CHAPTER I
INTRODUCTION

Domestic dogs (Canis familiaris) are perhaps closest to humans as their best friend from the prehistoric time. They were domesticated as pets under controlled management. Hence, street dogs, wild and feral dogs are still found in different countries. Stray dogs are mostly native dogs of non descriptive breed and usually fed on the tales (dustbin) around the urban area and thus always come in contact with the wild animals, birds and domestic animals. As they are the usual connectors between people and nature, dog diseases are the common sources of infection for pets, domestic animals and wild life. Stray dogs also act as a source of numbers of diseases with public health significance and responsible for zoonosis. 

A vast diversity of diseases occurs in dogs which like parasitic, infectious and noninfectious miscellaneous diseases; but in contrast relatively few studies conducted on urban stray dogs diseases through the world yet (Beck, 1973 and Fox et al., 2006).

Numbers of diseases transmitted from stray dogs to human population has also been reported where dog bite can be serious and many infectious agents have been identified at the site of a bite (Talan et al., 1999) and death from bite trauma has also been reported (Pinckney and Kennedy, 1982).
Ectoparasites are the common and pivotal cause of skin diseases in dogs. They can transmit various diseases and produce hypersensitivity disorders, pruritus, itching alopecia as well life-threatening anemia in young or debilitated animals (Araujo et al., 1998). Bangladesh provides favorable habitats and climate for the survival and multiplication of haematophagous arthropods, such as fleas, ticks, mosquitoes, mites, lice, tabanids and sand flies. The most frequently reported canine ectoparasitic disease is sarcoptic mange. It is a highly contagious non-seasonal pruritic skin condition caused by a burrowing mite called Sarcoptes. scabiei var. canis and also frequently attacks man (Soglia et al., 2007). Apart from this, canine demodeciosis caused by Demodex canis and ear mite Otodectes cynotis are commonly reported in dogs (Chang et al., 1990; Park et al., 1996 and Hewitt et al 1971). Various studies have found that Ctenocephalides felis, Ctenocephalides canis, and Pulex irritans are the 3 most common flea species on dogs causing pruritus, hypersensitivity and allergic dermatitis (Quinn et al., 1997). Hypersensitivity to flea saliva is common in the human population and may be associated with pet ownership. Dipylidium caninum infection has been diagnosed in children as a result of swallowing infected fleas (Kalkofen et al., 1974). Dog lice (Trichodectes canis and linognathus setosus) are species specific and have no public health significance (Quinn et al., 1997).Rhipicephalus sanguineus, haemaphysalis leachi, Dermacentor sp, Hyaloma plumbeum etc. are the most prevalent tick species of dogs in Asia resulting clinical illness from blood suckling activity (Quinn et al., 1997).
Among the endoparasites the intestinal nematodes are most frequently reported in dogs. Ascarids, Hookworm, Strongyloids, whipworm and Trichinella spp. are the most common intestinal nematodes in dog (Samad, 2000). Parasites of the Ascaris family (Toxascaris leonina) and the Toxocara family (Toxocara canis) are commonly found (Fahrion et al.,2008; Guillot, 2007 ;Cisek et al., 2004 and Pietsch et al., 2002) and Guillot (2007) established that T. canis also infects humans. Ancylostoma caninum and Uncinaria stenocephala are the two genera of hookworm important in dogs which causes pathogenicity by blood sucking activities producing anemia and intestinal ulceration. Hookworm larvae migrating through human skin provoke as inflammatory response termed as clinical larva migrants. (Schnieder et al., 1994). The species of whipworm found in dog is Trichuris vulpis parasitize in large intestine may sometimes produce minute lacerations and consequent hemorrhage. Strongylus. starcoralis may also transmissible to man through skin contact. (Hendrix et al.,1987). Other parasites like blood fluke and tapeworms (Dipylidium caninum) are also reported in stray dogs (Thrasher, 1964). 

Large diversity of infectious diseases with bacterial and viral etiology is very common in stray dogs. Tuberculosis and Leptospirosis is the most frequently reported bacterial diseases in dogs in the south Asia (Sherding, 1994). Tuberculosis is a chronic granulomatous disease of animal and man, caused by mycobacterium species, which are curved or rod shaped filamentous acid fast bacteria and usually involves the lungs as well other organs of body (Samad, 2000). Leptospirosis is caused by several serovers of Leptospira interrogans, a filamentous, motile spirochete that infects most animals and produce clinical disease in dogs leading to renal failure. (Sherding, 1994). Among other infections of dogs Borreliosis (lyme disease) is mainly a joint disease. Brucellosis is mainly a cause of impaired reproductive function. Bordetella bronchoseptica is associated with canine infectious tracheobronchitis complex and tetanus causes severe neuromuscular dysfunction. Salmonellosis, campylobacteriosis, yersiniosis and Tyzzer disease primarily involve the intestinal tract. Actinomycosis and nocardiosis are cause of pyothorax and chronic skin disease (Sherding, 1994).
Among the viral diseases, Canine distemper (CD) is an acute to subacute contagious febrile and often fatal disease in dogs with respiratory, gastrointestinal and central nervous system (CNS) manifestation (Appel, 1987; Greene and Appel, 1998). The disease caused by canine distemper virus (CDV), a morbillivirus of paramyxoviridae family that have enveloped virions and a negative-sense single stranded RNA genome. Young and unvaccinated dogs are most commonly affected by severe generalized distemper. (Nelson and Couto, 1998). The broad spectrum of clinical signs hampers clinical diagnosis of canine distemper and renders necessary laboratory confirmation (Jones et al., 1997).  Canine distemper may often confuse with rabies and requires differential diagnosis (Arko, 1973).  The RT-PCR has been used in different clinical samples as a useful, fast, sensitive, and specific method to diagnose CDV infection in dogs (Frisk et al., 1999; Gebara et al., 2004; Saito et al., 2006; Amude et al., 2006) where routine diagnosis of CDV by immunofluorescence (IF) test have relatively low sensitivity (Appel, 1987).
Rabies is caused by a rhabdovirus that can infect virtually all warm- blooded animals. It is endemic in Bangladesh and according to WHO more than two thousand people die of rabies here every year (http://apcri.org. rabies scenario in Bangladesh). Laboratory analysis of rabies virus includes direct fluorescent antibody test (DFA) or histopathology from the brain and salivary tissue samples of rabid dog (Sherding, 1994; Quinn et al., 1994). 

Besides these infectious canine hepatitis (ICH) caused by canine adenovirus type 1 (CAV-1) require serological or histopathological tests for definite diagnosis. Canine parvovirus (CPV-2), corona virus, rotavirus and possibly astrovirus have been established as causes of viral enteritis and diarrhea in dog (Sherding, 1994).

Several other miscellaneous diseases and disease conditions may be found in stray dogs. Transmissible venereal tumor (TVT) of dogs is a contagious neoplasm, transmitted commonly by coitus and occurs on the external genitalia of either sex which is also known as Sticker’s carcinoma. (Donald and Richard, 2007). They are cauliflower like, pedunculated or papillary, multilobulated, firm and friable in appearance and ranges from a small nodule (5 mm) to a large mass (>10 cm) in size. TVT tends to be common where dogs are allowed to run free and is rare where dogs are controlled, i.e. the stray dogs are commonly susceptible. In scavenging, malnourished and immunosupresssed population metastasis is common as sequelae to the primary lesions. (Jeanne, 1998). TVT can be diagnosed histopathologicaly appreciating round, ovular polyhedral cells with indistinct boundaries and poorly stained or clear cytoplasm. The nuclei are large foamy in proportion with many chromatin granules. (Donald and Richard, 2007). 

Other than TVT Anthracosis is also a noninfectious but important pathological condition in lungs. It is the deposition of carbon or coal dust in the lungs. It is so frequent in city dwellers animal especially in dogs, horse and mules used in and around coal mines (Runnells, 1960; Jubb and Kennedy, 1985; Jones and Hunt, 1983). 

Bangladesh agricultural university (BAU) campus is a semi urban area loaded with hundreds of stray dogs. In recent days they are come in more close contact with domestic food animals, pets and human for their increasing trend of population and feeding habit. They are now considered as nuisance and a risk factor for zoonosis .Worldwide outbreak of many zoonotic diseases and increasing public awareness about them made the issue more important. Therefore, it is important to detect the disease incidence in stray dogs  evaluate the health risk for our pets, wild and food animals as well for better understanding about the risk of zoonosis. As in stray dogs the clinical examination is difficult, systematic pathological study to discover clues about the occurrence of diseases would be a convenient method. Keeping these things in mind, this study was designed with the following objectives: 
1. To identify the incidence of various diseases in stray dog at BAU campus.
2. To consider the risk of zoonosis from stray dog diseases.
3. Application of molecular technique to diagnose canine distemper (CD) and highly pathogenic avian influenza (HPAI) from the suspected dogs.

CHAPTER II
REVIEW OF LITERATURE

The available literatures, pertinent to the present study are reviewed in the following paragraphs. For the convenience of the description, the literatures were presented under several headings and subheadings.
2.1 Parasitic diseases

2.1.1 Ectoparasitic diseases 

According to Delmage (1972) alopecia is hairlessness and may be caused by various skin diseases, deficiency diseases and abnormal function of adrenal cortex. Some of the alopecia had also neurological basis and some dogs tended to shed hairs in a warm climate. 

Araujo et al. (1998) reported that Ectoparasites may also cause life-threatening anemia in young or debilitated animals. Some ectoparasites of dogs, notably fleas and mites can infest humans and may lead to the development of illness and transmit vector-borne diseases.

The most frequently reported canine ectoparasitic disease is sarcoptic mange caused by a burrowing mite called Sarcoptes. scabiei var. canis which also frequently attacks man (Soglia et al., 2007). Sarcoptic mange is a highly contagious non-seasonal and pruritic skin condition.

Haas et al. (2005) conducted a study on contrast of human mite and dog mites (Sarcoptes scabiei var. canis) using Enzyme-linked immunosorbent assay (ELISA) was used in dogs to determine the cross reactivity reaction for the human mite against dog mite antigens.  

Canine demodeciosis caused by Demodex canis and ear mite Otodectes cynotis are commonly reported in dogs. (Chang et al., 1990 and Park et al., 1996) Canine demodecosis caused by Demodex canis could occur either in a localized or a generalized form. Otoacariosis, caused by O. cynotis, is characterized by irritation, rubbing, ear twitching, scratching, and head shaking. (Curtis, 2004) Human infestation with O. cynotis has also been reported (Hewitt et al., 1971)

Crooks et al. (2001) reported that three taxa of ectoparasites of dog including flea (Pulex irritans), lice (Neotrichodectes mephitidis) and ticks (Ixodes pacificus). Ectoparasites abundances varied seasonally.

Jeong et al. (2008) on this experimental study on stay dogs ectoparasitic frequency in Korea found Otodectes cynotis 22.3%, Sarcoptes scabiei var canis 19.4%, Ctenocephalides canis  6.8%, Demodex canis 4.9%,  Trichodectes canis 1.0%. Dogs less than 1 yr old were more heavily infected than other age groups (66.7%), and small-sized dogs of less than 3 kg body weight were more heavily infected than larger dogs (41.7%).

Meshgi et al. (2003) conducted a study where a total of 143 stray dogs in Iran were shot and the heads and longitudinally sectioned to expose the nasal cavity, and worms. Adult Linguatula serrata were found in the nasal cavities of 89 (62.2%) dogs. The infestation rate was 67.4 and 53.7% in males and females, respectively.

Tick borne disease and tick bite paralysis are clinically important conditions in dogs resulting from the blood sucking activities of these ectoparasites. Rhipicephalus sanguineus, haemaphysalis leachi, Dermacentor sp, Hyaloma plumbeum etc. are the most prevalent tick species in dogs of Asia (Quinn et al., 1997)

2.1.2 Endoparasitic diseases 

There are numerous reports of gastrointestinal helminthes of dogs from Indian subcontinent (Kumar and Mohammad, 1998; Sandhu et al 1997; Sharma et al., 2006).

Agnihotri et al. (2008) reported that 52.90% fecal samples from street dogs of Himachal Pradesh, India were positive for gastrointestinal helminth where hookworms were predominant (19.6%) ascarids 5.93% and trichuris 3.38%.

In stray dogs faeces from Warsaw Poland, coproscopy revealed eggs of Toxocara canis, T. leonine, T.vulpis and Ancylostomatidae was found. (Borecka,  2005)

Takacs et al. (2001) examined intestinal content of 68 street dogs; 29 females, 39 males) originating from 10 different areas of Hungary. 87.3% of the dogs were found to certain parasites including one trematode, 5 cestodes and 9 nematodes (Toxocara canis) were identified .

Fahrion et al. (2008) conducted a research work onto the outcome of T`oxocara canis infections in the canine host  and reported that it depends on the migratory pathway of parasite larvae (somatic or tracheal) which is considered to be related to the host's age and immune status in the adult animals. 

A study was conducted to determine the prevalence of Toxocara canis in dogs and the results showed that the T. canis infection rate in dogs was from 2.67 to 55.0% and in red fox was 43.0% (Cisek et al., 2004).

Pietsch et al. (2002) conducted necropsy of a street dog heart and an adult male Toxocara canis was found under the pericardium at the junction of the right ventricle and right atrium. Identification of the nematode was based on its morphology. The life cycle of T. canis is complex and includes tracheal and somatic migrations of larvae, and they can be found in many tissues throughout the host's body. However, it is rare for adult ascarids to be recovered outside of the small intestine. This is the first report of an adult T. canis inside the pericardial space. 

Guillot (2007) reported that a wide range of parasites can infect carnivorous pets and their pathogenicity depends on animal hosts, or their capacity to cause human disease such as round worms (Toxocara spp.) and tapeworms (Echinococcus spp.) which was emerging public health hazards in France .

Lung worm (Crenosoma vulpis) is a common nematode of red fox that was highly prevalent in and also Dogs were infected with clinical signs consisting of chronic-respiratory disease in Canadan dogs reported by Biher et al. (1999).
Dirofilariosis is one of the most important parasitic diseases in dogs in Japan with a high prevalence of 50% in Tokyo and 41% in Osaka area (Roncalli et al., 1998).and blood parasites diagnosed so far in dogs of Bangladesh is Dirofilaria immitis ( Ahmed, 2005.) Rahman (1973) also reported infestation of canine heartworm from a local street dog from BAU campus. 
The nematode heartworm Dirofilaria immitis (Leidy 1856) parasitizes the domestic dog, dingo, red wolf, red fox, coyote, ferret, sea lion, and domestic and wild cat as end hosts (Schrey, et al., 1996). Humans, as well as several other mammals, serve as accidental hosts in which the life cycle of D. immitis is not completed. Adult male (length, 12–20 cm) and female worms (length, 25–31 cm) are found primarily in the pulmonary arteries in animals with low worm burdens (< 50 worms). In infestations with high worm burdens (> 50 worms), they may be found in the right ventricle, right atrium, and occasionally in the vena cava. Pulmonary hypertension and right-sided congestive heart failure may result.

Pappas et al. (1985) reported the prevalence of canine heartworm (Dirofilaria immitis) in the domestic dog, coyote (Canis latrans), and red fox (Vulpes fulva) populations of southeastern Nebraska. Microfilariae were detected in 21.4% of the domestic dogs. The infected dogs also were positive for Dipetalonema reconditum. Thirty-nine of 443 (8.9%) coyotes were found to have adult heartworms. The average number of male and female worms per heart was 3.7 and 3.9, respectively. The mean age of infected coyotes was 3.6 year. Transmission occurs by blood-sucking mosquitoes the mosquito family with a blood meal. Microfilariae that have been transmitted transplacentally or by blood transfusion cannot develop into adult worms. (Fortin, 1979)

Pathologic changes within the host system result from damage from adult worms, microfilariae, and juvenile migratory larvae. Adult worms and/or worm antigen lead to endothelial lesions, pulmonary thromboembolism, pneumonitis, pulmonary hypertension, corpulmonale, and, ultimately, hepatic congestion, ascites, and immune-complex glomerulonephritis (Newton, 1968). 

Jubb and Kennedy (1985) reported the evidence of bronchial obstruction by exudates parasites, aspirated foreign material, glaucomatous or tumors with atelectatic lesion in a lobular pattern. Microscopically, simple atelactasis appears as slightly congested alveolar walls lying in close apposition with slit like residual lamina having sharp angular ends. In atelectasis each alveolar septum falsely appears to have two or more lines of erythrocyte filled capillaries.
Direct blood smear examination (using 0.05 ml of whole blood) detected 168 (80.9%) of 204 microfilaremic canine blood samples as determined by the modified Knott test for microfilariae (mff) of Dirofilaria immitis (using 1 ml of whole blood). Direct smear examination detected all of 134 microfilaremias greater than 50 mff ml−1, but only 31 of 70 (44.3%) microfilaremias having less than 50 mff ml−1 (Charles and Zang, 2001).

The identification of D. immitis microfilaria from a blood sample is indicative of infection with adult heartworms in over 99% of individuals. Microfilaria identification is equally accomplished through either of 2 concentration tests: the Knott's test (a technique requiring centrifugation of the test sample) or the filter test. Practitioners will often do a quick examination of a blood smear to look for the presence of microfilariae, but this procedure is not sensitive enough to serve as a final rule out for the absence of microfilariae in a sample.

Canine heartworm (Dirofilaria immitis) was detected by antigen ELISA in 6.4% red foxes (Vulpes vulpes) in Australia (Melbourne). Circulating microfilariae were also detected by whole blood filtration of these foxes.  In France heartworm is a common nematode infecting the pulmonary arteries and right heart of wild and domestic canids in various regions of the world. Infection in dogs can result in fatal cardiopulmonary disease (Verzberger et al., 2008). 

Hinman (1935) reported a certain degree of periodicity for the maximum number of microfilariae in blood between 11 P.M to 3 A.M, while only half of that number is present between 3 A.M to 7 A.M. 

The combination of albendazole (ALB) and diethylcarbamazine (DEC) reduces microfilarial density. Albendazole and DEC/ALB also reduced the prevalence of Ascaris, Trichuris, and hookworm than non treated (Fox et al., 2005). 

Human hosts are infected in the same way as the animal reservoirs, by the bite of a mosquito carrying infective larvae (L3). Humans are considered inappropriate (or accidental) hosts for zoonotic dirofilaria .From 1965, the year in which the first case of pulmonary dirofilariosis was reported, until 1989, 165 pulmonary cases were published. (Vélez et al., 2001). Faust et al. (1941) reported one case of infection in an aged black woman caused by one adult male worm found in inferior vena cava and only one human case of D. immitis infection has been described where microfilariae were present in the blood (Nozais et al., 1994). In pulmonary dirofilariosis by D. immitis, the worms are usually detained in a branch of the pulmonary artery where they produce an embolism and later a pulmonary nodule (Cordero et al., 1992; Orihel and Eberhard, 1998). 

Shah (1999) reported these worms usually die either in the subcutaneous tissues or pulmonary vessels before they mature to adult worms. At these sites, the dead or dying worms usually evoke demonstrable glaucomatous response. Most human infections with D. immitis manifest as pulmonary nodules. 
A study in Poland have shown an increase in the prevalence of tapeworms (Echinococus multilocularies) in red foxes in the north, northeast and southeast of the country  which  have created a high potential risk for the infection in dogs. Consequently, the threat of infection to human risk groups (foresters, hunters, collectors of berries and mushrooms etc.) has increased (Gawor et al., 2004). 

Dipylidium caninum are the tapeworm parasites that can be commonly found in dog population. E. multilocularis and alveolar echinococcosis (Graham et al., 2005) are the fox tapeworm is probably the worst parasite in Central Europe. Fox tapeworm infections in fox and dog if not treated lead to alveolar Echinococcosis in human by the larval stage of these parasites, and lead to death in 90% of people infected (Romig et al., 2006).

Infections with Angiostrongylus vasorum and Crenosoma vulpis are canine parasitic diseases with an increasing number of registered cases in Denmark. The diagnosis was made by examination of faeces by the Baermann method after an incubation period of 24 h. Since the disease can have both a chronic and an acute course, the treatment success can depend on early diagnosis. The results of this study revealed 92.3% of the samples positive for Angiostrongylus vasorum and 30% of the positive samples for Crenosoma vulpis.  The modified Baermann method was a useful diagnostic method for detection of either Angiostrongylus vasorum or Crenosoma vulpis (Willesen et al., 2004). Adult nematode parasites (Angiostrongylus sp.) were found from the heart blood of infected dog (Faulkner  et al., 2001).

Quinn et al (1997) reported that nematodes parasitizing the stomach of dogs include Gnathostoma spinigerum, Spirura tytipleurites and Spirocerca lupi . Most cases of gnathostomosis, plysalpterosis and spirurosis are asymptomatic but occasionally animals may exhibit persistent vomiting, variable appetite, weight loss and polydipsia. Gnathostoma spinigerum is the only member of nematodes reported causing clinical disease in man. Disease results from migration of larvae through internal organ of skin.

Oliveira et al. (2002) conducted a study to determine the prevalence of gastrointestinal parasites in stray dogs and dogs with owners in Brazil. Parasite investigated by fecal examinations employing sedimentation, simple flotation and centrifugation-flotation methods. The prevalence of most parasites was similar for dogs of mixed-breed and for dogs of a defined-breed, except for Cystoisospora spp. and Toxocara canis which showed a significantly higher prevalence in stray dogs. The prevalence of Ancylostoma spp. (17.1%) was significantly lower in stray dogs than in those with an owner (31.9%). 
A study was conducted to determine the prevalence of roundworm infections of red foxes in Iran. A total of 24 dogs were studied. The alimentary tract was the only organ infected with 10 species of nematodes and one species of acanthocephala. Ancylostoma caninum (25%) and Onicola canis were the highest observed species (Eslami et al., 2002).

The incidence of helminthiasis among stray dogs in some areas of Bangladesh was examined among 60 dogs, of which 56.66 % had Taenia muticeps. and 56.66 % found to contain Echinicoccus granulosus infection. The stray dog in Bangladesh is considered to be an important disseminator of zoonotic parasitie Taenia muticeps (Rahman, 1973). 

The species of whipworm found in dog is Trichuris vulpis parasitize in large intestine may sometimes produce the hemorrhagic typhlocolitis. The nematodes penetrate the lamina propria, produciong minute lacerations and consequent hemorrhage. (Hendrix et al., 1987)

The whipworm of the dog (Trichuris vulpis) is substantially smaller than the other worms (a mere 30-50 mm in length, about two inches maximum) and is rarely seen as it lives in the cecum (the part of the large intestine where the small and large intestine meet). The “head” (or more accurately the digestive end of the worm) is skinny versus its stout tail (or reproductive end) which gives the worm a whip shape, hence the name. The eggs of whipworm are "double plug" in appearance. (Quinn et al 1994)

Strongylous species parasitize the small intestine of the dog and are endemic in humid tropical or subtropical regions. Clinical disease has been described in pups infected with S.stercoralis which develop verminous pneumonia by larval migration. S. Starcoralis is transmissible to man through skin contact. (Hendrix et al., 1987)
Thrasher (1964) showed dogs are susceptible to blood fluke infections and a number of species  infect dogs  such as S. suis, S. Japonicum, S. mekongi, S. spondale etc. 

Two genera of hookworm are important in dogs Ancylostoma caninum and Uncinaria stenocephala. Principle pathogenic effects of hookworm infestations are directly related to blood sucking activities of the adults in the small intestine and to hemorrhage from ulcers at points of previous attachments as worm mover from feeding sites. Ancylostoma caninium are blood-sucking intestinal parasites and have the ability to cause anemia (and sometimes death) in puppies and adult dogs.Pathological findings in the intestine include punctuate ulcers, hemorrhage in the lumen and enteritis. In heavy infestations, worms can be readily observed and the intestinal contents may be dark and tarry (Quinn et al, 1997).
Ballweber (2004) observed that dog hookworm Ancylostoma caninum are small cylindrical worms 0.5 - 1.5mm long. The genus. Ancylostoma have pairs of teeth on the ventral margin of the buccal capsule. The posterior end of the male worm is equipped with a characteristic copulatory bursa, used to catch and hold the female nematode during mating.The adult worms are small, ½ to ¾ inches long, and are rarely detected in the stool because of their size and ability to firmly attach themselves to the intestinal wall. 

Palmer et al. (2007) collected fecal sample from dogs and cat across Australia, examined microscopically and by a highly sensitive and species-specific PCR-RFLP technique to differentiate the various hookworm species which can infect dogs and cats directly from eggs in faeces. Ancylostoma ceylanicum was detected for the first time in Australia in 10.9% of the dogs found positive for hookworm. Significantly, A. ceylanicum is capable of causing a patent infection in humans. 

Schneider et al. (1994) reported that hookworm larvae migrating through human skin provoke as inflammatory response termed as clinical larva migrants. Recent studies in northeastern Australia indicate that enteric infection with Ancylostoma caninum is a leading cause of human eosinophilic enteristis.( Prociv and Croese, 1996).
2.2 Bacterial diseases 

Bauer et al. (2004) showed in a case study of a tubrculous dog had severely dilated collapsed bronchus filled with highly viscous white mucus and granular caseous debris, similar to human tuberculous patients. A Ziehl-Neelsen-stained cytocentrifuged preparation of material obtained by bronchoalveolar lavage revealed a few acid-fast rods within macrophages, suggestive of tuberculosis. . Tuberculosis is a chronic granulomatous disease of most animals caused by Micobacterium spp, which are curved or rod shaped filamentous acid fast bacteria. It usually involves the lungs but may affect any organ or tissues of the body. It is still a leading cause of death of man and animals in the world (Samad, 2000).

Tuberculosis is a chronic granulomatous disease of animal and man, caused by mycobacterium species, which are curved or rod shaped filamentous acid fast bacteria (Samad, 2000). It usually involves the lungs but may affect any organ or tissues of the body. The characteristic lesion of tuberculosis is the formation tubercle, which is firm, white, gray or yellow in appearance. The classic tuberculous granuloma composed of a collection of epitheloid cells, macrophages and surrounded by a rim of fibroblasts. The necrotic centre is often calcified. 

At necropsy, granulomas with caseous necrosis was in the lung parenchyma, bronchial and mediastinal lymph nodes, liver, pancreas, and mesentery. Granulomas were adherent to both kidney capsules and to the diaphragm of infected dog. Histologically, mild to moderate calcification was observed within caseous granulomas, which was confirmed by von Kossa's stain. Using Ziehl-Neelsen stain, acid-fast rods were identified within granulomas of infected dog (Bauer  et al., 2005).

Hermans et al.(2003) conducted Staphylococcus aureus infections were a major problem of dogs that causing subcutaneous abscesses, mastitis, pododermatitis and septicaemia. Based on the morphological, cultural and biochemical characteristics, 48 strains of Streptococcus sp. were isolated from diseased pigs in Qinhuangdao by Ma-Zeng-Jun et al., (2005).

Leptospirosis is caused by several serovers of Leptospira interrogans, a filamentous, motile spirochete that infects most animals and produce clinical disease in dogs. Leptospira canicola replicates in renal tubular epithelium and cause acute injury and renal failure. L. icterohaemorrhagiae results acute renal failure. (Sherding, 1994)

Cox et al. (2005) identified foxes as carriers of leptospirosis and Real-time polymerase chain reaction (PCR) were used to detect leptospiral DNA in kidney and urine specimens from the foxes.11% sample were positive for leptospiral DNA. also leptospirosis identified in dogs and Suggested  that some areas of rural Indiana are at greater risk for leptospirosis (Ward et al., 2004).  
2.3 Viral diseases  

Canine distemper virus (CDV) is a member of genus Mobillivirus in the Paramyxoviridae family with enveloped virions and a negative-sense, single stranded RNA genome. It is closely related to measles virus and Phocine distemper virus (PDV). The Mobillivirus is composed of 6 protein genes. Fusion (F) and Hemagglutinin (H) glycoprotein are envelope proteins. H protein is a receptor binding site and F protein induces the fusion between viral envelope and host cell membrane. Nucleocapsid protein (N), Phosphoprotein (P) and large protein (L) is a nucleocapsid core, cooperating in viral replication. Matrix (M) protein assembles between the envelope proteins and the nucleocapsid core (Griffin and Bellini, 1996).

Targets of infection by canine distemper virus are mainly mucous membranes and lymphoid tissues. Following aerosol infection, the virus primarily replicates in lymphatic tissues of the respiratory tract and subsequently reaches various organs, including the cells of the lower respiratory and gastrointestinal tracts, the lymphoid organs, the urinary bladder and the central nervous system and produce subsequent clinical signs (Appel, 1987).  This can also result in either subclinical infection or a combination of respiratory, ocular, gastrointestinal, neurologic and cutaneous signs or lesions, that appear simultaneously or sequentially (Greene and Appel , 1998). 

Martella et al. ( 2006) found a high degree of genetic variation was between recent CDV strains and the old CDV isolates used in the vaccines and this genetic variation regarded as a possible cause of the increasing number of CDV-related diseases in dogs 
Willam (2004) reported prevalence of canine distemper was 8.42% in stray dogs of Nigeria.

Gencay et al. (2006) studied serum samples were collected from 609 clinically healthy stray dogs in the Ankara, Mugla and Istanbul provinces in Turkey and  tested for the presence of neutralizing antibodies against canine distemper virus (CDV) using virus neutralization assay. The prevalence of antibodies against CDV was 9.03% (n=55) in a 1/2 dilution. The antibody titers in positive sera ranged from 1/2 to 1/32.
Jones et al. (1997) described broad spectrum of clinical signs, not dissimilar from the signs observed in other respiratory and enteric diseases of dogs, hampers clinical diagnosis of canine distemper and renders necessary laboratory confirmation. 

Appel (1987) reported that Routine diagnosis of canine distemper virus by immunofluorescence (IF) for conjunctival, nasal or vaginal smears, using polyclonal or monoclonal antibodies is not sensitive. And it can detect canine distemper virus antigens only within 3 weeks after infection, when the virus is still present in the epithelial cells. 

Coswell et al. (2007) found the specific lesions of canine distemper in interstitial bronchopneumonia, which usually appears as patchy, generalized red tan rubbery lesions beneath the septa. Histologically the alveolar septa were thickened by mononuclear cells, proliferation of type II pneumocytes containing cytoplasmic inclusions.

Nguyen et al. (2008) reported the pathological findings of a distemper dog and isolated the CDV from this autopsied dog in Hanoi, Vietnam. The lung was congested by hemorrhage and pneumonia, with much exudates lung section showed severe interstitial pneumonia with some eosinophilic cytoplasmic inclusion bodies in alveolar epithelium. Microscopically, lymph nodes showed lymphoid depletion of the tissue or necrosis. The intestine showed enteritis with eosinophilic intracellular inclusion bodies in the intestinal crypts and gastric glands. 

Lesions in the CNS include demyelination, neuronal degeneration and perivascular cuffing; Eosinophilic intracytoplasmic and intranuclear inclusions may be seen. (Quinn et al., 1994)
Coswell et al (2007) observed inclusion bodies in the nucleus or in the cytoplasm of neurons at early stage of infection with degeneration of neurons and mononuclear cells aggregation around the blood vessels. As the lesion progresses, gliosis and axonal degeneration may occur and reactive cell infiltration reduces in number. 

A definitive diagnosis of canine distemper by virus isolation on canine cells is fastidious and time consuming, taking several days to weeks, notably when applied to clinical specimens (Frisk et al., 1999; Kim et al., 2001and Shin et al., 2004).
RT- PCR was applied successfully to diagnosis Canine distemper virus. RT-PCR assays for canine distemper virus offer substantial improvements in virus detection. (Frisk et al., 1999; Mizak, 2002; Rzezutka, 2002; Saito et al., 2006; Shin et al., 2004 and Von Messling et al., 1999).
Nguyen et al. (2008) isolated CDV and confirmed by RT-PCR with the 429 bp fragment P gene and immunocytochemistry and called CDV-HN1. CDV in fresh sample of lung was also checked by RT-PCR.

Zong et al. (2006) identified canine distemper virus the amplification of RT-PCR where RNA (861 bp) of the virus was obtained from the stray dog’s spleen sample.

Ju-HuiYan et al. (2006) reported Canine distemper (CD) from samples of dead mink, fox, racoon dog and tiger from different areas by RT-PCR assay where two pairs of primers were designed and used targeting the haemagglutinin (H) and nucleocapsid (N) gene nucleotide sequence of CD virus. Fourteen kinds of samples were analyzed by the above primers. A 761 bp cDNA fragment was amplified from seven kinds of samples with H gene primer. A 586 bp CDNA fragment was also amplified from the same seven kinds of samples with N gene primer. The detection results of the other samples were negative. 
Yousuf (2008) conducted a study to develop a RT-PCR assay for detection of Canine distemper virus in fox population of BAU campus. RT-PCR product of 287 bp was performed as an amplified product for Canine distemper (CD) and expected band was found. 

Kase et al. (2007) conducted enzyme-linked immunosorbent assay to investigate the rabies antigen and antibody prevalence among stray dogs in Bangkok, Thailand and found 49% unvaccinated dogs were sero positive for rabies virus.

The prevalence of Rabies and canine distemper in foxes was reported by Ballard et al., (2001) rabies was detected in five of 99 foxes and evidence of canine distemper antibodies in serum and virus in neural tissues was not detected. Shakaeva et al. (2006) conducted to investigate the spread and manifestation of rabies among different species of wild and domestic animals in the territory of Chelyabinsk Oblast, Russia. The disease was observed in 98 domestic animals, including dogs (14.2%). Rabies also infected 278 wild animals, including foxes (45%).The red fox (Vulpes vulpes) was the principal carrier and a source of infection for rabies. (Matouch et al., 2005 ).

Kuiken et al. (2004) showed avian influenza (H5N1) virus has been infectious not only for birds but also for humans and mammals such as mice, ferrets, and cats. Songserm et al, (2006) isolated of influenza (H5N1) virus from a dog in Thailand. Maas et al (2007) reported the susceptibility of specific pathogen–free (SPF) beagles to avian influenza (H5N1) and the presence of receptors for influenza (H5N1) in the respiratory tract of these dogs.

Decaro et al. (2002) reported  infectious canine hepatitis (ICH) associated with canine distemper (CD) in dog and also differentiate canine distemper virus (CDV) was detected, by immunofluorescent assay (IFA) and polymerase chain reaction (PCR), in the brain tissues of dogs. Lahav et al. (2003) stated infectious canine hepatitis (ICH) was found in very young puppies in Israel.

Wang et al. (2004) reported real-time PCR assay based on Taq Man technology for the identification of infectious canine hepatitis (ICH) virus in dogs, to be used directly on DNA purified from blood specimens. 29.5% samples were found real time PCR positive.

Caudell et al. (2005), detected Infectious canine hepatitis (ICH) by histopathology. They found diffuse hemorrhages in the brain stem and swollen hemorrhagic lymph nodes. Basophilic intranuclear inclusion bodies were found within CNS vascular endothelium of dog. Isolation of virus in cell cultures and polymerase chain reaction amplification of DNA from cell culture material confirmed the presence of canine adenovirus type 1 (CAV-1).

2.4 Other non microbial diseases:
Transmissible venereal tumor (TVT) of dogs is a contagious neoplasm, transmitted commonly by coitus and occurs on the external genitalia of either sex which is also known as Sticker’s carcinoma. (Donald and Richard, 2007; Smith and Washbourne, 1898).

The TVT is a notifiable disease in UK and occurs in many other countries. They are cauliflower-like, pedunculated, nodular, papillary, or multilobulated in appearance ranges from a small nodule (5 mm) to a large mass (>10 cm) in size and firm and friable in appearance. The surface is often ulcerated and inflamed and bleeds easily. TVT may be solitary or multiple and are almost always located on the genitalia (Donald and Richard, 2007).
TVT differs from other infectious tumors because the infecting cells are transplanted and grow like a graft. Cutaneous involvement may common with few or many lesions, some up to 6 cm in diameter. TVT tends to be common where dogs are allowed to run free and remain stray. In scavenging, malnourished and immunosupresssed population metastasis is common in both sexes as outcome of the primary lesions. (Jeanne, 1998)

According to (De Monbreum and Goodpasture, 1934) in the vagina, the tumor cells origin in the submucosa usually on the dorsal wall, as one or more papillary proliferations occurs. Expansive growth also occurs mainly in the submucosa, the overlying epithelium become stretched and attached. Cutaneous involvement may common with few or many lesions, some up to 6 cm in diameter. 
Jeanne (1998) reported that viral infection of the canine vagina is uncommon. Herpes virus (Canine herpes virus, feline rhinotracheitis virus) cause vesicular lesions and erythematic when inoculates intra vaginally. Vaginal lymphoid follicular hyperplasia which could be resulted from any inflammatory process may be mistaken for vesicle formation.

Foster (1998) observed most neoplasm of the vagina and vulva is the leiomyoma and the cells sampled from such tumors are cytological benign and stromal in origin.

The exact cells of origin of TVT is not definitely known, it has been described as  a tumor of lymphocytes ( De Monbreum and Goodpasture, 1934) or reticuloendothelial cells (Bloom et al., 1951 and Bari et al ., 1983) or as a round cell sarcoma (McKenna and Prier, 1966). 
TVT are usually easily diagnosed by cytological examination of fine-needle aspirates or impression smears or by histopathological evaluation of biopsies appreciating homogenous populations of large, round cells with distinctive centrally located nucleoli, indistinct boundaries and poorly stained or clear cytoplasm. The nuclei are large foamy in proportion having many chromatin granules. The chromosome no. of tumor cells is 59 where normal numbers of chromosomes in dog’s cells are 78. (Donald and Richard, 2007). 
Metastasis sometimes occurs to the regional lymphnodes, but spontaneous regressions usually occur in less than 6 months. (Quinn, 1997) 

Foster (1998) demonstrated the transmissible venereal tumor (TVT) is a type of lymphoid neoplasm that usually regresses spontaneously but is occasionally malignant. Cytological imprints and fine needle aspiration show a characteristics uniform population of round cells with clear vacuoles at the cell membrane. The number of infiltrating lymphocytes increases with growth.

Mild pulmonary Anthracosis is a common incidental finding in city dwelling animals or those cohabiting with cigarette smokers, in which carbon particles found within macrophages adjacent to airway bifurcation. (Quinn, 1997)

Farrow (1975) and Gupta (1991) observed in their experimental histological studies of lung tissue that minute black granules  deposited in the clumps in alveolar walls and macrophages of the inter alveolar connective tissue septa. The macrophages laden with carbon particles were also seen in the peribronchiolar area which proved negative for haemosiderin and melanin pigment on special staining confirming Anthracosis. 


CHAPTER III

MATERIALS AND METHODS

This investigation was carried out in the Department of Pathology, Faculty of Veterinary Science, Bangladesh Agricultural University (BAU), Mymensingh. A total of five stray dogs with apparently unsound health condition were caught, euthanized and brought for diagnosis to the Department of Pathology (BAU) during the period from December/2008 to February/2009. Systemic dissection and investigation were carried out that include the examination of liver, lymph node, kidney, spleen, heart, lung, brain and skin. Molecular technique was applied for detection of Canine distemper and avian influenza virus from extracted RNA generated by locally adapted protocol. The diagnosis of different diseases or disease conditions was made based principally on characteristics of gross lesions, histopathological study and molecular techniques.
The followings methods or techniques were used in this experiment.

3.1Collection of animals
The stray dogs of the BAU campus were restrained by using restraining hook and clasp and bind in legs with ropes. The animals thus collected and restrained were examined clinically by close inspection method.  After restraining blood sample was collected from the radial vein and mixed with double oxalate anticoagulant to prevent clotting and kept in a vial. The skin scraping was taken from suspected mite infested body area as per instruction of Hendrix (1998). After collection of the blood the dogs were euthanized by intracardial injection with saturated solution of Magnesium sulphate (MgSo4) at the point of elbow.

Then the collected animals have undergone the following procedure:

3.2 Necropsy examination:

The necropsy examination was carried out in the Department of Pathology, (BAU), Mymensingh. The postmortem examinations of all the cases were performed as soon as the dogs were euthanized. The necropsy examination was conducted as per standard method described by Coles (1986). At necropsy, gross tissue changes were observed and recorded carefully by systemic dissection.

3.3 Collection of parasite and examination

The enteric parasites and eggs from the intestinal content and rectum of euthanized dog was collected as per description of Hendrix (1998) and examined by the manual of Foreyt (2001).
3.4 Histopathological study
During necropsy, various organs having gross lesions were collected in conditions as fresh as possible and fixed in 10% buffered neutral formalin for histopathological studies. Formalin fixed tissue samples were processed and stained as per standard method. (Luna, 1968).
3.5 Giemsa’s staining for the identification of blood parasite:

Thick blood smear was prepared from collected blood samples and stained with Giemsa’s stain to identify the blood parasite as described by Hendrix (1998).

3.6Acid –fast staining technique for the identification of acid fast bacteria:

The impression smear from nodular lung lesions were stained by Ziehl-Neelsen stain to identify the acid fast bacilli as per standard protocol (Baron et al, 1998)
3.7 Molecular techniques for the detection of Canine distemper and avian influenza virus 

Molecular technique (RT PCR) was applied for detection canine distemper (CD) and avian influenza (HPAIV) Virus from the suspected dogs from spleen, lung and brain samples. For this purpose the genomic RNA was extracted using conventional phenol chloroform iso-amyl alcohol method following the instruction described by Sambrook and Russell (2001). Extracted samples were evaluated both quantitatively and qualitatively using spectrophotometer and (1%) agarose gel electrophoresis, respectively. The reverse transcriptase polymerase chain reaction (RT-PCR) was conducted into two parts: (1) using AMV reverse transcriptase enzyme to generate high yields of full-length, first-strand cDNA from mRNA and (2) using the generated cDNA as a template for the subsequent PCR amplification. The RT-PCR protocol was preceded as per instruction manual of GeneiTM.Appropriate primer sequences for RT-PCR were selected to amplify the gene sequence of canine distemper virus (Frisk et al, 1999) and avian influenza virus (Foucher et al, 2000)

Table 1. Absorbance reading and concentration of different RNA samples

	Sample  No.
	Absorbance

(at 260 nm) 
	DNA Concentration

(ng/μl)

	D1(Lung)
	0.018
	900

	D1 (spleen)
	0.024
	1200

	D2(Lung)
	0.034
	1700

	D 2(Spleen)
	0.033
	1320

	D3 spleen)
	0.005
	300


Table 2.  Primers used in RT-PCR for Canine distemper and Avian influenza (HPAI) viruses with their sequence.
	Primer
	           Sequence
	    Reference                             
	Product size

	CDF(Forward)

 CDR (Reverse)
	5' ACAGGATTGCTGAGGACCTAT 3'                

5' CAAGATAACCATGTACGGTGC 3'
	  Frisk et al.,1999
	287 bp



	 AIM  gene F

AIM gene R
	5' TTCTAACCGAGGTCGAAACG 3'
5' ACAAAGCGTCTACGCTGCAG 3'
	Foucher et al, 2000
	245 bp


Finally, the RT-PCR products were analyzed by 2% agarose gel, stained with ethidium bromide and examined against UV light using an image documentation system. One molecular weight marker 100 Kb DNA ladder size was electrophoresed alongside the PCR reactions.

N.B:

· RT-PCR was performed in the molecular Biology Laboratory at the Department of Pathology, Bangladesh Agricultural University, Mymensingh.

· The 287 bp primer for Canine Distemper and 245 bp primer for Avian influenza virus was previously obtained by the department of Pathology, BAU and used in this experiment as per kind help of Departmental Head, Prof,. Dr. Abu Hadi Nur Ali Khan.
· RT- PCR protocols were conducted using GeneiTM kit and all the reagents and master mixture was supplied by them.
· Electrophoresis grade agarose was obtained from Sigma, USA. The loading buffer, DNA size marker and ethidium bromide were obtained from GeneiTM.

CHAPTER IV

RESULTS

4.1 Ectoparasitic Infestation
The ectoparasitic diseases detected in the five examined dogs are represented at Table 3. Large number of brown ticks observed (Fig.1) on the body of two examined dogs which indicate the incidence is 40%. The large size inornate brown color body with lateral projections represents the species as Rhipicephalus Sanguinus. Skin scraping form the ventral abdomen, shoulder and neck of the affected dog reveals sarcoptic mange infection where characteristics morphology of oval shaped body, long pedal sucker on legs and anus in caudal end confirms the mite as Sarcoptes scabei. (Fig.2 ).  Histopathology of skin of abdominal region revealed hemorrhage, congestion and folliculitis (Fig. 3) with cross section of mite.
Table 3. Table shows the ectoparasites found in the examined dogs.
	Infestation
	Method of Diagnosis
	Morbid Character
	Confirmation and remarks

	Scabies Mite
	· Skin Scraping

· Histopathology
	Site: Ventral abdomen

Morph: Oval, long pedal sucker on legs, anus in caudal end.


	Sarcoptes scabei *

Found in 60% (3 in five) of examined dogs. 

	Brown Dog Tick
	Visual examination
	Inornate Brown color

Lateral projections
	Rhipicephalus Sanguinus

Found in 40% (2 in five) of examined dogs.


N.B. The parasites were identified by following the manual of Hendrix (1998).
 * = Indicates the parasite of zoonotic significance

4.2 Endoparasitic Infestation
Table 4 represents the endoparasites found in the study from examined five dogs by necropsy. Canine Heartworm (Dirifilaria. immitis) was identified from Giemsa stained thick blood smear. 1-2 microfilariae were detected per (84x) microscopic field (Fig.4a). Adult parasites appeared in all microfilariae positive autopsied dog’s heart, particularly in the right ventricle (maximum no.) and right atrium and pulmonary venacava (Fig. 4b). The size range of the adult heart worm found longest 32 cm and shortest 6 cm with an average length of 25cm. (Fig.4c) found in 40% (2 out of five) of the examined dogs. The adult parasite probably produced the diffuse reactive cell infiltration in the myocardium (Fig.4d).Whipworm (Trichuris vulpis) infestation found in 20% cases (one out of five dogs) confirmed by presence of  egg of whipworm having distinct knob at the both end of a barrel shaped body from faecal samples examined from rectal area.(Fig. 5).
One of the five (20%) examined dog had this infection with ascariasis. The intestinal content washing and faeces from rectum of a necropsed street dog revealed presence of ascaris egg. The appearance of eggs having deep cup-like pits covering the surface of the shell (Fig 6) confirmed it as infection of (Toxocara canis). Canine hookworm Ancylostoma caninum found in 40% (2 out of five) cases of the examined dogs from the intestinal mucosa (Fig. 7) with characteristics buccal cavity with three teeth.
Table 4. Table presents the endoparasites found in the examined dogs. 
	Infestation
	Method of Diagnosis
	Morbid Character
	Confirmation and remarks

	Heart worm 
	· Direct Blood smear (Thick).

· Necropsy.
	· Microfilaria found in Giemsa’s stained thick smear. 

· Adult heartworm found in the heart of euthanized dogs.

· Myocardium showed massive infiltration of lymphocyte.
	Dirofilaria immitis*
Found in 40% (2 out of five) of the examined dogs.

	Ascariasis 
	· Examination of faeces from rectum.

· Histopathology of GIT
	· Eggs found light brown sub globular. With marked pitted outer and thin inner shell.

· Intestinal goblet cell proliferation, congestion and massive reactive cells infiltration found in the mucosa.
	Toxocara canis*

Found in 20% (1out of five) cases of the examined dogs.

	Whipworm 
	Intestinal content examination.
	Egg of whipworm was found having distinct knob at the both end of a barrel shaped appearance. 


	Trichuris vulpis*

Found in 20% (1 out of five) cases of the examined dogs

	Hookworm 
	Necropsy and intestinal wall examination.
	Parasite found closely attached with intestinal wall having frightfull buccal cavity with three pairs of ventral teeth.
	Ancylostoma caninum*

Found in 40% (2 out of five) cases of the examined dogs.


N.B. The parasites were identified by following the manual of Hendrix (1998).
 * = Indicates the parasite of zoonotic significance


4.3 Viral Diseases
Table 5 represents that Canine distemper virus infection was confirmed from a suspected dog by histopathology and RT-PCR where histopathology of spleen sections revealed lymphocytic depletion picturing large no. of splenic traveculae observed in a single focus (Fig.9). Reactive cell infiltration and thickening of the alveolar septa and atelectasis was also evident in the lung sections. (Fig.10). Confirmatory molecular test (RT -PCR) from spleen and lung samples with 287 bp selected primer identified Canine Distemper (CD) virus and expected amplified band was found (Fig. 15).
Suspicion for avian influenza, Rabies, Canine Para influenza and infectious canine hepatitis proved negative. 

Table 5. Table shows the viral diseases investigated in the studied dogs. 
	Infection
	Method of Diagnosis
	Morbid Lesions
	Confirmation and remarks

	Canine distemper (CD)
	· Histopathology

· RT PCR
	Lymphatic depletion found in spleen, satellitosis and gliosis found in brain and lung septum became thickened due to reactive cell infiltration. Amplified RT PCR product showed respected band in agarose gel electrophoresis and 
	CD was confirmed Positive in the suspected dog.
(+ ve)

	Avian Influenza (H5N1)
	· Histopathology

· RT PCR
	Diffuse hemorrhage found in the lung and intestine, but the amplified RT PCR product did not show respected band on electrophoresis
	(- ve)

	Rabies 
	· Histopathology of the Hippocampus region of brain 
	No specific lesion (Nigri Body or inclusion body) observed in H & E staining.
	(- ve)

	Canine parvovirus
	· Histopathology of the intestinal tract.
	Lymphoid depletion was seen but no intestinal crypt proliferation with necrotic debris was found.
	(- ve)

	Canine Infectious Hepatitis
	· Histopathology of liver.
	No specific lesion found.
	(- ve)


4.4 Bacterial Diseases:

No bacterial disease was specifically detected from the five examined dogs by necropsy, histopathology or special staining.

Table 6.  Table presents the bacterial diseases investigated in the studied dogs. 
	Infection
	Method of Diagnosis
	Morbid Lesions
	Confirmation and remarks

	Tuberculosis
	· Necropsy 

· Acid Fast Stain 

· Histopathology
	Nodular lesions found on lung during necropsy but acid fast organism was not detected 
	(- ve)

	Leptospirosis
	· Necropsy

· Histopathology
	Mild interstitial nephritis and renal cyst found but Dark field microscopy or MAT was not conducted for confirmation 
	Not detected


4.5 Other non microbial Diseases:

Table 7 shows that 40% (2 out of five) cases of the examined were confirmed to have Anthracosis. At necropsy the lung of some dogs appeared blacken and firmer in appearance (Fig. 12). Histological studies of lung tissue revealed the deposition of minute black granules in the clumps in alveolar walls and macrophages in inter alveolar connective tissue septa. (Fig.9). This study also reports confirmatory diagnosis of transmissible venereal tumor (TVT) which is characterized by cauliflower like growth in the vulva region with abnormal exudation (Fig.12) and extensive proliferation of round or ovular polyhedral cells in cluster formation (Fig.13) in histopathology. Metastasis was indicative from presence of round cell in blood vessel.
Table.7. Non microbial diseases detected in the studied dogs. 
	Disease
	Method of Diagnosis
	Morbid Lesions
	Confirmation and remarks

	Anthracosis 
	· Necropsy

· Histopathology
	Lung lobule appeared farm and dark in necropsy.Black colored dust particle found in the lung alveoli and the alveolar septa showed thickened in H and E stain. 
	Found in 40% (2 out of five) cases of the examined dogs.

	Transmissible venereal tumor (TVT)
	· Visual exam.

· Necropsy

· Histopathology
	Cauliflower like growth found in vaginal region of a bitch.


	Round cells found in cluster with indistinct cell wall and foamy nucleus.

Metastasis also detected.
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CHAPTER V

DISCUSSION

5.1 Canine heart worm infestation 

Canine heart worm was detected in this study from the heart of stray dogs of BAU campus with evidence of microfilariae in the blood of infected animal, which supports the findings of Rahman (1973) and Yousuf (2008). During this study 1-2 microfilariae were detected per (83x) microscopic field. The microfilariae were observed form the blood obtained form 9 A.M to 10 A.M in morning. This was unlikely to the findings of Hinman (1935) who reported a certain degree of periodicity for the maximum number of microfilariae in blood between 11 P.M to 3 A.M, while only half of that number is present between 3 A.M to 7 A.M. This might caused due to massive deposition of the adult worms in heart. The maximum 36 no. of adult worm obtained from a male dogs heart. The size range of the adult heart worm found longest 32 cm and shortest 6 cm with an average of 25cm. which comes in agreement with the findings of Schrey, et al., (1996). An organized thrombus was found in the heart worm infected dogs lung of the infected dog caused due to the vascular obstruction by the microfilariae of D. immitis  along with diffuse reactive cell infiltration in the myocardium caused by the presence of adult parasite. These findings represent the pathological lesions of heartworm infested dog and come in agreement with the findings of Newton (1968). The microfilariae were long slender and straight tailed which denotes it as microfilaria of D. immitis as per manual of Hendrix (1998). The larval stage (L3) of D.immitis could be transmitted to produce infection in human host by blood sucking mosquito bite and produce zoonosis the human population. So the human population at BAU campus is in great risk of pulmonary dirofilariosis that produce embolism and pulmonary nodule (Cordero et al., 1992; Orihel and Eberhard, 1998; Shah, 1999). This might be a probable cause of asthmatic distress in the human population in BAU area. Further investigation is recommended to evaluate the risk of zoonosis by canine heartworm in this locality.
5.2 Ascariasis

This study reveals that  the stray dog population of BAU campus definitely has Ascaries (Toxocara canis) infection which is confirmed by examination and detection of egg with characteristic morphology as described in Hendrix (1998). This result comes in terms with the findings of Borecka (2005); Takacs et al. (2001) and Agnihotri et al (2008). Dog ascariasis (Toxocara canis) has zoonitic importantace for human being. Larval stages (L3) of ascarids can migrate into the tissues and causes visceral larval migrans (VLM), an important disease in humans and other animal species. (Cisek et al., 2004). From the standpoint of public health significance, evidence of human infection and its epidemiology is needed to be determined which require further investigation.

5.3 Hookworm and Whipworm infestation 

In this study hookworms were found in the intestinal wall of two necropsed dog indicating which is firmly attached with small intestinal mucosa. H & E stain reveals goblet cell proliferation and congestion with eosinophilic infiltration at the mucosa also give clue for hookworm infestation. The characteristics feature of worm and intestine supports the observation of Ballweber (2004) and Hendrix (1993). The possibility of human infection in BAU area by hookworms cannot be neglected which may lead eosinophilic enteritis (Schneider et a.l, 1994.; Prociv and Croese, 1996). The incidence of whipworm Trichuris vulpis in BAU in stray dogs supports the observation of Yousuf (2008) and human illness is also possible (Richards et al., 2001and Quinn et al., 1997). 
5.4 Scabies mite infestation:

This study indicates that the dogs of BAU campus are infestated with scabies mite Sarcoptes scabies. Sarcoptes mange has zoonotic significance and cross reactivity reaction has been reported between human mite and canine Sarcoptes mite. (Haas et al., 2005) and frequently produce human skin disease called scabies. (Soglia et al., 2007). S. scabies is a very contagious mite and it could produce illness for domestic pets and human of this area.

5.5 Canine Tuberculosis
Following necropsy of the euthanized dogs some nodular lesions were seen on the lung tissue .The appearance of nodules was firm and white in color .The nodular lung lesions were subjected for routine histopathology examination and stained with H & E. No characteristics granuloma with centrally located caseous necrosis surrounded by mononuclear cells has been detected. But according to Bauer et al., (2005) classic tuberculosis nodule must have granuloma composed of a collection of epitheloid cells, macrophages and surrounded by a rim of fibroblasts Absence of curved or rod shaped acid-fast organisms ruled out the possibility of tuberculosis (Samad, 2000) and indicates the nodular lesions were non mycobacterium in origin. 
5.6 Avian influenza

The stray dogs of the BAU campus are usually tale (dustbin) feeders and wonder around the poultry and meat market in search of food. During my study period the outbreak of highly pathogenic avian influenza virus in Bangladesh was on its peak. According to Leslie et al., (2008) carnivores (Dogs) are at high risk of having highly pathogenic avian influenza (HPAI) virus (H5N1) due to its eating habit of infected wild and domestic birds. Songserm et al (2006) isolated of influenza (H5N1) virus from a dog in Thailand. Maas et al (2007) reported the susceptibility of specific pathogen–free (SPF) beagles to avian influenza (H5N1) and the presence of receptors for influenza (H5N1) in the respiratory tract of these dogs. During necropsy and histological examination numerous reactive cells, excessive hemorrhages, congestions and ruptured of lung alveoli were seen in the lung. Considering the feeding habit and necropsy findings this study further aimed to detect H5N1Avian influenza viruses from the lungs and trachea of stray dogs. However the specific amplified product in the RT-PCR was not seen. The amplified product of RT PCR did not give any specific band in this study. Therefore it is great news that stray dogs of BAU campus are not infected with Avian influenza.

5.7 Canine distemper

Canine distemper virus is an agent of a serious, often fatal disease in dogs and many other carnivores. During this study one of five examined dogs was suspected to be infected with canine distemper virus (CDV) showing clinical signs of temporal muscle twitching. Moreover Yousuf (2008) reported canine distemper infection in fox population of BAU campus confirming by molecular assay. The euthanized dog suspected to have canine distemper undergone necropsy and histopathological examination for lung, spleen and brain tissue. Histopathology of spleen sections revealed lymphocytic depletion where large no. of splenic traveculae observed in a single focus and reactive cell infiltration and thickening of the alveolar septa with atelectasis was evident in the lung sections. According to Coswell et al (2007) and Nguyen et al (2008) these lesions indicate probable infection with canine distemper virus. Moreover, satellitosis and gliosis detected in the brain section which is similar to the findings of Quinn et al (1997) and Coswell et al (2007). But specific intranuclear and intracytoplasmic inclusion bodies were not detected in routine H &E as per finding of Appel (1987). So, for confirmation, molecular test (RT -PCR) was conducted for spleen and lung samples with selected primer of 287 bp specified for Canine Distemper (CD) virus and expected amplified band was found. This finding comes in agreement with the previous study of Yousuf (2008) who used same primer for diagnosis of CDV in fox at BAU campus. So, as an outcome of this study it is clear that the carnivores of this study area are infected with CDV and RT- PCR assays may render easier diagnosis of canine distemper disease. Hence for proper detection and phylogenetic analysis subsequent improvement and further study is recommended in this sector.
5.8 Anthracosis:

During necropsy the lung of some dogs appeared blacken and firmer in appearance. To find out the probable cause histopathological study of the suspected lung tissue was conducted and stained with routine H & E stains. Histological studies of lung tissue revealed the deposition of minute black granules in the clumps in alveolar walls and macrophages in inter alveolar connective tissue septa. .The macrophages laden with carbon particles were also seen in the peribronchiolar area. These gross and microscopic observations lead to a confirmatory diagnosis of Anthracosis. The gross and microscopic observations recorded in this observation are similar to Farrow (1975) and Gupta (1991). In this way two (2) out of Five (5) studied dogs were confirmed to have Anthracosis. Both of them had history of road side habitation, especially at the periphery of the BAU bus garage. So the smoke and dust from the frequent movement of the bus might be the probable cause of this condition. This report also comes in agreement with the findings of (Quinn, 1997). 

5.9 Transmissible venereal tumor (TVT)

In this study period in BAU campus a bitch with cauliflower like growth in the vulva region with abnormal exudation was examined and suspected to have Transmissible venereal tumor (TVT). The suspected bitch was euthanized and necropsy was conducted to obtain the tissue. Histopathology of the suspected tissue with H & E staining revealed presence extensive proliferation of round or ovular polyhedral cells in cluster formation. The cells were had indistinct outline and foamy nucleus. Evidence of metastasis also detected appreciating the presence of neoplastic round cells in the surrounding blood vessels. This study report is quite similar to the findings of Donald and Richard, 2007 who diagnosed TVT histopathologically from the street dogs.  


CHAPTER VI

Conclusion

This study provides the evidence of several important parasitic and infectious diseases of stray dogs at BAU campus where canine heartworm, hookworm, whipworm, scabies and ascariasis could be a potential threat for both pets and human health. More detail and elaborative study is essential to explore the evidence of zoonosis in human body. Other then zoonosis the detected infection of canine distemper and transmissible venereal tumor remain detrimental for the lively hood of canines.
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APPENDIX
Histopathological study procedure

During necropsy, various organs having gross lesions were collected fixed in 10% buffered neutral formalin for histopathological studies. Formalin fixed tissue samples were processed and stained as per standard method (Luna, 1968).

Equipment and appliances:

· Samples (liver, heart, lungs, spleen, kidney, brain, skin, intestine, trachea, muscles etc) 

· 10% neutral buffered formalin 

· Chloroform

· Paraffin

· Alcohol

· Tape water

· Xylene

· Hematoxylin and Eosin stain 

· Distilled water

· Clean slides

· Cover slips

· Mounting media (DPX). 

· Microscope

1. Collection of tissue and tissue Processing

During tissue collection the following point were taken into consideration-

The tissues were collected in conditions as fresh as possible.  Normal and diseased tissues were collected side by side. The thickness of the tissues were as less as possible (5mm approximately).

The tissues (liver, heart, lung, spleen) were collected from the foxes in the Histopathology Laboratory of Departmentof Pathology, BAU, Mymensingh. 

2. Fixation: 10% neutral buffered formalin was added in the plastic container. (10 folds of the tissue size and weight) and fixed for 3-5 days.
3. Washing: The tissues were trimmed into a thin section and washed over night in running tape water to remove formalin.

4. Dehydration: The tissues were dehydrated by ascending ethanol series to prevent shrinkage of cells as per following schedule. The tissues were dehydrated in 50%, 70%, 80%, 95%, 100%, 100%, 100% ethanol one hour in each. 

5. Cleaning: the tissues were cleaned in chloroform for 3 hours to remove ethanol (1 and half hr in each, two changes).

6. Impregnation: Impregnation was done in melted paraffin (56- 60°c) for 3 hours.

7. Embedding: Then the tissues were sectioned with a microtome at 5-µm thickness. A small amount of gelatin was added to the water bath for better adhesion of the section to the slide.

8. Water Bath: The section were allowed to spread on warm water bath (37-38°C) 

10. Section: The sections were taken on grease free clear slides.
11. Drying: The slides containing section were air dried and kept in cool place until staining.

Routine Hematoxylin and Eosin staining procedure

The sectioned tissues were stained as described bellow:

· The sectioned tissues were deparaffinized in three changes of xyline (three minutes in each)

· Then the sectioned tissues were rehydrated through descending grades of alcohol (three changes in absolute alcohol, three minutes in each; 95% alcohol for two minutes; 80% alcohol for two minutes; 70% alcohol for two minutes) followed by distilled water for five minutes.

· The tissues were stained with Harris hematoxylin for fifteen minutes.

· Washed in running tap water for 10-15 minutes.

· Then the tissues were differentiated in acid alcohol by 2 to 4 dips (1 part HCL and 99 parts 70% alcohol).

· Washed in tap water for five minutes followed by 2-4 dips in ammonia water until sections were bright blue.

· Stained with eosin for one minute.

· Differentiated and dehydrated in alcohol (95% alcohol: three changes, 2-4 dips each; absolute alcohol: three changes 2-3 minutes for each).

· Cleaned in xyline: three changes (five minutes each).

· Tissues were mounted with cover slip by using DPX

· The slides were dried at room temperature and examined under a low (10X) and high (40X, 100X) power objectives. 

Acid –fast staining technique for the identification of acid fast bacteria

Chemical and appliances: 

· Zylene
· Alcohol 
· Distilled water
·  running water
· Carbol fuchsin solution
· Methylene blue solution
· Clean Slides

· Cover slips

· Mounting media (dpx). 

· Microscope

Procedure

· The sectioned tissues were deparafinized in zylene (3 changes 3 minutes each).

· Rehydrated  in descending grades of alcohol( 100%,95%, 80% and 70% each for 3 minutes)

·  Two to three (2-3) dips was done in the distilled water.

· Then used in the carbol fuchsin solution and wait for 30 minutes

· Washed   well in running water

· Decolourized  with acid alcohol solution until section are pale pink

· Washed thoroughly in running water for 8 minutes counter staining by dipping are slide at a time in working methylene blue solution. Section should be pale blue.

· Washed with tap water and then rinsed in distilled water.

· Dehydrated  in 95%, absolute alcohol and cleaned in xylene, two changes each

· Finally the sections were mounted. 

Giemsa’s staining for the identification of blood parasite

Chemical and appliances: 

· Blood sample 

· Glass slide

· Absolute methanol

· Giemsa’s solution

· Tap water

· Microscope

Procedure:

1. A thin smear of blood was made on a glass slide, dried in air and fixed in absolute methanol (acetone free) for 5 minutes.

2. The slide was placed in Caplin jar containing working Giemsa’s solution.

3. Then allowed to stain for 45-60 minutes. 

4. Washed under tap water for 30 seconds. 

5. Finally dried the slides in the air and examined under a microscope.

Extraction of genomic DNA/RNA by using conventional method

DNA /RNA were extracted by locally used conventional method.  The following procedure was maintained for the extraction of DNA/RNA.

The extraction protocols were as follows:

Reagents and Materials

· Samples

· 1.5ml microcentrifuge tubes 

· Cell lysis solution

· Liquid nitrogen

· Pester and morter

· Vortexer

· Centrifuge machine

· Phenol chloroform isoamyl alcohol

· 5M NaCl solution

· Absulote Alcohol (100%)

· 80% Ethanol

· Tris-HCl Solution.

Procedure

· The sample was taken and Crushed by pester and morter with the help of liquid nitrogen.

· The grainding sample was taken in the microcentrifuge tubes and carefully added 20 μl of cell lysis buffer for 5 gram sample.

· vortexed vigorously at high speed for 20 seconds to mix the solution

· Centrifuged at 15000 rpm for (10-15) minutes at 4oC

· Then supernatant was collected. 

· The equal volume of phenol chloroform isoamyl alcohol was added 

· Then vortexed vigorously at high speed for 20 seconds to mix the solution

· Centrifuged at 15000 rpm for (2-5) minutes at 4oC

· Then supernatant (top layer) was collected  that containing the DNA/ RNA 

· Added the 10 μl of 5M NaCl in  the 90μl solution
·  Added 2.5 times absolute alcohol and centrifuged at 15000 rpm for (10-15) minutes at 4oC and colleted the supernatant solution. 

· Desalting  the solution by using 80% ethanol

· The solution was again centrifuged at 15000 rpm for 2 minutes at room temperature.

· The ethanol was carefully aspirated. The DNA pillet was very loose at this point and care was taken to avoid aspirating the pillet into the pipette. 

· The tube was allowed to air dry for 15 minutes.

· 25 μl of nuclease free water was added and preserved it at 4°C.

· Electrophoresis was done for conformation of the DNA
.

· The DNA/ RNA were stored at- 20oC until further use, Tris- HCl was used for longer time store.    

· Precaution

All glassware, micropipette tips, centrifuge tubes, glass pipettes, distilled water and buffer solutions were properly autoclaved to keep away from DNAase contamination. Scissors, forceps and tissue homogenizer sticks etc. were sterilized with absolute ethanol.  

Quantification of DNA/RNA concentration 

One of the important variables for PCR amplification is the concentration of genomic DNA. Because different DNA extraction methods produced DNA of widely different purity, it is necessary to optimize the amount of DNA used in PCR assay to achieve reproducibility and strong signal. Excessive genomic DNA may result in smears or in a lack of clearly defined bands in the gel; on the other hand, too little DNA gives non-reproducible patterns. Thus, it is necessary to optimize the DNA concentration. For quantification of DNA concentration, the spectrophotometer’s wavelength was set at 260 nm after the spectrophotometer UV lamp was warmed up. 

A square cuvette (the “zero” or “blank” cuvette) was filled with 2 ml sterile distilled water and place in the cuvette chamber and the absorbance reading was adjusted to zero for standardization. The test samples were prepared by taking 2 μl of each DNA sample in the cuvette containing 2 ml sterile distilled water and thorough mixing by pipetting. After recording the absorbance reading, the cuvette was rinsed out with sterile water, tamped out on a paper wipe, and absorbance readings of extracted DNA samples of the tubercullosis isolates are listed iTable 1

DNA concentration (ng/ μl) = 
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RT -PCR Protocol 
Step 1: First strand cDNA synthesis 
RNA 1.7 µg per sample was taken into PCR tubes.

1. Water was added in each tube to level upto 10µl per tube.  

2. 1 µl Oligo (dT) 18 primer was taken in each tube. 

3. then the tubes were incubated at 650C for 10 minutes and then at room temperature  for 2 minute

4. The tubes were spin briefly. 

5. The reagents were added in the following order for each tube. 1 µl RNase Inhibitor, 1 µl 0.1 M DTT, 4 µl RT Buffer (5x), 2.0 µl 30 mM dNTP mix, 0.5 µl Reverse Transcriptase, 1 µl sterile water.

6. Then the solution was well mixed thoroughly and incubated at 420C for one hour. 

7. Finally incubated at 950C for 2 minutes to denature RNA-cDNA hybrids and spined briefly.

8. The tubes were quickly placed on the ice 

9. Then it was stored at -200C for PCR amplification.

Step-2 : PCR amplification

· Ice was taken in a plastic bag and put into a bucket lick cork sheet. 

· The primer was selected and put it on the ice. 

· The buffer, dNTP, H2O and enzyme were put into the ice. 

· Required number of PCR tubes was taken with labeling and put it in ice. 

· Then reaction mixture was prepared as described bellows in table 6.

Table . The reaction mixture prepared per sample 

	Reagents
	Amount per reaction 

	10x PCR buffer 
	5µl 

	30 mM dNTP mix 
	1µl

	Forward primer 
	1µl

	Reverse primer 
	1µl

	Taq DNA Polymerase 
	0.5 µl

	H2O
	38.5µl

	cDNA Product 
	3 µl

	Total 
	50 µl


Then PCR tube were placed in the thermocycler,

The thermocycler, placed according to the programmed as follows. 

· Initial denaturation at 940C for 2 min 

· 30 cycles of PCR 

· Denaturation at 940C for 45 seconds

· Annealing at 520C for 30 seconds

· Elongation at 720C for 1 minute 

· Final elongation at 720C for 2 minutes 

· Hold at 150C for ever 

· After the programme was over, the tubes containing RT-PCR products were stored at 40C temperature.
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Fig. 15:  Electropherogram of ethidium bromide stained genomic RNA extracted by conventional method from the suspected dogs sample. Lane 1-5 containing genome obtained from dog 1(lung), D 1 (Spleen), D2 (lung) D2 (Spleen) and D3 (Lung) respectively.
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Fig.16: 2% Agarose gel electrophoresis of amplified RT-PCR products shows specific band for Canine distemper virus (CDV) at lane 1 and lane 3. Lane-1, 2, 3, 4 and 6 containing RT-PCR product. Lane- 5 containing 100bp DNA ladder. Lane – 7 containing only reaction mixture without primer.
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Fig. 11: Lung section using H & E staining reveals black colored dust particle indicating Anthracosis (A, 34 X). Pulmonary atelactasis with swelling of alveolar septa and massive reactive cell infiltration also indicated (B, 33 X)





Fig.10. Intestinal section reveals goblet cell proliferation (G) and congestion with eosinophilic infiltration at the mucosa (I) indicating the changes due to parasitic infestation.  (83 X)

















Fig.12. Cauliflower like neoplastic growth in the vulva of TVT suspected bitch 
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Fig.14: Section of neoplastic growth with H&E stain reveals round cell proliferation in cluster (R) at 84X. Presence of round cells with indistinct cell membrane and foamy nuclei in the blood vessel shows ongoing metastasis (M) at 333X magnification. 
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Fig 13. Necropsy reveals black and firm lung indicating probable case of Anthracosis. 
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Fig: 9. Brain section in H & E stain reveals glial cell proliferation and satellitosis (S) indicating Canine distemper. (333)











Fig: 8. Spleen section in H & E stain reveals large no of traveculae (T) indicating abnormal Lymphocytic depletion and splenic atrophy. (84X) 























Fig 1: Large Brown ticks (Rhipecephalus sanguinus) on the back of the dog of represent heavy infestation. 





Fig.2. Skin scraping reveals Sarcptic mange from the infected dogs (33 X)








Fig 3: Scrotal skin section reveals mite (M) and massive infiltration of eosinophils (E) in affected areas (83X).








Fig 4a: Microfilarae detected at blood smear (M) using Giemsa’s staining at 34 X magnification. Microfilaria appeared slender and tail appeared straight (D) as an indication of filarial of Dirofilaria immitis   ( 83 X)





Fig 4b: Adult heart worm in the right ventricle of Dogs heart (H). Right inset shows the measurement of D. immitis.  








Fig 4c: The anterior (A) and posterior part (P) of canine heart worm as revealed from the right ventricle of heart and stained with lactophenol.








Fig 4d: Heart section using H & E staining reveals diffuse mononuclear cell infiltration in myocardium (M) at 83X magnification.








Fig.4e.Lung section reveals organized thrombus (T) was seen in the pulmonary artery, consisting of core of clotted blood at (83X) magnification.
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Fig 5. Eggs of Toxocara canis observed in intestinal washing having thick rimmed wall and inner embryonic mass.











Fig 6. The Egg of Trichuris vulpis  detected by fecal examination   having distinct knob at both end. 








Fig: 7.The anterior (A) and posterior part (P) of Hookworm obtained from the wall of small intestine of a necropsed dog. Stained with lactophenol, viewed at 33X magnification.
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