005). The lifecycle in humans is as for in dogs (Figure 2.11), and clinical 
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infection in humans represents only a relatively small proportion of infected individuals, with 

asymptomatic subclinical infection being most common (Michel et al., 2011). 

Leishmaniasis in people is endemic in 88 countries worldwide putting more than 350 million 

people at risk of the disease (Desjeux, 2004). The estimated incidence of the disease in humans 

is 2 million cases per year, with a quarter of these being VL, resulting in an estimated 59,000 

deaths a year (Desjeux, 2004). However, incidence is not uniformly distributed in endemic 

areas, with 90% of VL cases occurring in poor rural and suburban areas of only five countries 

(Bangladesh, India, Nepal, Sudan and Brazil) (Desjeux, 2004; Gramiccia and Gradoni, 2005). VL 

cases occurring in the Indian subcontinent, Asia and Africa are caused by L. donovani. VL 

caused by L. infantum occurs in the Mediterranean region, Southwest and Central Asia and 

South America, primarily affecting infants, young children and immunosuppressed adults 

(Murray et al., 2005).  

Typical clinical signs of human VL infection are fever, pallor, wasting, hepatomegaly and often 

a striking splenomegaly and with time, untreated clinical disease can result in death. Where 

treatment is available there is a 90% cure rate (Murray et al., 2005).  

Domestic dogs are considered the main reservoir for L. infantum and canine prevalence rates 

may be as high as 80% in affected areas (Berrahal et al., 1996; Michel et al., 2011).  Globally, 

canine leishmaniasis is considered one of the major zoonoses. Dogs are a common companion 

animal, in both developing and developed countries, living in close proximity to their human 

owners (Solano-Gallego et al., 2009). Infected dogs living in the vicinity of humans is associated 

with transmission of infection, although only one study in Iran has shown dog ownership a risk 

factor for human infection(Gavgani et al., 2002). In general, it is accepted that the risk of 

infection in humans is increased in areas where there is a high density of infected dogs, but not 

necessarily directly linked to dog ownership (Solano-Gallego et al., 2009). 
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Chapter 3   Materials and methods 

 

3.1 Sample population 

This was a pilot study, with samples collected from dogs in July 2010 (n = 50) and August 2011 

(n = 187) during two periods of 4 weeks. At this time the APS was operating a free sterilisation 

campaign as part of their population control program. This involved mobile clinics in villages 

across both main Samoan Islands, and at the APS clinic in the Apia urban area.  

Dogs estimated to be 10 kg or over which presented to the APS for surgical sterilisation were 

selected for sampling. As the blood sample volume to be collected was 10ml, a lower 

bodyweight limit of 10kg was decided upon to avoid sampling a large volume from small dogs 

or young puppies. Owner consent was required for owned dogs. A small number of stray dogs 

were presented for sterilisation and were included in the study. 

During the initial study period in July 2010, the first 5 dogs to fit the inclusion criteria each day 

were sampled until a total of 50 dogs was reached. During the August 2011 sampling period 

every dog that fitted the inclusion criteria was sampled. Dogs which were severely obtunded 

or emaciated were excluded from the study to avoid risks associated with blood sampling. The 

study design was approved by the Massey University Animal Ethics Committee, New Zealand.  

 

3.2 Sample Collection 

For each owned dog estimated to weigh 10 kg or over, consent was sought from the owner to 

participate in the study and a questionnaire (Appendix 1) was completed by the APS staff with 

information provided by the owner. The form contained questions relating to the area in which 

the dog lived, its husbandry (indoor, free roaming), age and breed if known and any previous 

vaccination or antiparasitic treatments administered. The sex and estimated weight was 

recorded and for dogs whose age was not known, this was estimated following examination. 

For stray dogs questionnaire information was not available, but the area where they were 

found was recorded, along with their sex and estimated age and weight. A thorough visual 

examination for external parasites was also performed by a veterinarian or final year 

veterinary student.  
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For the purposes of statistical analysis the islands were divided into three areas based on the 

areas used by the Samoa Bureau of Statistics for the census - the urban Apia area, rural Upolu 

and Savai’i. In addition, ages recorded were placed in one of four categories: less than 12 

months old, one year or older, but less than two years old, two years or older but less than 

three years old and three years or older.  

 

3.3 Serologic testing 

A 10ml blood sample was collected into plain and EDTA blood tubes, via jugular venipuncture 

at the time of general anaesthesia. Samples were placed in a chilled container immediately. 

The serum was separated, and both serum and EDTA samples were stored at -20°C within 8 

hours of collection, pending analysis following transport to New Zealand.   

Serum samples were thawed, brought up to room temperature and centrifuged prior to 

testing. A commercially available in-clinic ELISA (SNAP 4Dx test kit, IDEXX Laboratories, 

Westbrook, Me) for the simultaneous detection of Anaplasma phagocytophilum, Borrelia 

burgdorferi and Ehrlichia canis antibody and Dirofilaria immitis antigen was used according to 

the manufacturer’s instructions. A commercially available in-clinic ELISA (SNAP Leishmania test 

kit, IDEXX Laboratories, Westbrook, Me) for the detection of Leishmania infantum antibody 

was used according to the manufacturer’s instructions.  Serum samples were processed within 

60 days of collection.  

A. phagocytophilum assay - This ELISA detects antibodies against a synthetic peptide derived 

from the major surface protein of A. phagocytophilum (the immunodominant p44 protein). 

Relative to IFA, sensitivity and specificity for the detection of A. phagocytophilum are 99.1% 

and 100% respectively. However, dogs experimentally infected with Anaplasma platys can also 

generate cross-reactive antibodies to this synthetic peptide, resulting in a positive ELISA, and it 

is possible that the IFA has similar cross reactivity (Chandrashekar et al., 2010). Therefore a 

positive Anaplasma result may be due to either A. phagocytophilum or A. platys exposure and 

consideration should be given to the presence of the vectors in that area when drawing 

conclusions.  

B. burgdorferi assay – This ELISA detects antibodies generated against the C6 peptide derived 

from the Borrelia membrane protein VlsE. Sensitivity and specificity are 98.8% and 100% 

respectively, relative to IFA (Chandrashekar et al., 2010). 



66 

 

E. canis assay – This ELISA detects antibodies generated against peptides from the p30 and 

p30-1 proteins of E. canis. Compared with IFA, sensitivity and specificity are 96.2% and 100% 

respectively. It is possible for some Ehrlichia chaffeensis infections to produce cross reacting 

antibodies to these same proteins and therefore exposure can result in a positive result for 

both IFA and ELISA against E. canis (Chandrashekar et al., 2010).   

D. immitis assay – This analyte is derived from antibodies specific to the heartworm antigen. 

Sensitivity and specificity were 84% and 97% respectively, in a study investigating dogs with 

low heartworm burdens, when compared with necropsy (Atkins, 2003). 

L. infantum assay – This ELISA detects antibodies generated against L. infantum 

promastigotes. Using IFA as the reference standard, sensitivity and specificity are 91.1% and 

99.2% respectively (Ferroglio et al., 2007).  

 

3.4 Faecal floatation 

Faecal samples were collected directly from the rectum at the time of general anaesthesia. 

They were stored at 4°C and faecal flotation performed within 48 hours of collection. Samples 

were processed by simple bench-top flotation technique using a saturated sodium chloride 

solution (NaCl, specific gravity 1.2) in July 2010 and a saturated sodium nitrate solution (NaNO3 

specific gravity 1.33) in August 2011, for a qualitative worm burden analysis. The species or 

genus of parasite was recorded, including Trichuris vulpis, Dipylidium caninum, Toxocara canis, 

Cappilaria spp. and Sarcocystis spp. Hookworm eggs were identified just as ‘hookworm’, as 

visual identification between the Ancylostoma spp. and Uncinaria spp. is not possible without 

measurement (Traub et al., 2004).  

Approximately 3-5 grams of faeces were mixed with the pre-made flotation solution, and 

strained to remove any large particles. The solution was transferred to a 15 ml test tube. 

Additional flotation solution was added, if required, to bring the volume up to 15 ml, and to 

create a positive meniscus onto which a coverslip was placed. The solution was allowed to 

stand for a minimum of 10 minutes. The coverslip was removed and placed on a glass slide for 

examination by light microscopy as described elsewhere (Zajak and Conboy, 2012). The entire 

coverslip area was examined at 100x magnification, and 400x magnification used to aid 

identification. Samples were considered positive if one or more eggs were seen. Any remaining 
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faeces were then stored at -20°C pending analysis for Giardia and Cryptosporidium, following 

transportation to New Zealand.  

 

3.5 Detection of Cryptosporidium and Giardia by direct IFA 

coproscopy 

Direct IFA coproscopy was performed to detect Giardia and Cryptosporidium spp. cysts in 

faeces. Approximately 1 g of faeces was homogenized with 700 µl of 1 x phosphate-buffered 

saline in a 1.5 ml tube. This was vortexed at high speed for 30 seconds and left to stand for 10 

minutes. A 50 µl aliquot was taken from this sample, pipetted onto a microscope slide and 

placed into a 37˚C incubator until dry. To the slide, 50 µl of methanol was added and left to air 

dry for 10 minutes. The sample was then stained with 50 µl fluorescein isothiocyanate (FITC) 

stain (Aqua-Glo G/C, Waterborne Inc), placed in a humidity chamber and incubated at 37˚C for 

30 minutes. The slide was washed with 50 µl 1 x Phosphate Buffered Saline, and covered with 

mounting medium and cover slip. Detection was completed using a UV epi-fluorescent 

microscope with scanning at 200x magnification. Samples were considered positive if one or 

more cysts were seen. 

 

3.6 Statistical analysis 

Prevalence was calculated along with 95% confidence intervals for the individual diseases, 

using a binomial exact confidence interval. A Fishers exact test was used to test for differences 

in prevalence between geographical areas and age groups. This was chosen over a Chi-squared 

test due to the low number of positives in some groups. A p-value cut off of 0.05 was used to 

determine significance. The computer software R (http://www.R-project.org/) was used for all 

calculations.  

  

http://www.r-project.org/
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Chapter 4   General results 

 

4.1   Geographical distribution of samples 

Of the 242 dogs enrolled on the study, 76 (31.4%) were from the Apia urban area, 110 (45.5%) 

were from rural Upolu and 56 (23.1%) were from Savai’i (Figures 4.1, 4.2 and Table 4.1).  

 

 

Figure 4.1: Map of Samoa marking the villages from which the 242 dogs sampled to study 

selected infectious diseases originated. The number of dogs sampled from each area is 

denoted by numbers in parentheses.  

 

4.2   Questionnaire results  

The study population totalled 242 dogs. There were 176 male dogs and 64 female dogs, and 

two dogs of unrecorded sex within the sample population. All the dogs sampled were the 

medium sized mixed breed “Samoan” dog type predominantly seen in Samoa. There were 12 

stray dogs, with the remaining 230 dogs being owned. All owned dogs were stated to live 

outdoors. Age was known or estimated in 223 dogs with a range of four months to eight years, 

and 19 dogs were of unknown age. There were 56 dogs of less than 12 months of age, 70 dogs 
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were one year or older but less than two years old, 61 dogs were two years or over but less 

than three years, and 36 dogs were three years or over. The median age was one year. 

 

 

Figure 4.2: Map of the Apia urban area marking the villages from which dogs sampled to 

study infectious diseases originated. The number of dogs sampled from each area is denoted 

by the number in parentheses. 

 

Table 4.1: The household location of 242 dogs sampled to study selected infectious diseases 

compared to the Samoan household distribution from the 2011 Samoa census (Reupena, 

2012b) and the household location of 327 respondents to a questionnaire concerning 

attitudes to dogs in Samoa  (Farnworth et al., 2012).  

Location % in this study % in 2011 Census % in Farnworth study 

Apia 31 20 15 

Rural Upolu 46 57 53 

Savai’i 23 23 23 

Unknown   9 
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Only ten dogs from the study population of 242 had ever previously visited the APS veterinary 

clinic in Apia, and nine of these were from the Apia urban area, with the tenth dog from a 

nearby village. Nine of these dogs had visited for vaccination and worm treatment, with the 

remaining dog having presented for an illness. Only 14 dogs had ever received an anthelmintic 

treatment, and less than half of these had received it within the previous six months. All but 

two of these dogs were from within the Apia urban area. Ten dogs were reported to have ever 

received a flea treatment, although most owners did not know what product had been used or 

when. Four dogs were reported to have been treated two to three months previously. For all 

other dogs it was either unknown or reported as “long ago”. No dogs from Savai’i had ever 

been presented to a veterinarian, been vaccinated or treated with any anthelmintic or 

ectoparasiticide treatment. 

Of the 242 dogs enrolled on the study, blood samples were collected from 237 dogs, faecal 

samples were collected for faecal flotation from 204 dogs and the skin and coat of 221 dogs 

was examined (Table 4.2). 

  



71 

 

Table 4.2: The demographics and tests performed on 242 dogs in the study of selected 

infectious disease of dogs in Samoa. The number and percentage (%) of dogs sampled for 

each variable of interest are provided. 

Variable  Faecal sample 

examined (%)   

n=204 

Skin examined 

(%)  

 n=221  

Total (%)             

n=242 

Age <1 year 46 (22.5) 53 (24.0) 56 (23.1) 

 1 <2 years 59 (28.9) 60 (27.1) 70 (28.9) 

 2 <3 years 52 (25.5) 56 (25.3) 61 (25.2) 

 >3 years 31 (15.2) 33 (14.9) 36 (14.9) 

 Unknown 16 (7.8) 19 (8.6) 19 (7.9) 

Sex Male 149 (73.0) 161 (72.9) 176 (72.7) 

 Female 53 (26.0) 58 (26.2) 64 (26.4) 

 Unknown 2 (1.0) 2 (0.9) 2 (0.8) 

Area Apia urban area 66 (32.4) 65 (29.4) 76 (31.4) 

 Rural Upolu 89 (43.6) 102 (46.2) 110 (45.5) 

 Savai’i 49 (24.0) 54 (24.4) 56 (23.1) 

Lifestyle Stray 5 (2.5) 12 (5.4) 12 (5.0) 

 Owned 199 (97.5) 209 (94.6) 230 (95.0) 

Previous  Ever visited vet 8 (3.9) 9 (4.1) 10 (4.1) 

Veterinary Ever vaccinated 7 (3.4) 8 (3.6) 9 (3.7) 

Treatments Ever dewormed 12 (5.9) 13 (5.9) 14 (5.8) 
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Chapter 5    Prevalence of selected external and intestinal         

parasites in Samoan dogs 

 

5.1 Results 

5.1.1   Faecal examination results 

 Of the 242 dogs enrolled on the study, 204 had faecal samples collected and analysed by 

faecal flotation. In the remaining dogs either the faecal sample obtained was too small to test 

or there were no faeces in the rectum to collect.  Ninety-three of the collected faecal samples 

were then frozen, transported to New Zealand and analysed for Giardia and Cryptosporidium 

spp. at a later date. In the remaining 111 cases, the faecal sample collected was only large 

enough to complete faecal flotation, or was too liquid to transport.  

Faecal examination was positive in 190 of the 204 samples tested (93.1%). Hookworm eggs 

were detected in 185 dogs, giving an overall prevalence of 90.7% (95% CI=85.6-94.2). Giardia 

was the next most common parasite detected, with 27 dogs positive, giving a prevalence of 

29% (95% CI=20.1-39.4). Trichuris vulpis and Dipylidium spp. eggs, coccidial oocysts, Toxocara 

canis and Capillaria spp. eggs, and Sarcoystis sporocysts were also detected in some dogs. 

There were no positive results for Cryptosporidium spp. (Table 5.1 and Figure 5.1).  
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Table 5.1: Faecal examination data from the study of 242 dogs in Samoa sampled for 

selected infectious diseases. The number of positives/total tested (n), prevalence and 95% 

confidence intervals for faecal examination results are provided. 

Parasite Positive /n Prevalence Confidence Interval (95%) 

Hookworm 185/204 90.7% 85.6-94.2% 

Trichuris vulpis 14/204 6.9% 3.9-11.5% 

Dipylidium caninum 9/204 4.4% 2.2-8.5% 

Oocysts 9/204 4.4% 2.2-8.5% 

Toxocara canis 7/204 3.4% 1.5-7.2% 

Capillaria spp. 4/204 2.0% 0.6-5.3% 

Sarcocystis sporocyst 1/204 0.5% 0.0-3.1% 

Giardia spp.  27/93 29.0% 20.1-39.4% 

Cryptosporidium spp.  0/93 0% 0-3.9% 

 

 

 

Figure 5.1: Prevalence of intestinal parasites in faecal examination from 242 dogs from 

Samoa.
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5.1.2   Skin examination results 

Of the 242 dogs in the study, 221 (91.3%) had a skin examination. In 210 dogs examined, 

external parasites were detected (95.0%). Fleas were present on 185/221 dogs (83.7%) and lice 

were detected on 18/221 dogs (8.1%) (Table 5.2 and Figure 5.2). The lice species identified was 

Trichodectes canis. Ticks were present on 93/221 dogs (42.1%) and where a positive 

identification was made, the species identified was Rhipicephalus sanguineus. In a few cases 

no identification was made. No Ixodes spp. ticks were found.  

 

Table 5.2: Skin examination data from the study of 242 dogs in Samoa sampled for selected 

infectious diseases. Number of positives/total tested (n), prevalence and 95% confidence 

intervals for external parasites detected on skin examination are provided.  

Parasite Positive/n Prevalence Confidence Interval (95%) 

Ticks 93/221 42.1% 35.5-48.9% 

Fleas 185/221 83.7% 78.2-88.3% 

Lice 18/221 8.1% 4.9-12.6% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2: Prevalence of external parasites on 221 dogs from Samoa.  
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There was a significant difference in the prevalence of R. sanguineus between the three main 

areas (p=0.013), with significantly more dogs in Savai’i infested with ticks than on rural Upolu 

or urban Apia, with no difference between the latter two areas (Table 5.3). 

 

Table 5.3: Number of positives/total tested (n), prevalence and 95% confidence intervals for 

Rhipicephalus sanguineus infestations of dogs for each area. Data from the study of 242 dogs 

in Samoa sampled for selected infectious diseases.   

Area Positive/n Prevalence Confidence Interval (95%) 

Urban Apia 25/65 38.5% 26.7 – 51.4% 

Rural Upolo 36/102 35.3% 26.1 – 45.4% 

Savai’i 32/54 59.3% 45.0 – 72.4% 

 

 

5.2 Discussion 

Faecal floatation was positive in 93.1% (190/204) of samples. The vast majority of samples 

were positive for hookworm, with or without other parasites (Table 5.1). The overall 

prevalence for hookworm was extremely high, at 90.7% (185/204). Hookworm infection has 

rarely been documented at this high prevalence, but these results are comparable with an 

epidemiological study of dogs from tea growing regions of India, which demonstrated a 

hookworm prevalence of 93% by conventional faecal flotation methods. The dogs in that study 

had similarly low levels of veterinary care with only 2% de-wormed in the previous six months 

(Traub et al., 2002). The tropical climate in Samoa is ideal for the development and 

transmission of hookworm larvae, as is a large and dense roaming canine population (Traub et 

al., 2004).  In addition, with only 5.8% (14/242) of dogs ever having received an anthelmintic 

treatment and only 1.7% (4/242) within the last 3 months, such a high prevalence is not 

surprising (Table 4.2).  The species of hookworm egg was not determined in this study, 

however egg measurements taken on a third visit to Samoa in 2012 (Beckman et al., personal 

communication) suggest that the species is an Ancylostoma spp. which is what would be 

expected in a tropical climate (Prociv, 2003). A highly sensitive and species-specific PCR-RFLP 

test  can be used to determine the Ancylostoma spp. directly from eggs in faeces (Traub et al., 

2004), and this would be a valuable extension of this study.   
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An extremely high prevalence of hookworm infection in dogs could play a significant role in 

contributing to the incidence of HrCLM in human populations. The effect of hookworm on the 

Samoan or tourist population is hard to establish as there are no studies or reports in the 

literature of this kind.  A German study investigating the most frequently diagnosed infectious 

diseases reported in 890 young people returning from the tropics and subtropics 

demonstrated cutaneous larva migrans (CLM) was the sixth most common disease diagnosed 

(Herbinger et al., 2012). In another French study of dematoses in patients following travel to 

the tropics, CLM was diagnosed in 4.8% of patients, however very few subjects in this study 

had visited Oceania (2.4%) (Ansart et al., 2007). Anecdotally, one of the eight students working 

on the 2010 sterilisation campaign with the APS developed suspected HrCLM lesions on the 

foot, following two weeks in Samoa. However, a brief informal survey of dermatologists in 

New Zealand, several of whom have worked for dermatology clinics in Samoa itself, revealed 

that none recall having seen HrCLM lesions in Samoans or tourists returning from Samoa 

(Rademaker, personal communication). Clearly further investigation is required to establish 

the incidence of HrCLM or other manifestations of hookworm infection in humans in Samoa 

and to determine the effect of such a high prevalence in the canine population. All 

Ancylostoma species are capable of producing HrCLM in humans, although it is A. braziliense 

that is most commonly implicated and produces the most severe and prolonged lesions 

(Prociv, 2003). 

Given that canine hookworm is highly endemic among dogs in Samoa, precautions to prevent 

human infection should be recommended to both local and tourist populations. Current 

recommendations for endemic areas include wearing protective footwear when walking on 

the beach or contaminated soil. When lying on tropical beaches potentially frequented by 

dogs, areas of sand that have been washed by the tide are preferable to the dry sand, and 

mattresses to towels. Avoiding beaches frequented by dogs or banning animals from the beach 

has been shown to be very difficult (Hochedez and Caumes, 2007), however there are some 

dog free villages and resorts in Samoa which may pose less of a public health threat. 

Importantly, any suspect lesions should be investigated and treated by a medical practitioner. 

Giardia was also shown to be endemic in Samoan dogs, with a prevalence of 29% (27/93) 

(Table 5.1). The parasite is found in dogs worldwide, and prevalence studies have varied from 

very low to as high as 55.2%. The higher prevalences tend to occur in studies examining shelter 

and kennelled dogs (Itoh et al., 2005; Upjohn et al., 2010), in younger populations, and in 

winter months (Fontanarrosa et al., 2006; Gates and Nolan, 2009b; Little et al., 2009). Some 

recent studies have shown that Giardia spp. cysts are becoming more commonly detected in 
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dogs than helminth eggs, though usually without any overt clinical signs of infection (Little et 

al., 2009; Palmer et al., 2008a). Dogs can harbour Giardia spp. infections of both host-specific 

and zoonotic assemblages and the zoonotic importance of infection in dogs depends on the 

assemblages isolated (Caccio and Ryan, 2008). Determination of the Giardia assemblage 

requires PCR on DNA extracted from the faeces (Caccio and Ryan, 2008). Further research into 

the assemblages carried by dogs in Samoa is needed to assess the zoonotic potential and the 

importance it may have to public health.  Giardiasis is the most common parasitic infection 

affecting humans worldwide, with the majority of infections acquired by drinking 

contaminated water sources.  Children are most at risk of contracting the infection. As with 

dogs, many human infections are asymptomatic, however when symptoms do occur they can 

range from an acute to intermittent to chronic non-bloody diarrhoea (Thompson, 1998b). The 

majority of Samoan dogs are roaming and free to defaecate anywhere, so there is potential for 

contamination of water or food sources if the assemblages are found to be zoonotic. However 

even the presence of a potentially zoonotic assemblage does not confirm zoonotic 

transmission. Ideally, a longitudinal study that tests and subtypes at multiple loci all positive 

Giardia samples from both pets and people in the same setting, would be needed to 

definitively determine the role of dogs in the transmission of Giardia to humans (Ballweber et 

al., 2010). Recommendations to prevent Giardia infection in humans include maintaining good 

personal hygiene and hand washing, especially when preparing food, avoiding contaminated 

drinking water and cleaning up and disposing of dog faeces (Anonymous, 2012c).  

No Cryptosporidium spp. oocysts were detected from any of the 93 faecal samples tested by 

direct IFA coproscopy (Table 5.1). Many prevalence studies in dogs have demonstrated a 

worldwide distribution with prevalences ranging up to 45% (Batchelor et al., 2008; Bugg et al., 

1999; Hackett and Lappin, 2003; Lallo and Bondan, 2006; Scorza and Lappin, 2012a; Shukla et 

al., 2006), and in the environment Cryptosporidium oocysts are highly resistant, persisting in 

wet cool conditions for six months or longer (Xiao and Fayer, 2008). It might therefore be 

reasonably hypothesised that Cryptosporidium spp. be detected in Samoan dogs. Human 

studies have shown the direct IFA used in this study is a more sensitive and specific test than 

unconcentrated faecal smears, cytologic staining methods and faecal ELISAs (Scorza and 

Lappin, 2012a; Weber et al., 1991), however the test has not been completely validated for 

use in dogs, which shed lower numbers of oocysts than humans, and therefore could result in 

false negative results (Scorza and Lappin, 2012a). In addition, it is recommended that faecal 

samples requiring storage prior to testing by direct IFA coproscopy are fixed with 10% 

formalin, as this does not interfere with immunodetection methods for Cryptosporidium spp. 
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(Little and Lindsay, 2012), although the evidence for the basis of this statement remains 

elusive. It is therefore possible that storage of the samples in this study by freezing at -800C 

and storage of some samples for periods of over two years prior to testing may have affected 

the results of this test. This may also have affected the Giardia results of this study. Before 

reaching the conclusion that Cryptosporidium infection in Samoan dogs occurs at a very low 

prevalence level or the organism is absent, future studies should examine faecal samples in a 

shorter time frame and with appropriately stored faeces.  

Preventative healthcare of dogs in this study was very low with only 14 dogs (5.8%) reported 

as ever having been de-wormed and only 4 of these (1.7%) within the last 3 months (Table 

4.2). Comparing these results with a questionnaire based study by Farnworth et al. 2012, on 

attitudes towards dog management in Samoa there are some similarities in the populations 

selected; 71% of dogs in that study were male, compared to 72.7% (176/242) in the current 

study. The geographical distribution of samples across both studies was fairly equivalent and is 

shown in Table 4.1 compared with the Samoan household distribution in the 2011 census. 

However there were also some differences, especially relating to previous veterinary 

treatments; 72% of dogs had never visited a vet, compared to 95.9% (232/242) in the current 

study and 12%  had ever been vaccinated, compared to 3.7% (9/242) in the current study. In 

the Farnworth study 19% of dogs were already sterilised, suggesting that these dogs had 

already been presented to the APS clinic or previous mobile clinic for sterilisation. The lower 

figures for previous veterinary care in the present study may indicate that by selecting dogs 

through a free mobile sterilisation clinic, as opposed to randomly, dogs are less likely to have 

had any prior veterinary care. These dogs may be more likely to have certain parasitoses, 

therefore some prevalences may be higher in this study population than compared with that 

of the general Samoan dog population.  People who regularly de-worm and vaccinate their 

dogs may be more likely to take their dog to the vet to be sterilised, rather than wait until a 

mobile clinic visits their village; these animals would have been excluded from this study.  

In Samoa, where there is only one veterinary care provider in one location (Apia, the capital 

city), access to antiparasiticides is difficult. Guidelines provided by the International 

Companion Animal Management Coalition (ICAM) (Anonymous, 2007a), on vaccination and 

parasite treatment as part of humane dog population control, recommend that treatments are 

provided in conjunction with education about responsible ownership, sterilisation and 

registration or identification. Mobile ‘camps’ or clinics can be very effective at drawing 

attention to the importance of preventative treatments, but there is a limit to the distance the 

general public will travel for such a service. This is very clear in this study, for no dogs from the 
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island of Savai’i, where there is no regular veterinary companion animal service, had ever seen 

a veterinarian or received any preventative care previously.  

The range of other intestinal parasites in this study is similar to those reported in previous 

prevalence studies around the world (Fontanarrosa et al., 2006; Little et al., 2009; Palmer et 

al., 2008a). However the prevalence rates in this study were surprisingly low given the relative 

absence of preventative veterinary care, with Trichuris vulpis (6.9%, 14/204), Dipylidium 

caninum (4.4%, 9/204), Toxocara canis (3.4%, 7/204), Capillaria spp. eggs (2.0%, 4/204) and 

Sarcocystis sporocysts (0.5%, 1/204) all detected (Table 5.1). The low levels of D. caninum are 

surprising given that fleas, involved in the lifecycle, were detected on 83.7% (185/221) of dogs 

examined (Table 5.2). A low detection rate may be the cause of this result, as faecal flotation 

has poor detection sensitivity for this particular parasite (Conboy, 2009). For 38 dogs in the 

study, faecal samples were not collected. This was generally due to the rectum being empty, or 

the presence of severe watery diarrhoea making collection of an adequate sample impossible. 

In cases of severe diarrhoea, parasitism such as with T. vulpis or giardiasis may have been a 

cause, but results from these dogs were not able to be included in the study, which could also 

have falsely lowered the prevalence reported. T. canis was detected in 3.4% of samples, a 

surprisingly low prevalence given the relative lack of preventative veterinary care (Table 5.1). 

All seven faecal samples positive for Toxocara eggs were from young dogs; one aged one year, 

four aged six months or less. The remaining two positive samples were from dogs without a 

recorded age, however both dogs were small (10kg) and on the basis of no small breeds being 

included in the study, can be considered immature. Previous studies have reported T. canis 

infections in dogs throughout the world, with some very high prevalences recorded; a study of 

269 dogs in Nigeria reported 33.8% dogs positive on faecal examination, with a prevalence of 

51.4% in puppies up to 6 months (Sowemimo, 2007). A similarly high level was seen in a 

Chinese study, where 45.2% of dogs slaughtered in abattoirs were positive for adult worms 

(Dai et al., 2009).  

The eggs of T. canis are unembryonated when shed. Optimal conditions for their development 

are temperatures of 25 to 30 °C, and a relative humidity of 85 to 95%. Under these conditions 

eggs can develop to the infective L3 stage in as little as 9 to 15 days (Schnieder et al., 2011). In 

Samoa, temperatures vary little with an average of 27 °C (range 23 to 30 °C) throughout the 

year. The rainy season is centred around January with the dry season centred around July and 

August, although monthly precipitation is still approximately 80-150mm in these months 

(Anonymous, 2012a). Climate conditions in Samoa seem ideal for the larval development of T. 
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canis. However sampling for this study was only carried out in the middle of the dry season 

and there is some evidence to suggest that there are seasonal variations in prevalence with 

higher prevalences being recorded in winter months or wet seasons (Sowemimo, 2007). 

Although generally T. canis eggs are very resistant in the environment, temperatures over 30-

350C and desiccation will kill eggs in the environment (Lloyd, 1998a), and it is possible that 

conditions in Samoa in fact do not allow persistence of the eggs in the environment, thereby 

reducing the risk of infection. The effect of any seasonal changes on T. canis infection in 

Samoan dogs could be further investigated by sampling dogs throughout the year, which may 

also confirm whether the prevalence of T. canis is truly as low as reported in this study.  

Age resistance is also seen with T. canis infection in dogs, due to the development of immune 

competence and acquired immunity (Schnieder et al., 2011). A study comparing experimental 

infection with T. canis of 3 week, 3 month and one year old dogs from an ascarid naive colony, 

showed that almost all larvae in the 3 week old puppies had migrated through the tracheal 

migration route. In contrast, most larvae in the 3 month old and one year old group were 

discovered in granulomas in the tissue. It was therefore concluded that the likelihood of 

somatic migration progressively increases from the age of 3 months onwards (Greve, 1971; 

Schnieder et al., 2011). In the current study, no dogs under the age of 4 months were sampled 

as they were estimated less than 10kg. It is therefore possible that the prevalence of 3.4% is 

falsely low, and may in fact be higher when younger dogs are sampled. The possibility of 

missing T. canis eggs present in faecal samples examined by faecal flotation methods is 

unlikely. When present, T. canis eggs are large and obvious and usually present in large 

numbers (Lloyd, 1998a), therefore this is likely to be a true prevalence within the population 

sampled. These results do show that T. canis is present in the canine population in Samoa, and 

with most dogs free to roam and defaecate in areas populated by humans, contamination of 

soil with eggs from infected dogs is inevitable. In addition to infection from the environment, 

there is evidence to suggest that embryonated eggs on the coats of infected dogs may also be 

a source of human toxocariasis to in contact people (Aydenizoz-Ozkayhan et al., 2008). 

Although most infections in humans remain asymptomatic, the consequences of VLM and OLM 

caused by T. canis infection can be permanent and very serious, especially in young children 

(Rubinsky-Elefant et al., 2010).  Examination of faecal samples from puppies in this youngest of 

age groups would be useful in determining the true importance of this zoonotic disease in 

Samoa, as would examination of soil in village areas for contamination with T. canis eggs.  

There was also a very high prevalence of external parasites on dogs in this study, with 95% 

(210/221) of dogs having some kind of external parasitism. Fleas were the most common 
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parasite detected, with fleas detected on 83.7% (185/221) of dogs examined (Table 5.2). This is 

unsurprising given the Samoan climate and lack of flea prevention used. The owners of only 10 

dogs reported to have ever used a flea treatment on their dogs, though most owners could not 

say what product was used or when. Lice infestations were detected on 8.1% (18/221) of dogs, 

all were the species Trichodectes canis. Fleas and lice cause direct harm to their hosts in the 

form of irritation, blood loss, allergy and secondary skin infection. They are also intermediate 

hosts for some tapeworms, such as Dipylidium caninum (Blagburn and Dryden, 2009), and 

several pathogens have been isolated from fleas, such as Leishmania infantum and Borrelia 

burgdorferi, though their competence as a vector has not been proven (Piesman and Happ, 

1997; Quinnell and Courtenay, 2009).  

Ticks were the second most common ectoparasite detected, with 42.1% (93/221) of dogs 

infested, and all ticks positively identified were R. sanguineus (Table 5.2). A small number of 

ticks were not identified due to the poor quality of photographic record; these may have been 

R. sanguineus or another species of tick. R. sanguineus is an important vector of canine 

diseases worldwide, with Ehrlichia canis, Babesia canis, Anaplasma platys, Mycoplasma 

hemocanis, Rickettsia conorii in Europe, Asia and Africa, and Rocky Mountain spotted fever in 

the USA all reported to be transmitted by the tick (Dantas-Torres, 2008; Senevira et al., 1973). 

Some of these are important zoonoses as well as causing disease and potentially death in the 

infected dog. The exposure of dogs to E. canis and A. platys was evaluated in this study (Figure 

6.1) however the investigation of other tick-borne pathogens known to be transmitted 

elsewhere by this vector may be valuable in further evaluating canine health in Samoa.  

There was a higher prevalence of tick infestations on dogs in Savai’i compared with both urban 

and rural Upolu (Table 5.3). However the study’s use of convenience rather than random 

sampling makes these comparisons less reliable. Some conclusions may still be able to be 

drawn however, and these results could indicate that dogs living on Savai’i are more at risk of 

diseases carried and spread by this tick. The higher prevalence could be explained by the fact 

that as a separate island, access to the veterinary care provided by the APS for dog owners on 

Savai’i is much harder; no dogs from Savai’i were reported as having any veterinary treatment 

or preventative healthcare products given. However the rate of any preventative care in this 

study was very low for all regions and where flea treatments were reported as used, it was not 

with any frequency and it was not established whether these products would have been 

effective against ticks as well.  Habitat in which the dog lives and elevation above sea level 

have both been shown to have an effect on the tick infestation prevalence and density, as 

much of the ticks development and survival depends on off-host conditions (Wells et al., 
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2012). However all the villages sampled in this study were close to sea level with similar 

climates and there was little difference in environmental conditions and habitat between 

villages on Savai’i and rural Upolu. The difference in prevalence detected in this study is hard 

to explain, and there is the possibility, given the small sample sizes and convenience sampling, 

that the trends seen may just be due to chance. Any relationship would need to be clarified 

with a larger scale, randomised study. 

Intestinal and external parasitism is clearly a problem in the canine population in Samoa, with 

currently very few preventative measures taken. Some of the intestinal parasitic diseases 

identified in this study are known zoonoses, as well as causing disease in the dogs themselves 

and potentially death in young puppies. A high prevalence of infestation with R. sanguineus is 

an important finding due to its role in transmission of certain vector borne diseases. 

Preventative measures against both intestinal and ectoparasites can be recommended for 

both canine health and to help reduce environmental burden in village areas and therefore 

reduce public health risk. Much research has been done in Europe and the USA into and 

recommendations for gold standard in preventative care for canine and feline parasites have 

been developed. Chapter 7 discusses these in further detail and poses potential 

recommendations for preventative care in Samoan dogs.   
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Chapter 6    Prevalence of selected vector-borne diseases in 

Samoan dogs 

 

6.1 Results 

6.1.1 Descriptive results 

Of the 242 dogs enrolled on the study, 237 had blood samples taken that were analysed. The 

following results are from those 237 dogs (Table 6.1). There were 171 male dogs and 64 

female dogs, and two dogs of unrecorded sex within the sample population. All the dogs 

sampled were the mixed breed “Samoan” dog type predominantly seen in Samoa. There were 

12 stray dogs, with the remaining 225 dogs being owned. All owned dogs were reported to live 

outdoors. Age was known or estimated in 218 dogs with a range of four months to eight years, 

and 19 dogs were of unknown age. There were 53 dogs of less than 12 months of age, 68 dogs 

were one year or older but less than two years old, 61 dogs were two years or over but less 

than three years, and 36 dogs were three years or over. The median age was one year. 

Samples were obtained from all three regions with 75 dogs sampled from the urban Apia area, 

109 dogs from the rural Upolu area and 53 dogs from Savai’i. 

Of the 237 dogs in the sample population, only ten had ever visited the APS veterinary clinic in 

Apia, nine of them for vaccination, and one for treatment for an illness. The vaccine used by 

the APS is the core vaccine against canine distemper virus, infectious canine hepatitis and 

canine parvovirus. Of these ten dogs, nine were from the urban Apia area, and the tenth from 

a neighbouring village just outside. Fourteen dogs had ever been treated with an anthelmintic, 

and less than half of these received this treatment within the previous six months. No dogs 

from Savai’i had ever received a vaccination, worm or flea treatment.  

Twenty dogs tested positive for Anaplasma antibodies by ELISA, giving an overall prevalence of 

8.4% (95% CI=5.2-12.7). For heartworm antigen, 111/237 dogs were positive by ELISA, giving 

an overall prevalence of 46.8% (95% CI=40.3-53.4). There were no positive results for B. 

burgdorferi, E. canis or L. infantum, by antibody ELISA, giving a prevalence of 0.0% (95% CI=0-

1.5%) for each of these diseases (Figure 6.1). 
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Table 6.1: Number (N) and percentage (%) of 237 dogs sampled in the study of selected 

infectious disease of dogs in Samoa for each variable of interest, and number and 

percentage (%) of samples with a positive ELISA test result for heartworm antigen and 

Anaplasma antibody for each variable. 

Variable  N (%) 

n=237 

Heartworm 

(%) 

Anaplasma  

(%) 

Age <1 year 53 (22.4) 10 (18.9) 4 (7.5) 

 >1, <2 years 68 (28.7) 30 (44.1) 7 (10.3) 

 >2, <3 years 61 (25.7) 35 (57.4) 6 (9.8) 

 >3 years 36 (15.2) 24 (66.7) 3 (8.3) 

 Not recorded 19 (8.0) 7 (36.8) 0 (0.0) 

Sex Male 171 (72.2) 88 (51.5) 17 (9.9) 

 Female 64 (27.0) 22 (34.4) 3 (4.7) 

 Unknown 2 (0.8) 1 (50.0) 0 (0) 

Area Urban Apia area 75 (31.6) 18 (24.0) 10 (13.3) 

 Rural Upolu 109 (46.0) 54 (49.5) 3 (2.8) 

 Savai’i 53 (22.4) 39 (73.6) 7 (13.2) 

 

 

Figure 6.1: The seroprevalence of selected vector borne diseases by ELISA in 237 Samoan 

dogs. Dirofilaria immitis (Di), Anaplasma (Ap), Borrelia burgdorferi (Bb), Ehrlichia canis (Ec) 

and Leishmania infantum (Li).  
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6.1.2. Association between prevalence of canine heartworm and age and 

area 

There was a significant association with both age and area of Samoa the dog was from, and the 

seroprevalence of heartworm disease. There was a statistically significant difference (p<0.001) 

between the age categories (Table 6.2 and Figure 6.2), with older dogs having a higher 

seroprevalence than younger dogs. There were significant differences between all age 

categories except between the second and third, and the third and the fourth age categories.  

 

Table 6.2: Number of positives/total tested (n), prevalence and 95% confidence intervals for 

237 Samoan dogs with positive heartworm antigen tests within the four age categories.  

Age category Positive/n Prevalence Confidence Interval (95%) 

<1 year 10/53 18.9% 9.4 – 32.0% 

1 <2 years 30/68 44.1% 32.1 – 56.7% 

2 <3 years 35/61 57.4% 44.1 – 70.0% 

> 3 years 24/36 66.7% 49.0 – 81.4% 

 

 

Figure 6.2: The seroprevalence of heartworm antigen in 237 Samoan dogs by age with 95% 

error bars. There was a significant difference between the four age groups (p < 0.001) using a 

Fisher’s Exact Test, with dogs having an increasing risk of heartworm infection with age. 
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There was also a statistically significant difference (p<0.001) between all the areas, with the 

urban Apia area havening the lowest and Savai’i having the highest seroprevalence (Table 6.3 

and Figure 6.3). Urban Apia is the main town and the base of the APS, the only veterinary care 

available to Samoans. Both rural Upolu and Savai’i consist mainly of small villages, 

predominantly coastal. Savai’i, the second island, is a more remote area with no ready access 

to veterinary care or medicines. 

 

Table 6.3: Number of positives/total tested (n), prevalence and 95% confidence intervals for 

237 Samoan dogs with positive heartworm antigen tests within three Samoan geographical 

areas. 

Area Positive/n Prevalence Confidence Interval (95%) 

Urban Apia 18/75 24.0% 14.9 – 35.3% 

Rural Upolu 54/109 49.5% 39.8 – 59.3% 

Savai’i 39/53 73.6% 59.7 – 84.7% 

Total 111/237 46.8% 40.3 – 53.4% 

 

 

Figure 6.3: The prevalence of heartworm in 337 dogs in three main areas of Samoa with 95% 

error bars. There was a significant difference between the three areas (p < 0.001) using a 

Fisher’s Exact Test. 
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On evaluation of the results, it appeared that there was a trend for dogs sampled from rural 

Upolu and Savai’i to be slightly older than those from the urban Apia area. An ANOVA was 

used to evaluate the difference in heartworm disease between the areas taking into account 

any effect of age, and there was still a significant difference (p<0.001) (Figure 6.4).  

 

Figure 6.4: The prevalence of heartworm in 237 dogs in three main areas of Samoa, divided 
into age groups. There was a significant difference between the three areas (p < 0.001) when 
any effect of age was accounted for (ANOVA).  
 

 

6.1.3. Association between seroprevalence of Anaplasma spp. and area 

There was a statistically significant difference (p=0.009) in seroprevalence of Anaplasma spp. 

between the areas, with the urban Apia area and Savai’i having a higher seroprevalence than 

rural Upolu, though with no difference between the urban Apia area and Savai’i (Table 5.4).  
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Table 6.4: Number of positives/total tested (n), prevalence and 95% confidence intervals for 

237 Samoan dogs with positive Anaplasma ELISA tests within three Samoan geographical 

areas. 

 

 Positive/n Prevalence Confidence Interval (95%) 

Urban Apia 10/75 13.3% 6.6 – 23.2% 

Rural Upolu 3/109 2.8% 0.6 – 7.8% 

Savai’i 7/53 13.2% 5.5 – 25.3% 

Total 20/237 8.4% 5.2 – 12.7% 

 

 

6.2 Discussion 

 

This study is the first to provide epidemiological data on vector-borne diseases of dogs in 

Samoa. The overall prevalence of D. immitis in dogs in this study was 46.8% (111/237), a high 

prevalence for this parasitosis (Figure 6.1). The data from the questionnaire highlight the fact 

that heartworm prophylaxis in dogs in Samoa is very rare, and the climate in Samoa is ideal for 

both development of the microfilariae and the maintenance of a mosquito vector population. 

Therefore a D. immitis prevalence rate of this magnitude can be expected in an endemic area, 

with a large canine population and minimal prophylaxis. Prevalences ranging from 22.4-86% 

have been seen in previous studies in the Asia-Pacific region in countries with a similar climate 

and conditions: in a study conducted in Papua New Guinea, 86% of dogs were positive for 

heartworm disease on necropsy (Hamir and Onaga, 1986); in New Caledonia prevalences of 

22.4-66% have been reported in the stray dog population (Watier-Grillot et al., 2011); and in 

Hawaii a study confirmed a prevalence of 32% in dogs by microfilarial testing (Gubler, 1966). 

Dogs housed outside, as were all the Samoan dogs in this study, have also been shown to be at 

increased risk of D. immitis infection, due to increased exposure to the mosquito vector (Miller 

and Crosbie, 2011).  

There was a significant difference in the prevalence of D. immitis between the different age 

groups, with seropositivity increasing with age in the sample population (Table 6.2 and Figure 

6.2). The highest prevalence rate of 66.7% (24/36) was seen in the oldest age category, dogs 

aged three years and over. This relationship has been seen in previous studies, with higher 
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prevalences recorded in dogs over three (Montoya et al., 1998) and four years old (Lefkaditis 

et al., 2010), and age considered an important risk factor by some authors (Montoya et al., 

1998; Selby et al., 1980), attributed to prolonged exposure of dogs to mosquitoes and a lack of 

prophylactic measures (Montoya-Alonso et al., 2010). The age group with the lowest 

prevalence was dogs aged less than one year old, but for a disease with a prepatent period of 

seven months, a prevalence of 18.9% (10/53) is still very high for this age group (Nelson, 2012). 

This suggests that dogs are being exposed to infected mosquitoes from a very early age, and 

veterinarians must be aware that dogs as young as eight or nine months old may already be 

infected with D. immitis.  

Inclusion in this study depended on presentation for sterilisation, so it could be assumed that 

dogs sampled may not be representative of the age of the general Samoan dog population. 

The median age of dogs recruited was one year old. The APS has been operating in Samoa 

since 1994, and in recent years has held regular free sterilisation campaigns as well as offering 

cost price surgery in the Apia clinic at other times. Therefore it may be assumed that older 

dogs are more likely to have been sterilised already, shifting the sample population age to the 

left. However, despite this service, sterilisation rates in Samoa still remain low, with a recent 

questionnaire study showing only 19% of owned dogs were sterilised (Farnworth et al., 2012). 

This may in part be due to the difficulty in accessing the veterinary services offered by the APS 

for some people in remote rural locations. Samoan dogs also receive very little preventative or 

veterinary care, and may generally have a short life expectancy. Taking this into consideration, 

the age distribution seen in this study is likely to be closer to that of the general population 

than might otherwise be expected. If indeed this study population is young, then the real 

prevalence of canine heartworm disease of dogs in Samoa is in fact likely to be even higher 

than our finding of 46.8%, given that risk increases with age.  

There was a significant difference between the Apia urban area, where the lowest regional 

prevalence of 24% (18/75) was seen, and the other two more rural and beach side regions of 

rural Upolu and Savai’i (Table 6.3). There was no significant difference between rural Upolu’s 

prevalence of 49.5% (54/109) and the prevalence in Savai’i of 73.6% (39/53). There is little 

difference in the climate between these three regions, but the increased prevalence in rural 

regions might be due to a higher mosquito density and therefore increased risk of mosquito 

bites. Access to veterinary care and products is also harder for dog owners in rural 

communities, and this is evident in the fact that almost all dogs that had ever received 

vaccines or anthelmintics were from within the Apia urban area.  This, albeit mildly, increased 

access to veterinary medications and care might also help keep the prevalence lower in this 
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region, however there was no evidence than any dog enrolled on the study was receiving 

regular heartworm prevention. In previous studies examining prevalence between areas, any 

significant differences are usually attributed to differing climates and conditions (Miller and 

Crosbie, 2011; Montoya-Alonso et al., 2011), however as all Samoa has a similar tropical 

climate this cannot be used to explain these findings. Mosquito abundance depends on a 

number of factors including climate, habitat and availability of standing water containers. 

There is evidence that the preference of mosquitoes for urban, rural or coastal habitats and 

hotter, cooler, wetter or drier climates varies between different species (Braks et al., 2003; 

Reiskind and Lounibos, 2012). Without knowing what species is the vector for heartworm in 

dogs in Samoa, it is hard to hypothesise what habitat would be preferred. 

The high prevalence of dirofilariasis in Samoa means there is a significant risk to any 

uninfected dog. To reduce this risk, a heartworm prevention program needs to be introduced, 

and both owner and veterinary awareness of the problem needs to be raised. Current 

recommendations from the American Heartworm Society (AHS), include year round 

preventative care e.g. monthly prophylaxis with an oral or topical macrolytic lactone product, 

and annual antigen testing in all dogs aged 8 weeks and older (Graham et al., 2012). Yet 

despite veterinary and owner awareness in the USA, poor owner compliance is a problem, and 

it is estimated that less than 50% of pet dogs in the USA receive preventative medication year 

round (Bowman et al., 2007; Gates and Nolan, 2010). Furthermore, only 51% of clinics actually 

recommend annual testing of dogs (Bowman et al., 2007). A study looking at the diagnosis and 

treatment of heartworm in dogs in shelters in the USA, where resources may be limited, 

showed that the primary reason for not adhering to the AHS guidelines for management was 

the costs associated with providing the care (Colby et al., 2011). These gold standard 

recommendations may not be practical in Samoa, where there are also financial 

considerations, and it should be considered in introducing a preventative program that good 

compliance is important for a program to be effective. New studies should be carried out in 

the future to evaluate the efficacy of any preventative programs introduced. 

Adulticidal treatment of dogs infected with heartworm is recommended, ideally following a 

diagnostic work up to assess the severity of disease, however large numbers of adulticide 

treatments have been performed successfully with minimal diagnostic evaluation (Graham et 

al., 2012). A three dose protocol of melarsomine, used with doxycycline, glucocorticoids and a 

heartworm preventative is the recommended treatment regime (Graham et al., 2012), 

although again this may prove to be too expensive for many dog owners in Samoa. If adulticide 

treatment is unavailable or contraindicated, the long term use of ivermectin with doxycycline 
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has been described, and may result in a reduction of heartworm burden or even result in a 

cure; ivermectin has some adulticidal as well as microfilaricidal properties (Bazzocchi et al., 

2008; Graham et al., 2012; Grandi et al., 2010).  

D. immitis is zoonotic, and can result in the pulmonary form of human dirofilariasis. The 

nematode is almost always unable to develop to maturity in humans, and lesions are the result 

of pre-adult worms lodging in the pulmonary vasculature where they form solitary nodular 

pulmonary granulomas, radiographically known as coin lesions (Simon et al., 2009). Humans do 

not become microfilaraemic and are usually free of symptoms. However, nodular pulmonary 

lesions detected by radiology raise the suspicion of malignant tumour, tuberculosis, fungal 

infections and other serious diseases and may initiate an invasive and expensive diagnostic 

work up to reach a definitive diagnosis (Theis, 2005). Studies have shown that human 

pulmonary dirofilariasis may be under-diagnosed (Muro et al., 1999; Simon et al., 2005) and 

that higher seroprevalence rates in humans are present in regions where levels of canine 

infection are high (Montoya-Alonso et al., 2011).  

The point of care ELISA (SNAP 4Dx, IDEXX Laboratories, Westbrook, ME) used in this study 

detects D. immitis antigen in circulation. These antigen tests are the recommended method for 

screening and diagnosis for canine heartworm disease, as per the AHS (Graham et al., 2012). 

The kit used has been shown to have an excellent specificity of 97%, and a good sensitivity of 

84% at low heartworm burdens (<4 adult female heartworms). This sensitivity improves as 

heartworm burden increases (Atkins, 2003), but false negative results may occur when worm 

burdens are very low. False positive results are unlikely. 

The presence of Anaplasma spp. has never before been documented in Samoa and data for 

countries elsewhere in the Pacific are sparse. In this study, the overall seroprevalence of 

Anaplasma spp. was 8.4% (20/237) (Figure 6.1). The point-of-care ELISA test kit (SNAP 4Dx, 

IDEXX Laboratories, Westbrook, ME) used detects antibodies to both A. phagocytophilum and 

A. platys, therefore a positive result may be due to exposure to either of these organisms 

(Chandrashekar et al., 2010). As a general rule, A. platys is the predominant Anaplasma spp. in 

the Southern Hemisphere (Abarca et al., 2007; Sanogo et al., 2003; Santos et al., 2009) and 

Asia-Pacific region (Brown et al., 2001; Inokuma et al., 2002; Pinyoowong et al., 2008), whereas 

A. phagocytophilum is more commonly seen in the Northern Hemisphere, where it follows the 

distribution of Ixodes spp. ticks (Diniz and Breitschwerdt, 2012; Swanson et al., 2006). No 

Ixodes spp. ticks have been reported previously in Samoa, and a concurrent study of 

ectoparasites on Samoan dogs in the current sample population, showed 42.1% (93/221) of 



92 

 

dogs were infected with ticks, and all ticks positively identified were confirmed as 

Rhipicephalus sanguineus, the vector of A. platys (Table 5.2). No Ixodes spp. ticks were 

detected. For these reasons is can be assumed that the Anaplasma species present in Samoa is 

most likely to be A. platys. To confirm this hypothesis further testing including PCR will be 

performed to distinguish between these two Anaplasma species. From a public health 

perspective, A. platys is the better of the two infections, as the organism is currently 

considered of low zoonotic relevance (Otranto et al., 2009b). 

There was a significant difference in seroprevalence of Anaplasma spp. in the sample 

population between results in the three areas examined, with dogs in rural Upolu having a 

significantly lower seroprevalence (2.8%, 3/109) compared with those in urban Apia (13.3%, 

10/75) and Savai’i (13.2%, 7/53) (Table 6.4). This cannot be easily explained; when compared 

with the difference in prevalence of R. sanguineus infections in dogs, the highest prevalence 

was seen in dogs from Savai’i (59.3%), however Apia and rural Upolu had a similar lower 

prevalence (38.5% and 35.3% respectively) (Table 5.3). Given the small sample sizes and lack of 

random sampling, there is the possibility that these trends seen may just be due to chance. 

The point-of-care ELISA test kit (SNAP 4Dx, IDEXX Laboratories, Westbrook, ME) used in this 

study is a diagnostically accurate test for detecting exposure and seroprevalence to Anaplasma 

spp. It is both sensitive (99.1%) and specific (100%) when compared with IFA (Chandrashekar 

et al., 2010), and in addition is quick and easy to use without the need for any specific 

laboratory equipment or training. However, a positive antibody result does not always indicate 

current infection; antibodies may persist beyond the resolution of clinical infection (Egenvall et 

al., 1997; Gaunt et al., 2010), and many naturally infected dogs remain healthy with no sign of 

clinical illness (Beall et al., 2008).  

None of the dogs tested were seropositive for E. canis (Figure 6.1), which is surprising given 

the high number of dogs in Samoa infested with its primary vector, R. sanguineus. In most 

countries the distribution of E. canis follows that of its vector, although some countries such as 

Australia appear to be free of E. canis, despite R. sanguineus being widespread throughout 

much of the country (Irwin, 2001). In a study into animal health in Samoa conducted in 1997 

six out of ten dogs tested positive for antibodies to E. canis (by IFA test) (Martin, 1999). This is 

at odds with the findings of the current study. The E. canis part of point-of-care ELISA test kit 

(SNAP 4Dx, IDEXX Laboratories, Westbrook, ME)  used in this study is calibrated to be positive 

at titres greater than 1:160 (Harrus et al., 2012) so at lower titres the test is less sensitive than 

IFA. However sensitivity and specificity are still excellent (96.2% and 100% respectively) when 
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compared with the IFA (Chandrashekar et al., 2010). In dogs experimentally infected with E. 

canis, serum IgG antibodies generally appear by 15 days post-infection (Waner et al., 2001). In 

untreated dogs, antibody titres peak at 3-5 months post infection before starting to fall again. 

In some dogs serum antibodies may remain elevated for as long as three years or even life in 

some cases (Bartsch and Greene, 1996; Harrus et al., 1998b; Perille and Matus, 1991). This 

provides a long window for the detection of antibodies in, often clinically healthy, infected 

dogs, by serology. Zero samples positive means either the organism is absent from Samoa, or 

the seroprevalence is very low, below 1.5%. This was an unexpected finding, and further 

testing using PCR or IFA would help to confirm that this is a true finding and not a problem 

with the test kit used or due to low antibody titres going undetected by the ELISA used in this 

study. It is possible in the previous study (Martin, 1999), the IFA was cross reacting with 

another Ehrlichia species. The IFA is known to cross react with Ehrlichia chaffeensis and 

Ehrlichia ewingii resulting in false positives, however the same may be true for the ELISA 

(O'Connor et al., 2006). It may also be possible that there was cross reactivity with an 

Anaplasma species, such as A. platys.  

There were no antibodies demonstrated to either B. burgdorferi or L. infantum in any dogs in 

this study (Figure 6.1). This was as expected for Samoa and other Pacific regions. The global 

distribution of B. burgdorferi follows that of its Ixodes spp. tick vectors and in general occurs in 

the Northern hemisphere in temperate, cooler climate conditions (Greene et al., 2012). Ixodes 

spp. ticks have not been proven to be present in Samoa in either this study or in any previous 

reports. Leishmania tends to occur in warmer climates where a competent sand fly vector is 

present. Approximately 70 of 1000 known sand fly species are able to transmit leishmaniasis 

(Murray et al., 2005) but there is no evidence that a competent sand fly vector exists in Samoa. 

Most maps showing the global distribution of Leishmania, Southeast Asia, Australia, New 

Zealand and the Pacific are markedly free of the parasite (Baneth and Solano-Gallego, 2012). 

However recently there have been reports to suggest that Leishmania distribution may be 

wider than previously thought (Thompson and Conlan, 2011). In 2004, the first autochthonous 

case of leishmaniasis was reported in kangaroos in Australia, involving a novel species of the 

parasite (Rose et al., 2004). There have also been cases reported in Thailand and East Timor, 

raising the possibility of vectors in the Asia-Pacific area (Thompson and Conlan, 2011). There 

have been no reported cases of human or canine leishmaniasis in Samoa or the surrounding 

Pacific region, and this region is assumed to be free of the disease. However this may be due 

to a lack of surveillance studies investigating the presence of the disease in dogs, humans or 
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any other species. Given this and the findings of this study, it is highly likely that these two 

organisms are absent from Samoa, although a very low prevalence cannot be ruled out.  

There were certain exclusions in this study to ensure that large blood samples were not taken 

from small or unwell dogs. This meant that very visibly unwell dogs were excluded, which may 

have been more likely to be suffering from certain parasitic or vector borne diseases, such as 

heartworm disease and ehrlichiosis among others. By excluding dogs which may have been 

exhibiting clinical signs of the diseases being tested for, prevalences reported in this study may 

be falsely low. In addition, the sampling period for this study was relatively limited. Any 

seasonal variation in diseases or their vectors would not be accounted for, although the 

climate in Samoa is fairly similar year round.  Sample collection was also limited to villages the 

mobile clinic was visiting. For the most part there was a good spread across the two main 

islands, although it is possible by limiting sample collection to these areas hyperendemic areas 

of infections were inadvertently missed or included in the study. 

  



95 

 

Chapter 7   General discussion 

 

The findings of this study are important from both a veterinary and public health standpoint. 

They demonstrate that intestinal and external parasitism is clearly a problem in Samoan dogs, 

with very few preventative measures currently taken. An extremely high hookworm 

prevalence of 90.7% was detected (Table 5.1). Coupled with a dog population that is allowed 

to roam freely throughout towns and villages, defaecating anywhere, such a high prevalence of 

this zoonotic disease in dogs could pose a public health threat (Hochedez and Caumes, 2007). 

Further investigation into the species of hookworm present in Samoan dogs, by PCR-RFLP, 

would provide valuable information, as would studies investigating the incidence of hookworm 

related disease in people. Giardia spp. oocysts were also detected in 29% of dogs tested (Table 

5.1). Further investigation of the Giardia assemblage detected in the canine faecal samples, by 

multi-locus PCR, would help to assess the zoonotic potential of this disease in Samoa. A study 

assessing assemblages from humans and dogs in the same setting would be ideal in 

determining the role of dogs in the transmission of Giardia to humans (Ballweber et al., 2010). 

A high prevalence of the tick R. sanguineus (42.1%) is an important finding with regard to its 

potential to transmit infectious disease (Table 5.2). It is likely to be the vector of the 

Anaplasma species detected in this study. Given its presence, the investigation of other vector-

borne diseases transmitted by this tick, such as Babesia canis, Mycoplasma hemocanisI and 

Rickettsia conorii would be an interesting extension of this study. Another area for future 

research would include expanding this study to include other canine infectious diseases such 

as leptospirosis.  

The high prevalence of D. immitis (46.8%) means there is a significant risk of heartworm 

disease to the canine population (Figure 6.1), and there is a need for veterinary awareness and 

owner education on the severity of this disease. Hopefully this data will encourage the use of 

heartworm prevention in dogs in Samoa, although the associated costs will be a consideration 

for many Samoan dog owners. The knowledge that an Anaplasma spp., likely A. platys, is 

endemic in Samoa, with a seroprevalence of 8.4% detected in this study (Figure 6.1), also 

provides useful information for veterinarians, and it should be considered a differential 

diagnosis in cases where thrombocytopaenia or bleeding symptoms are observed. However, 

PCR is needed to determine which Anaplasma species is present in Samoa. Findings in the 

present study suggest that E. canis, B. burgdorferi and L. infantum are either absent or are 

present at a very low prevalence in dogs in Samoa (Figure 6.1). In addition, the prevalence of 
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canine dirofilariasis provides information for medical practitioners in order that D. immitis 

infection may be considered as a differential diagnosis for pulmonary nodules in humans. The 

presence of A. platys however is considered of little zoonotic relevance (Otranto et al., 2009b).  

An important limitation of this study is the non random selection of the study population. The 

study design was essentially a convenience sample for a pilot study and so only animals 

voluntarily presented for sterilisation on the selected days were included. This could have 

affected the age and health status of the study population compared with the general canine 

population in Samoa, which could mean that the prevalences stated in this study are not 

representative of the general population. Any further studies should aim to sample randomly 

and throughout the year to minimise any seasonal bias.  

Given the high levels of intestinal and external parasitism, and canine heartworm infection 

detected in this study, preventative healthcare measures should be recommended to dog 

owners in Samoa. This would not only help to improve the health status of the dogs treated, 

but would also help to reduce the environmental burden of parasites, reducing the risk of 

infection being transmitted to other dogs, or potentially to humans where zoonotic disease is 

concerned.  Much research has been done in Europe and the USA into parasite control, and 

recommendations for gold standard in preventative care for canine and feline parasites have 

been developed (Anonymous, 2010c, 2011). For endoparasites, control of parasite eggs or 

larvae in the environment is essential to minimise the infection pressure to humans and 

animals for parasites where eggs are passed in the faeces. All cestode and nematode eggs are 

highly resistant in the environment and may persist in soil for months or years (Anonymous, 

2010c). Appropriate disposal of faeces, on a daily basis is recommended. Fencing roaming dogs 

and leash laws in urban areas where density may be high is also important. Implementation of 

comprehensive parasite control programs is also important in preventing initial parasite 

environmental contamination (Anonymous, 2010c). In a country where canine heartworm 

disease is endemic, an endoparasite control program would include de-worming all puppies 

fortnightly from 2-12 weeks of age, and then monthly treatment with a heartworm 

preventative that also covers intestinal worms, such as a macrolytic lactone product, 

throughout adult life (Anonymous, 2011). In addition, control of ticks and fleas with regular 

and year round application of an approved product which will treat and prevent both ticks and 

fleas should be recommended, and dogs should be inspected regularly to check for ticks 

(Anonymous, 2012b). 
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Owner compliance to these strict recommendations has been shown to be poor, even in a 

relatively wealthy western country with good pet health awareness among owners (Bowman 

et al., 2007; Colby et al., 2011). Instigating programs such as these to all dogs in Samoa may be 

unrealistic, due to both cost and owner awareness of the diseases. Some pet ownership 

education is already provided by the APS, and cost price anthelmintics and ectoparasiticides 

are available through the organisation. A report on humane canine population management by 

ICAM suggests that the provision of free preventative treatments should be done with caution 

as there is a risk of de-valuing general veterinary services. Such treatments also need to be 

provided regularly to be effective, and so repeated access to such services should be 

considered (Anonymous, 2007a). Continuing this work and widespread awareness campaigns 

on the importance of preventative veterinary healthcare, alongside increased access to the 

necessary treatments would also be beneficial. The cost of this work for a not-for profit 

organisation such as the APS could be considerable and needs to be taken into account.  

As well as preventative health care for the dogs, precautions to prevent human infection by 

zoonotic parasites should be recommended to both local and tourist populations. 

Recommendations for preventing hookworm transmission include wearing protective 

footwear when walking on beaches or contaminated soil and care to lie only on sand which 

has been washed by the tide (Hochedez and Caumes, 2007). For preventing infection with 

parasites transmitted by the faecal-oral route, such as Giardia, maintaining good personal 

hygiene and hand-washing, especially when preparing food and after handing animals, is 

particularly important (Anonymous, 2012c). Owner education to raise the profile of these 

diseases and their relevance to public health may also help to encourage compliance with 

introducing preventative care to their dogs. Through education the importance of preventative 

measures for zoonoses transmission such as good hygiene, removal and disposal of dog faeces 

promptly and regular anthelmintic treatment of dogs can be explained and subsequently 

implemented. Legislation to require dog owners to register their animals, to fence roaming 

dogs and to pick up and dispose of faeces in public areas could also be an option to help 

reduce the number of free roaming dogs which in turn would reduce dog fouling of public 

areas thereby reducing the environmental parasite burden and subsequent risk to humans. 

There are already some dedicated dog free villages and beaches in Samoa, and this initiative 

should be encouraged to help reduce the risk of zoonotic diseases, especially HrCLM and 

toxocariasis.  

Further to the results of this study, speciation of both hookworm and Anaplasma spp., by PCR-

RFLP and PCR respectively, would enhance our understanding of the zoonotic potential of 
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these diseases in Samoa, as would multi-locus PCR on Giardia to ascertain whether zoonotic 

assemblages are present in the canine population. Future studies in Samoan dogs could 

include widening the diseases investigated to include other canine infectious diseases such as 

leptospirosis and Babesia canis. In addition, human studies investigating the prevalence of 

hookworm related diseases in Samoa would help to establish the importance and relevance of 

the findings in this study with regard to public health. Future prevalence studies following the 

implementation of any of the prevention strategies detailed in this chapter would be useful to 

assess their efficacy. 
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Appendix 1: Questionnaire completed by the owner of the dog    

 

 

 

Samoa canine study questionnaire 2011 

 

Sample number: ____________   

 

Area from: _________________________________________ 

 

Dog details: 

Dog name: ___________________        Colour: ___________________ 

Breed:   Samoan mix □  Other breed □ _______________ 

Approx weight: ______________________ 

Age:    ________________ known □ estimated □ 

Sex:   Male □ Female □ 

Lifestyle:     Pet □       Stray □ Indoors □ Outdoors □ 

 

Ever been seen by a vet before   Yes □   No □ 

If yes, what for? _______________________________________ 

Ever vaccinated  Yes □   No □  Unsure □ 

 If yes, when? _________________________________________ 

 Vaccine type:      core (DHP) □  Lepto □ Unsure □ 

Ever treated for worms, mites or fleas            Yes □    No □   Unsure □ 

 If yes, when? _________________________________________ 

With what product? ___________________________________ 

 


