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ABSTRACT

The study aimed at identifying the occurrence of hydatidosis in
slaughter buffaloes and E. granulosus in stray dogs’ faecal samples in Kathmandu
Valley, Nepal. A total of 500 buffalo carcasses in a slaughterhouse, riversides and
individual butchers’ sites were examined for the presence of hydatid cysts. The cyst
fluid was collected and microscopically examined to determine if it was fertile or not.
Of the 500 carcasses examined, 10.6% had hydatid cysts. Specifically, prevalence of
hydatidosis in slaughterhouse carcasses was 6.7%. Whereas, those examined at
riversides and individual butcher places had occurrences of 10.0% and 12.7%,
respectively. These proportions were not significantly (p= 0.2013) different.
Distributions of the hydatid cysts by specific organs showed singly occurrence of
6.4% in lungs, 2.4% in livers and 1.8% in both, in livers and lungs. These
distributions were significantly (p= 0.0001) different. In a total of 53 hydatid cysts,
58.5% were fertile and 41.5% were sterile. These two proportions were not

significantly (p= 0.076) different.

Overall, 366 faecal samples of stray dogs were collected from around buffalo
slaughtering areas (slaughterhouse and individual butcher places), riversides, garbage
sites and temple sites. These samples were examined by microscope to investigate the

presence of Taenia eggs. Further, PCR analysis was performed to differentiate the
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E. granulosus from other Taenia eggs and to determine the strains. The total
prevalence of Taenia eggs in the faecal samples was 12.8%. Whereas, around the
slaughterhouse and individual butcher places was high (17.6%) followed by riversides
(14.1%), garbage sites (9.6%), and temple sites (7.6%). However, the percent
distribution of Taenia egg-positives among different sites was not significantly

(p= 0.2148) different.

PCR was performed on 47 faecal samples found microscopically positive for
Taenia eggs, using mitochondrial cytochrome C Oxidase (CO1) gene. Eleven samples
(23.4%) were PCR positive. A pooled sample of hydatid cyst protoscolices was also
PCR positive. This pooled sample and one faecal sample were found highly
homologous (99.7% and 99.2% respectively) with genotype G1 (sheep strain) of

E. granulosus.

Apart from Taenia eggs, different other helminth eggs including zoonotic

Toxocara and hookworm eggs were also found in dogs’ faecal samples.

Questionnaire survey from butchers revealed that the waste disposal practices
were highly undesirable. Dogs had free access to condemned meat. The infected meat
was used for human or animal consumption. There was lack of awareness about

hydatidosis among them.

High occurrence of hydatidosis in buffaloes, the contamination of the
environment around the slaughter places and riversides, the unhindered excess of
stray dogs to the waste enhance the infection risk of humans with cystic
echinococcosis in the Kathmandu Valley. These findings clearly justify that there is
an urgent need of introducing proper slaughterhouses and meat inspection systems in

the country.
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1. INTRODUCTION AND OBJECTIVES

1.1 General Background

Nepal is a landlocked country. It is located in Southera. Aslies in between
the two most populous nations of the world, China and India. The totabtitba
nation is 147,181 sg. km. (CBS, 2004). Ecologically, it can be dividedtimee
climatic zones i.e. high mountains, hills, and the Terai. Itheaaon part is covered by
the Himalayas. The middle part consists of hills called rhills and the southern-
most part consists of a low lying fertile area called theiT&lepal is one of the least
developed countries. The per capita income is US $ 250 per yead(B&mk, 2004).
The population of Nepal as per the census of 2001 is 23.2 million, wigcbvgng at
2.25 percent per annum (CBS, 2004).

Economically, the nation is still poor because of the plage of development
activities. More than 40 percent of the people are below povery. l&griculture is
the predominant activity with 81% of the population engaged in it. Usdeh
circumstances, the major concern of the nation is to raiseaheast! of living of the
people by improving the agriculture sector. In agriculture, foasis an integral part
of the complex farming system (livelihood, food security, nutritiagricultural
operation and transport, soil fertility etc). Contribution of agticel to the Gross
Domestic Product (GDP) is estimated around 40%. Livestock consibbtaut 30%
of Agriculture Gross Domestic Product (AGDP). The contributionivastock may
be further subdivided as 62.6% from dairy, 32.4% from meat and 5% fggs e
(Ministry of Finance, 2004).

The present health indicators of Nepal do not reveal asueging scenario
despite continued efforts to improve the health situation. Life expectat birth is
60.98 years. Infant mortality rate (IMR) is 68.51%. For 1500 peopte thenly one
doctor. Safe water is available to 71% of the population and sanitat39.22%, and

these indicators are clear manifestations of poor hygiene andl kealiitions in the



country (UNDP, 2004). Therefore, to address these issues and to @ripeobasic
living conditions in the country, adequate and sufficient emphasisqisired on
health issues both with direct and indirect implications. The hygedesanitation
situation is poor due to a low level of awareness among othersisTbrge of the
major causes of parasitic diseases to both humans and livestochgAhe parasitic
diseases, echinococcosis/hydatidosis is one of the major problend) afifiéct

livestock farming as well as cause serious health risks toutman population.

1.2 Problem Statement

Echinococcosis/hydatidosis is a parasitic diseasés ftaused by the dog
tapewormEchinococcus granulosus. Its infectious larval stage, the metacestode is
called Echinococcus cysticus or E. hydatidosus. E. granulosus causing cystic
echinococcosis (CE) or cystic hydatidosis in humans and livestock,isaradh
important zoonotic disease with worldwide distribution (Cetigl., 1996). It causes
serious public health problems in certain parts of the world (Scha@€q). So
enquiry in this area is important from the public and veterinary mdiview. In
addition there are economic losses from the condemnation of infegtsdotk
organs. The economic loss is measured in terms of lowered mi#fatand wool

production.

This parasite is found worldwide especially in areagavhggienic conditions
and education are poor. Another cause is uncontrolled stray dogs, K¥gpacia
underdeveloped countries, taking over scavenger function. There isesaieace
that the disease is spreading because of a lack of meat cdogohanagement and
appropriate legislation (Schwabe, 1986).

In India, extensive occurrence of hydatidosis has beenedparthumans as
well as in livestock. The socio-economic, cultural and religidastors have
frequently played an important role in the transmission of infectiohuman.E.

granulosus infections have been reported also in dogs (Bhatia and Pathak, 1990).



In Nepal, the infection of hydatid disease is increasgaygoy day. Research has
been done in this disease area, particularly in Nepal, by &aalhi(1995 and 1996b)
but there is a definitive scope for undertaking a representatindy.slt is also
important to understand the problem after a decade of previous tes€laecup-to-

date status of this disease was necessary.

This disease may be emerging as one of the majoh lpralllems in Nepal.
Due to lack of awareness, some people and butchers are stil) gauv livestock
meat to domestic and stray dogs. Also the slaughtering of buffe&es place in
open air. The intestinal contents and waste meat are routinely dumpater where
people bathe and draw their drinking water. Also at riversidess; dbgs roam freely
and vultures perch in the trees, waiting to feed from bits @iasaes. These are the
major sources of infection of this disease. The main cause alifi@ase is due to a
low level of awareness, lack of legislation, lack of meapetion, water pollution
and also uncontrolled stray dogs. The present research takes gsukigar further
research linking the analysis of fecal samples from dogs ai@thgexploration of

hydatid cysts among buffaloes.

1.3 Objectives of Study

This study was initiated with the following objectives,

I. To find out occurrence of hydatidosis in buffaloes.

il To determine whether hydatid cysts are fertile or starle
differentiate hydatid strains.

iii To find out the prevalence of taeniosis in stray dogs’ faecal
samples.

v To differentiate the eggs oEchinococcus granulosus from other
Taenia species by Polymerase Chain Reaction (PCR) in stray dog’'s

faecal samples.



2. LITERATURE REVIEW OF ECHINOCOCCUS
GRANULOSUS/HYDATIDOSIS

2.1 Introduction

Hydatidosis, a problem of worldwide importance, is calbyeddult or larval
(metacestode) stages of cestodes belonging to the gehumcoccus of the family
Taeniidae. At present, taxonomically it has four valid species, nantelgranul osus,

E. multilocularis, E. oligarthrus and E. vogeli (FAO/UNEP/WHO, 1981; Soulsby,
1982; Thompson and McManus, 2001). These four species are morphologically
distinct in both adult and larval stages (OIE, 2004).

Adult parasites are usually attached to the mucosheoériterior part of the
small intestine of definitive hosts. The larval stages awed in the inner organs of a
wide variety of domestic and wild intermediate hosts (Thompson yamdéry, 1988;
Thompson, 1995). Among these four spe&egranulosus andE. multilocularis are
the most important from a public health and economic point of view @hcig,
1996).E. oligarthrus andE. vogeli are restricted to the South American and Arctic

regions in sylvatic areas, respectively.

E. granulosus is cosmopolitan in distribution. The parasite is adapted to
definitive hosts of the family canidae and a wide range of irgdiate hosts (humans,
domestic and wild herbivores/omnivores) (Thompson and McManus, 2001). It is
widely spread in sheep-rearing areas and where definitive dusis (Torgerson and
Health, 2003). The adult parasite hardly causes disease in thetidefihost
(Thompson, 1995). The clinical and economic, as well as zoonoticficiges of

these parasites are almost completely confined to infection onietiate hosts.

E. multilocularis, which causes alveolar or multilocular echinococcosis, has
principally a holarctic (Eurasia and North America) distributibiglftowlers, 1990).
The E. multilocularis has a sylvatic cycle, which is linked via infected small

mammals to different wild and domestic carnivores. In the 8glegcle, the arctic



fox (Alopex lagopus) and red fox Yulpes vulpes) play a key role as definitive hosts
and small mammals, mainly rodents, are the intermediate hostsme areas, other
wild canids, such as coyote€ahis latrans), and wild felidae Wild cats) can also
serve as definitive hosts. Aberrant hosts, both animals and humarsdso become
infected with metacestodes, which have the potential to causaalechinococcosis
(AE) (Eckert and Deplazes, 2004). It is relatively less spdead and prevalent than

E. granulosus and more often a fatal, zoonotic disease (Scheiraiz, 2003).

2.2 Morphology of the Adult Parasite

The adulE. granulosus is only a few millimeters long, varying between 2-7 mm
in length with 3-4 segments (rarely up to six segments) (EckdrD&plazes, 2004;
OIE, 2004). Anteriorly, the adult parasites possess a scolexih Wwhag four muscular
suckers and two rows of sickle shaped hooks, one large and one smdikg on t
rostellum. The mean length of the large hook ranges from 22-49 pnthatnof the
small hook ranges from 17-39 um (Thompson and Lymbery, 1988; OIE, 2004).

The adult worm is hermaphrodite. The body or strobila hasinaber of
reproductive units (proglottids) (Chatterjee, 1980; Smyth, 1994; Herid@98), the
mature penultimate proglottid and the terminal proglottid. Therlatgravid and is
usually more than half the length of the worm (Soulsby, 1982). Thigidgra
proglottid/uterus has 12-15 short lateral diverticuli (Bhatia aritaRa 1990) and, is
usually filled with 100-1500 thick-shelled eggs (Thompson, 1995). The otihe
anterior part of the strobilar to the gravid segment rangeseketvi:0.86-1:1.30
(FAO/UNEP/WHO, 1981; Thompson, 1995).

The gravid proglottids and or eggs are shed in thedgstoManuset al., 2003).
The eggs are brown in colour and morphologically indistinguishable fhose of
other tapeworms of the gentigenia (Smyth, 1994; Eckest al., 2001b). The size of
the eggs ranges from 30-40 um and they have a thick radiddiedtshell. The egg



has a single hexacanth embryo, the oncosphere, which has threefphosks
(Chatterjee, 1980; Kassai, 1999; Thompson and McManus, 2001).

The adults oE. multilocularis are characterized by a smaller size (length of up
to 4.5 mm), a mean number of five segments, and a sack-like (Erkesrt and
Deplazes, 2004).

2.3 Life Cycle

E. granulosus is an obligatory heterogeneous parasite with a complex life.cycl
It requires two mammalian hosts to complete its life cydlkis involves the
definitive hosts (for example, domestic dogs and wild canids) andtienediate
hosts (for example domestic and wild ungulates, humans) (OIE, 2004deTihiive
host is infected by ingestion of offals containing fertile hydatistyi.e. cysts with
viable protoscolices). The protoscolices evaginate and attach itaés#nal mucosa
and develop into adult stages (McMaraisal., 2003). The pre-patent period Bf
granulosus in the definitive host ranges from 34-58 days (Thompson, 1995). The
adult worm passes out gravid proglottids containing eggs, or figgeare passed out
with the faeces. These gravid proglottids, or eggs, are degbend contaminate the
environment, feed, grass or water, etc, which are sourcesfeftion to many
intermediate hosts, including humans, over a wide area (Soulsby,G88&nell and
Lawson, 1986; Thompson, 1995).

The infective eggs in grass, feed or in waterirrgested by the intermediate
hosts (Horton, 2003), and hatch into oncospheres (larvae) inside the Istanthc
intestines. The liberated larvae penetrate the small iiesind reach their final
localization passing through vascular and lymphatic systems tivéneand lungs.

They rarely spread to other organs (Soulsby, 1982).



Humans are normally accidental intermediate hostsubecthey are rarely
involved in the transmission cycle. They can be considered as mablagerrant

hosts (Torgerson and Heath, 2003).

Once the oncosphere has reached its final location dineetungs), it develops
into the metacestode stage (primary cyst). The time foeldpment of the cysts is
variable and may take several months (6-12 months) (Thompson, 1995). The
developed cyst is unilocular, thick-walled, spherical in shape laittifilled. Its size
ranges from 2 to 30 cm in diameter. But, in areas where ihergestricted growth,
the cyst may be very large and contains several litersiiof (Urquhartet al., 1988).

It is lined with an inner germinal membrane that produces brood capsutethe
inner wall of the brood capsules, an asexual budding process of protascolice
enhances the infectivity and compensates for low sexual reprodudtanpibduces
thousands of protoscolices within a single cyst. Each single pradasisotapable of
developing into a sexually mature adult worm. Once the definitives lsosisume the
organs with fertile and viable cysts they become infected andifthecycle is

completed (Thompson and McManus, 2001).

The metacestode & multilocularis cysts are located exclusively in the liver
and are not enveloped by host connective tissue. Therefore, it @ascaescer-like
growths in the liver parenchyma of intermediate hosts (mainlyntedend aberrant

host animals and humans) (Hendrix, 1998; Eckert and Deplazes, 2004).

2.4 Pathogenicity and Clinical Signs

There are no pathogenic effects in definitive hosts #viee animals are heavily
infected with E. granulosus (Eckert and Deplazes, 2004). Therefore final hosts,
(mostly dogs), infected witk. granulosus show no clinical signs except itching on
the back (sledge-like position) but if a large number of parasieepresent, they may

have diarrhoea.



The pathogenicity of the hydatid cyst depends on the sewéribe infection
and the organs involved. The clinical signs are not obvious in inteateehosts
(sheep, goats, cattle, horses, etc.) (Eckert and Deplazes, Z6@4disease is rarely
diagnosed before slaughter of the animals. Sometimes animals clioeal
symptoms, such as bronchopneumonia, hepatic disorders leading to @soitée;
heart failure; slow growth; weakness and lameness, but symptgmsdien the
location of the cysts (OIE, 2005).

Most humans infected with hydatidosis are asymptontatgeneral, more than
90% of the cysts are found in the liver, lungs, or both, but aréy €% each)
located in the brain, bone, heart, kidney and other tissues (McMaialis 2003).
These cysts are not destroyed by the body’'s defense mechanismawprmvelop
into hydatid cysts. Clinical signs can take months to years tela@and become
more apparent as the cysts grow. As the cysts increasecdghegause pain in the
upper abdominal region, occlusion or dysfunction according to the functioneoofare
the affected organs. The most serious development is if theuptsres. The cysts
may rupture into the thoracic or peritoneal cavity, causing anapfya secondary
cystic echinococcosis, or into the biliary free, leading to chdliargnd cholestasis
(Eckert and Deplazes, 2004).

2.5 Epidemiology and Geographical Distribution

Hydatidosis has a cosmopolitan distribution. The differertterpa of
distribution and transmission of this disease depend on a multiplicitiyeohosts,

agent and environment factors in different areas (Bhatia ahdi4dt990).

E. granulosus is a silent cyclozoonotic infection of high global prevalence
showing several regional peculiarities (Bhatia and Pathak, 199@3. primarily
maintained through domestic and sylvatic life cycles. The tresgomn dynamics of
the parasites are determined by the interaction of factorsiatesbwith the two hosts

(definitive and intermediate) and with the external environmentr{ileand Hansen,



2004). The epidemiological factors and the transmission dynamiEsgoénul osus
and other members of the familgeniidae (notably Taenia hydatigena and Taenia
ovis) are (i) the biotic potential of the parasite, (ii) the immyrmicquired by the
intermediate host, and (iii) environmental factors (Eckert argla2es, 2004).

The biotic potential can be defined as “a potential numbeablie cysts which
can be established in an intermediate host by an individual defihitiseper day”
(Gemmellet al., 2001). The parameters that determine the biotic potentighare
proportion of larvae transforming into tapeworms, the number of wormisifeeted
host, the mean number of eggs per proglottid, the mean number of pdsgsbted
per worm per day, the number of eggs shed from the average ihlegieper day and
the proportion of eggs transforming into viable cysts (GemmellRutzkrts, 1995).
Thus biotic potential may vary widely in different ecologicaligiions and climatic
zones (Gemmedt al., 2001; Eckert and Deplazes, 2004).

The incidence and prevalence of the disease in inteméutiats are affected
by, among other factors, the age of the host upon infection and the imesjpoase
of the host (Soulsby, 1982). Acquired immunity of both the definitive and
intermediate hosts plays an important role in regulating tinsrression dynamics of
E. granulosus (Gemmell and Roberts, 1995). Strong immunity can also be
experimentally induced agairnst granulosus, but it requires much larger numbers of
eggs (approximately 50,000 eggs per animal) (Eckert and Depla@@4). The
infected definitive host passes thousands of eggs daily througls fddm=se eggs are
free-living and can be adversely affected by the external envaohmhe survival of
the infective eggs is influenced by environmental factors, swhhunidity,
temperature, vegetation cover and soil types (Soulsby, 1982; Watlara 1991).
High temperatures and desiccation are the most important féottnsg the survival
time of Taenia eggs in nature (Schantz, 1996). In contrast, the eggs are highly
resistant and can remain infective for many months or up to aboutaneatylower
ranges of temperatures (abo€40 15 C) (Thompson and McManus, 2001; Eckert
and Deplazes, 2004). On the other haBdgranulosus eggs can survive freezing

temperatures (Gemmell and Lawson, 1986; ¥edl., 1995), and for a few hours in
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hot, dry climates such as in the Turkana area in Kenya (Weathaltg 1991). These
eggs may be dispersed over considerable distances from the tmstemay be
transmitted to the intermediate host via pasture or contaminaaéer. wrhis has
important epidemiological implications since a single dog can tifestimany sheep

over a wide area (Gemmell and Lawson, 1986).

It has also been shown that flies and possibly other $nsest mechanically
transport eggs over considerable distances, having been contaminatgdekaing
or egg-laying activities in or on faeces (Gemmell and Lawsb®86). The
intermediate hosts include most herbivores and omnivores sheep,afjoatselopes,
donkeys, buffaloes, cattle, horses, camels, pigs, marsupiailgafkes), cervids,
zebra, warthogs, and also humans. The level of infection in theniediéate host is

determined by the number of viable eggs and the different anin@aéspe

Also, abattoirs can play an important role in the spmgadf a number of
zoonotic diseases including echinococcosis/hydatidosis (Waethala, 1991). The
occurrence of hydatidosis can be affected by factors such as pauiyped
slaughterhouses, home and open slaughtering, improper disposal of imfezed,
and large populations of stray dogs especially around slaughteriag. areese
factors are influenced by the type of legislation in place antttlet of awareness of
the human population (Gemmell, 1987; Dar and Alkarmi, 1997).

An additional factor in the epidemiology Bf granulosus is the phylogenetic

adoption ofE. granulosus between final hosts and intermediate hosts. This non-

immune factor leads to the development of different speciessstolE. granulosus

according to Thompson and McManus (2002) are given below.
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Species strain/isolate (genotype) Intermediate hosts

Sheep (G1) Sheep, cattle, pig, camel, goat, macropod
Camel (G6) Camel, goat, cattle

Cattle (G5) Cattle, buffalo, sheep, goat

Buffalo (G3?) Buffalo, Cattle (Asia)

Horse (G4) Horse, other equines

Pig (G7) Pig

Tasmania sheep strain (G2) Sheep, Cattle

In general, an intermediate host-adapted strain can velbpgehydatid cysts in
other intermediate hosts or grow to sterile cysts lacking pralioss. The variability
of ‘strain” may be based on differences in nucleic sequences, #edted in
phenotypic characters that affect the life cycle pattern, Spestificity, development
rate, reproductive biology, antigenic diversity, metabolism, hqgenicity,
transmission dynamics, in-vitro growth, morphology, and epidemiolbtpManus,
1996; Gemmelét al., 2001).

Also, the transmission dynamicsEbfmultilocularis are based on the predator-
prey relationship between carnivores and small mammals and dependaaye a
number of interacting factors such as geographic and spatiabuiitn, population
size and dynamics, feeding habits, behavior, relation to human Hdibeysal and
survival of eggs in environment, condition of climate and weathelpdy and
longevity, animal species, susceptibility, resistance, anduimity etc (Eckert and
Deplazes, 2004).

The geographical distribution of hydatidosis in intermedmasts has been
extensively studied and is present in Asia, Africa, South and &&utrerica and the
Mediterranean region (McManus and Smyth, 1986). The &lujtanulosus has a
world-wide geographic range and occurs on all continents includingrthenpolar,
temperate, subtropical and tropical zones (Bhatia and Pathak, 19901zSathal.,
1995; Craiget al., 1996).
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The different strains occurring in intermediate hostispeare; the sheep strain
(G1) in Europe, the Middle East, Africa, India, Nepal, Chinasd®, the Australian
mainland, Tasmania, New Zealand, the United states and SouthicAntee camel
strain (G6) in the Middle East, Iran, Africa, China, Nepal Angentina; the cattle
strain (G5) in Europe, South Africa, India, Nepal, Sri Lanka, Ruasd South
America; the pig strain (G7) in Poland, Slovakia, Ukraine, Ruasd Argentina; the
horse strain (G4) in Europe, Tasmania and South Africa. The Temmstmeep strain
(G2) is found in Tasmania, and Argentina. The buffalo strain (688 not yet been
found in Asia (Pearsomf al., 2002; Thompson and McManus, 2001; Thompson and
McManus, 2002).

2.5.1 Europe

In EuropeE. granulosus has an uneven geographical distribution with very low
prevalence in some of the northern and central countries, but witturmesti high
prevalence in southern, south-eastern and eastern regions. |laetaGdegnland are
free of the parasite (Schardizal., 1995; Eckert, 1996).

The highest prevalence of cystic echinococcosis in huamshbvestock andt.
granulosus in dogs has been reported from countries adjacent to the Mediterranea
region and the former Soviet block and adjacent countries (Eckert eplhZes,
2004). In most of Europe;. granulosus is perpetuated in synanthropic (domestic)
cycles with the dog as the final host and domestic ungulateke (chi¢ep, goat, pig,
horse, and donkey) as intermediate hosts (Schantz, 1996).

The intermediate hosts Bf multilocularis are rodents, but pigs, monkeys, dogs
and man are paratenic intermediate hosts (Eckert and Deplazes, 20@&blar
hydatidosis is endemic in seven European countries. These areaABsigium,
France, Germany, Liechtenstein, Luxembourg, and Switzerlandtddatases have
also been reported from Sweden, Great Britain, the Czech Repthlimgary,
Slovenia, Bosnia, Bulgaria, Poland and Greece (Sclehatz 1995).
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2.5.2 America

In Central America, such as Mexico, Guatemal&ailador and Honduras, the
cysts ofE. granulosus are known to occur in animal hosts and sporadically in humans
(Thakur, 1999). In North, South and Central America the diseaspdged to occur
mainly in dog-sheep and dog-pig cycles (Schantz, 1996).

In humans, alveolar echinococcosis is also found in paMsrti America too
(Eckert and Deplazes, 2004).

2.5.3 Africa

E. granulosus has been reported from most African countries. Previous and
recent reports describe the endemic occurrencé.ofranulosus in dogs and
livestock, and human cases of cystic echinococcosis in all NdribaA countries
bordering the Mediterranean Sea, including Morocco, Algeria, Tynisiiya and
Egypt (Ibraham and Gusbi, 1997; Kachaati al., 1997; Ouhelliet al., 1997;
Shambesh, 1997). In north and sub-Saharan Africa, the parasitesnamaitted in a
synanthropic cycle involving dogs (domestic and stray dogs) and vdiessock
animals (sheep, goats, cattle, and camels) are most impdstanivild-life cycles
exist involving a number of wild carnivores (jackal species, hy&oa etc), wild
ruminants and pigs. About 22-36% of dogs were found infected Bvignanul osus
and about 3-48% livestock were infected with hydatidosis in diffeverih African
countries. Human-life cycles involving wild carnivores: Goldackpl Canis aureus)
in Algeria and the fox species/pus rueppelli) in Egypt can be hosts d&.
granulosus. The prevalence rate of CE in humans is higher in Morocco, Algeri
Tunisia, Libya and certain parts of sub-Saharan Africa (Eekatt, 2001Db).

In Africa,E. multilocularis has been reported in Zimbabwe (Borebal., 1989)
and northern Tunisia (Schangt,al., 1995).
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2.5.4 Australia

E. granulosus is widely distributed in the mainland of Australia, as reports
showed on the occurrence of the parasites in domestic or wild drostalin Western
Australia. There are several transmission cycles: a3ythanthropic cycle, involving
domestic dogs and domestic herbivores, with predominantly sheep eseidite
hosts, b) the sylvatic cycle with wild dogs (dingoes, feral dmgdingo/feral dogs
hybrids) and red foxes/(llpes vulpes) as definitive hosts and macropod marsupials
(kangaroos) as intermediate hosts, and c) the mixed synanthro@ti(sytycle
(Eckertet al., 2001 b).

2.5.5 China

According to data collected in 19&5,granulosus is present in 87% of China’s
territory (Craiget al., 1991). The principal animal intermediate host in northern China
is the sheep. The infection rates in sheep were high (> 50%)andd@mic provinces
or autonomous regions (Zhu, 1985). Also high rates, 7-71%, 7-17%, 56%, 21% and
19-83% of infection withE. granulosus were found in the definitive host (domestic
dog) in Xinjiang, Gansu, Ningxia, Sichuan and Qinghai endemic regéspectively.

The average prevalence rates for dogs are usually 15-30%g,(C2804).
Echinococcosis/hydatidosis has emerged as a major public health prdbem
presented at the meeting in Urumqgi 1999 indicated there was probably a
conservatively estimated 500,000 existing human cases of echinocasmpsiing
treatment, since the disease has emerged as a public healdnprdhis figure had
increased to 600,000 to 1.3 million people at the meeting at Dunghuang in(I2p000

et al., 2003). CE is probably the most frequent echinococcosis, with nomad
communities in ethnic minority populations of mountainous areas in theenwes
Provinces and Autonomous Regions, (such as Tibetans, Kazakhs, and Mongols)
(Wanget al., 2001), being most at risk (Shi, 1997; Wen and Yang, 1997). Recently,
they identified Echinococcus shiquicus n. sp. in Tibetan foxes, and yaks as

intermediate hosts and are additional risks for human infectione €K&, 2005).
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Apart from echinococcosis/hydatidoBismultilocularis were found in Tibetan
areas. In the northern part of China in the Gansu province ultrasonogeaphic
immunodiagnostic surveys (1991-1997) have revealed a very high prevééay of
examined persons had been documented with alveolar echinococcosis ¢k&ix (E
and Deplazes, 2004).

2.5.6 South Asia

Cystic hydatid disease has been reported to occur in Sgiathdountries, i.e. in
India, Nepal, Bhutan, Pakistan, Sri Lanka and Afganistan (Schleardk, 1995;
Schantz, 1996). A great variety of species serve as iatkate hosts: buffalo (bos
bubalis), cattle, sheep, goat, swine and camel. In most coustra@s and semi-
domesticated dogs are the principal definitive hosts, and are abiamhmeadily
become infected from home-slaughtered livestock and from scavemndials

disposed carelessly at commercial abattoirs (Schantz, 1996).

E. granulosus infection in definitive hosts has been reported as endemic in the
southern and northern regions of India (Bhatia and Pathak, 1990). In thieses,reg
prevalence of hydatidosis was found at 7.0% in sheep, 7.1% in 8a58é,in water
buffaloes, and 11.5% in pigs (Hafeez, 1997). A large number of hydatidos

humans has also been reported from different parts of the India.

2.5.7 Nepal

In Nepal, the infection of hydatid disease is increasdndy limited research has
been done on this disease. During 1993-1995 in Kathmandu Valley, hydasd cys
were found in different slaughtered animals. Jeshl. (1995) showed that 5% of the
carcasses of water buffalo, 3% of goat, 8% of sheep, and 7% oiquey found
positive for hydatid cysts by studying 17 different slaughterirgssit Kathmandu.
Latter on Joshet al. (1996 a) also showed that from the total examined livestock,
18% buffaloes, 9% sheep, 4% goats and 9% pigs were found to be pémitive
hydatid cyst. Further, a case study by Daley (2003) in Kathmandu dhbate26% of



16

slaughtered buffaloes were found positive for hydatid cysts. K{f3) found a
22.98% occurrence of hydatidosis in buffaloes in three adjoining townatbimtandu
Valley viz. Banepa, Panauti and Dhulikhel. Bajagai (2004) found 12.35%vgosit
cases of hydatidosis in buffaloes in a study conducted in two ward$énur@ and

20) of Kathmandu municipality.

Joshet al. (1995) showed that the highest prevalence of F786anulosus was
seen in domestic dogs from an area of Kathmandu city by usingopveantigen
ELISA test. Also, Ratal&t al. (1996) showed that dog fecal samples testedEfor
granulosus by coproantigen ELISA technique were 4% positive. They also showed

that out of 20 street dogs necropsies, 3 (15%) were infected withEaduénul osus.

Joshet al. (1995) further reported that during 1994/95 (up to July) a total of 120
human cases of hydatidosis were operated on in different hospitasthm&ndu.
Most of the patients had cysts in the liver (55%), lungs (43%), ki) and other
organs (1%). Also 14% (115/831) of human sera samples were found to theeposi
for echinococcal antibodies using a commercially produced ELIS@esirg test
(Joshiet al., 1996 b).

2.6 Diagnosis

The diagnosis of hydatidosis in humans is based on climadillogical,
microscopic, computed axial tomography (CT scanning), immunologitetidBand
Pathak, 1990; McManugt al., 2003) and magnetic resonance imaging (MRI)
methods (Khuroo, 2002). Clinically it is difficult to diagnose withol taid of
laboratory investigation. If the CT scan shows a cyst regagdié confirmation by

serology, a diagnosis should be made (King, 2000).

The diagnosis of cystic echinococcosis in livestocE. @ranulosus is mainly
based on necropsy findings (Ecketral., 2001 a). Diagnosis by clinical examination

is rarely made. Ultrasound examination for cystic structureg Ipeaused for the
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diagnosis in smaller animals, such as sheep and goats, bub#draslso used in the
horse (Eckeret al., 2001 a). Diagnosis of hydatidosis is by post mortem examination
of tissues, especially livers and lungs. In post-mortem exaiminigsions are found

to be fluid-filled cysts. The size of cysts may vary from alzoping-pong ball to a
cyst comprising several liters of fluid. More than 90% of th&twccur in the liver
and lungs but may occasionally occur in other organs such as kidnegsn,spl
omentum, heart etc. (McManet al., 2003). Cysts may contain many protoscolices
(fertile cyst) or only fluid (sterile cyst). These cyste differentiated from other
diseases like tuberculosis, tumors, pulmonary sequestration, wigckean as a
parenchymatous opacity (Pawlowsdti al., 2001) and can also be diagnosed by

immunological tests and by molecular methods.

Immunological tests, although useful in humans, arséssitive and specific in
livestock and at present cannot replace necropsy (Gtaaty, 2003; OIE, 2004).
Clinical practice in humans should be noted that enzyme- linked immunosorbe
assays (ELISA) using crude hydatid cyst fluid have a high séhsitover 90%) but
specificity is often unsatisfactory (Eckert and Deplazes, 2@Dd4ixently there is no
suitably sensitive and specific serological test available hfgdatidosis for any
livestock species (Eckedt al., 2001 a). But a study by Kittelbergetr al. (2002)
evaluated three ELISA tests employing a purified Antigen B sut) amecombinant
EG95 oncosphere protein (OncELISA) and a crude protoscolex antigen (F¥&JEL
in naturally or experimentally infected sheep with granulosus. The highest
diagnostic sensitivity was 63% with the protoscolex antigen, butfspges were
high at around 96%. Although these sensitivities are relatively ih terms of
individual cases, the assay could be beneficial if used on a fletk Bdso, recently
Simsek and Koroglu (2004) investigated antigenic characteristiwgdattid cyst fluid
in sheep by the SDS-PAGE method, to evaluate sensitivity andicipeof ELISA
and Enzyme-Linked Immunoelectrotransfer Blot (EITB) assay fordiagnosis of
sheep hydatidosis, and to determine seroprevalence of hydatidosis shdbp
population. The result showed that 116kDa band was specific in sheepe&E B
by using the antigen prepared from sheep hydatid cyst fluid. Ségsiénd
specificity of EITB assay were determined as 88% and 84% whewmreesponding
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rates for ELISA were 60% and 94% respectively. Also seropraeal of hydatidosis
in sheep was found as 62% by ELISA and 66.4% by EITB. Recent studiesssugg
that EITB has potential to serve as an inexpensive diagnostieillmce and
research tool in sheep. The cysts of different strains cantbegdished by molecular

methods by PCR and different primers.

The disease in definitive hosts is mainly diagnosed byithsence of adult
tapeworms attached to the dog’s small intestine. But, in postimakamination of
dogs, the small tapeworms lie deeply between the villi ofritessiinal mucosa, and
are often overlooked. In living dogs, examinations of faecal sanapiesione by
coproscopy, but th&aenia eggs can not be differentiated, except excreted proglottids
resembling rice-corn like. NowadayEgchinococcus species can be diagnosed by
several indirect methods such as: serum antibodies; copro-antigeparasite DNA
in fecal samples (OIE, 200&raig et al., 2003). ELISAs for specific copro-antigens
have been developed, that have sufficient specificity and setysitori detecting
Echinococcus species in faecal material from infected dogs and definitivis hakso,
ELISA based on detection of antibodies has been developed for diagnosing
Echinococcus species in the serum of infected final hosts. ELISA based on the
detection of specific antibodies has not reached a practical atge does not
differentiate between current and previous infections (OIE, 2004g €ral., 2003).
Recently Benito and Carmena (2005) reported that double-antibody sandvw&@h EL
can be used for the detectionEfgranulosus. Also DNA analytical techniques have
been developed such as PCR-restriction fragment length polymorghGRiRFLP),
random amplified polymorphic DNA-PCR (RAPD-PCR), and southern blotsi)
offering the most direct approach to the characterization of disfpecies and strains

of Echinococcus (McManus, 1996).

The copro PCR test is aimed at detedfcgnococcus DNA present inTaenia
eggs of fecal samples. It gives more accurate estimaficdhe potential risk for
human infection than ELISA-based methods. For the development OE.an
multilocularis-specific PCR copro test two different genes have been usetlllthe
snRNA gene (Bretagnet al., 1993) and the mitochondrial 12 sRNA gene (Dirstel
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al., 1998). Until now, no equivalent copro DNA test has been developeH. for
granulosus. An E. granulosus-specific PCR was described that utilized the
mitochondrial CO1 gene with reported sensitivity equivalent to tibectien of 200
eggs and no cross-reactions were observed with DNA fommultilocularis, T.
hydatigena, Taenia ovis or Dipylidium caninum cestodes (Cabreghal., 2002). Also,
Abbasiet al. (2003) reported that this test enabled species-specific idatibficof E.
granulosus isolated ova, but with a sensitivity of only several hundred.egye
sensitivity limit was at least 100 eggs per gram of faetle reported sensitivity of

the PCR was lower fdt. granulosus than for theE. multilocularis.

2.7 Therapy and Treatment

2.7.1 Treatment against Tapeworms in Dogs

A wide variety of anthelmentics (arecolin, niclosdeni benzimidazole
compounds and praziquantel) are available for the treatment of echiosisogt
dogs (Bhatia and Pathak, 1990). Praziquantel, the drug of choicéedsvef against
both juvenile and aduEEchinococcus parasites. The dosage rate of praziquantel is 5
mg/kg (Eckert and Deplazes, 2004; OIE, 2005).

2.7.2 Treatment of Cystic Stages in Humans

In humans, surgical removal of the hydatid cyst istr@tment of choice for
symptomatic cysts (Safioeas al., 1999). Several of the benzimidazole compounds
have been shown to have efficacy against hydatid cysts. Longtrtestment with
albendazole has a particularly marked effect on the cysts, aisédsas pretreatment
before surgery (Morrigt al., 1990; Horton, 2003). The albendazole sulphoxide was
shown to be an active anthelminthic (Horton, 2003). The current recomtioenioka
the World Health Organization is percutaneous puncture under sonograplainagi

aspiration of cystic fluid, injection of a protoscolicidal agentdhol) and re-
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aspiration of cyst content. This procedure needs to be further ®dhlimalarger
studies (Riengchaet al., 2004).

2.7.3 Prevention and Vaccination

There is no drug treatment in herbivores or omnivores.céhtol procedure
used to eliminate echinococcosis from Iceland, the Falkland Isldadsania and
New Zealand is not appropriate to continental environments. A vatwipeotect
grazing animals against infection is an additional control methadfdlcases on
grazing animals instead of the dog (Hea#thal., 2003). Vaccination with a
recombinant oncospherd&. granulosus antigen (EG95) induces high degrees of
protection, reducing the cyst numbers in vaccinated sheep by apprdyi8@i0%
(Healthet al., 2003). A high degree of immunity (about 80%), persists for six months
(in absence of re-infection), and pregnant ewes vaccinated bafakeng transfer
high levels of antibody to their lambs (Health and Lightowlers, 199Wile
considerable research has been undertaken with crude antigens to gwgtetiom

echinococcosis, no real success has been demonstrated so f&O@IE,



3. MATERIALS AND METHODS

3.1 Study Area

The area selected for this study was Kathmandu Véfigure 1) in Nepal.
Kathmandu is the capital city of Nepal. The valley covers ab8ditsq. km. or 0.36%
of the total land surface but has a population of about 1.645 million 6% & the
total population of the country (CBS, 2004). Kathmandu is situated at 13@0sme
above sea level and has a temperate climate. Being thal @dyit it is also the main

economic and business center of the country.

Samples for investigating hydatidosis of slaughtered lbefavere collected at
a buffalo slaughterhouse, private (individual) butchers’ places ardsiges where

livestock are slaughtered.

Faecal samples from dogs for investigatiehinococcus were collected from
compounds around the slaughterhouse, areas of private (individual) butthees,

riversides, garbage sites and temple sites.

The duration of the sampling period was from November, 2084rih 2005.
Field work was performed in the Kathmandu Valley, Nepal. Laboraliagnosis was
performed partly in the Central Animal Disease Investigatioaboatory,
Kathmandu, Nepal and partly in the Institute of Parasitology, Eheieersitat Berlin.
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Figure 1. Map of Nepal and Kathmandu Valley
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3.2 Justification for the Site Selection of the Study Area

Today, the Kathmandu Valley is polluted due to a largebeurof factors
including a high density of population, contaminated water, lack of ptoygene
and sanitation facilities and an uncontrolled and unmanaged dog populatidhestc.
dog population in Nepal is more than eighteen million (Jeséli., 2003). Ruminants
are slaughtered daily in one slaughterhouse, at riversides ptawksn open areas.
Butchers kill animals either in small courtyards or on the growuatdlof their own
houses. The fresh meat is distributed either through small oatletsectly to the
customer. Nepal is dependent on the importation of animals from dia,though
the States of India from which animals are obtained ban the expartiroils for
slaughter. This makes the meat sector dependent on clandestimg taativities
(TLDP, 2002). Also the major buffaloes markets in Nepal areddca the Terai area
where Indian and Nepalese buffaloes are mixed and flow into the tmgrkgstem
(TLDP, 1999). Buffalo meat is in high demand in the Kathmandu Vallay to
economic and cultural factors. Most of these buffaloes are brougfm tkathmandu
Valley from the Terai region. Only a few people are raisunginants in their own
houses in the Kathmandu Valley. In this valley, there is inadequater supply and
waste disposal facilities. The institutions and governmentad fateslaughter are also
weak, resulting in almost no monitoring. So, when people kill anirttedy, leave the
leftover carcass on the ground. Dogs, pigs and birds come to thexses dbr
scavenging, leading to extended contamination. Rumen contents are thrdven
river, thus polluting the water. In turn people use river waieclkeaning vegetables
and washing clothes. Also children come to play around these places adges
faeces are additionally present, at riversides and contamipktegls. So there are
high chances of occurrence and the spread of zoonotic diseases throagiotiness.
Hence, an enquiry in this area is expected to be beneficial notooidkgntify disease

occurrence, but also to initiate improvement measures.
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3.3 Research Design and Study Process

The study was designed as a descriptive cross-sécioway. The study is
based on two categories of samples: buffaloes and stray dogsvétppeor hygiene
and sanitation seriously raise questions as to how far theresisa hydatidosis due
to contamination by stray dogs. The study, therefore, concentratednesyiag
carcasses and collecting cysts from buffaloes after obseandgidentifying the
infected carcasses. Similarly, in how far stray dogs &éeeted withE. granulosus
was studied by collecting and examining their faeces. In how far wege affected
was compared among stray dogs around the slaughtering places ane géadsagnd

those around temple sites. The collected samples were tesibdrnatories.

Apart from these, an awareness survey was madéwibiutchers to understand
their practices and collect opinions regarding the various aspedsugjhtering,
knowledge and understanding of echinococcosis/hydatidosis and their behavior. The

guestionnaire for enquiry has been included in Annex I.

Besides, the butchers were also given information on gactiges and health
risks from unhygienic practices to enable them to understand thieygraproblems
emanating from poor hygiene and lack of knowledge. This is expectédlgo
significantly in generating awareness among butchers, vitdioran and livestock

health particularly in view of their poor awareness.

3.4 Sample Size and Sampling Method

There is no specific census of the population of butcherdyarumh buffaloes
slaughtered and number of stray dogs in the Kathmandu Valley. Heneas
difficult to make a proper sampling plan. Therefore, the followarging processes

were adopted.

- First of all, buffaloes slaughtering places were mappedmsudtation with

the Butchers’ Association of Kathmandu.
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- Secondly, the total number of slaughterhouse, riverside slaygaces, and

butchers’ individual slaughter places were estimated.

The association provided information that in a slaughterhandeat four
riverside areas, buffaloes are slaughtered, and 103 butchers walteg were
involved in slaughtering buffaloes as well. In view of these numtrergded by the
Butchers’ Association for this study, the slaughterhouse (100%) andobG¥%e
riverside places were selected for sampling. Similarly, 38%he butchers were
selected for sampling purposes. For the selection of the sampiéawgfhtered
buffaloes, a convenient sampling method was applied. In view opihgosed
sampling method, an attempt had been made to enhance the sammparake the

sampling more representatives.

The proposed sample size of the slaughtering area asdriipe size of the

buffaloes are listed in the following tables.

Table 1. Proposed sample size for buffaloes slaughtering areas

Sites Number Selected numbgr Percentages
Slaughterhouse 1 1 100
Riversides 4 2 50
Individual butchers 103 34 33
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Table 2. Sample size of slaughtered buffaloes

Sites Proposed | Examined samplg No. of visits days
sample size size
Slaughterhouse 100 120 10
Riversides 96 120 24
Individual Butchers 204 260 34
Total 400 500 68

The total proposed sample size for buffaloes investigair hydatidosis was
400 in 68 total visits. However, following the flexible strateigythe same 68 visits,
500 buffaloes’ samples were investigated in the following mannee. total of
samples segregated for the slaughterhouse was 100. Ten samgple/etisi made in
the slaughterhouse and on each occasion 12 buffaloes on an average emexiobs
From there total 120 slaughtered buffaloes were examined. In tleeveayn 12 visits
each were made to two riversides places. Altogether, 120 staedHiuffaloes were
examined from there. Similarly, among 103 butchers places, 34dndivbutchers’
places were visited. The total proposed sample size in tligagtwas 204, but on
each occasion 5 to 7 butchers places were visited and altogethem@@iéssaere

examined during 34 visits (Table 2).

For the stray dogs too, a convenient sampling method ppdieca The total
proposed size was 300 in order to make the study representativebiialoes, the
sampling plan of dogs was also made flexible to enable the inavkage, so that a

larger sample size would be feasible. The distribution of th@leasmwvas as follows:
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Table 3. Sample size of dogs’ faecal materials

Sites Proposed Collected Percentage
sample size | sample size
Around buffaloes slaughtering 200 261 71.3
areas (slaughterhouse,
riversides, individual butchers
places) / garbage sites
Temple sites 100 105 28.7
Total 300 366 100

Three hundred sixty six dogs’ faecal samples werectedle more than the
proposed 300. About 71.3% dog faecal samples were collected fromnrerasthe
buffaloes are slaughtered (slaughterhouse, riversides, indiodtciers’ places and
garbage sites) and 28.7% were collected from temple siteie(3a

3.5 Materials Collection

* Samples: Hydatidosis or infected organs of buffaloes (liverduarg$) were
collected.
» Collected cysts materials differentiated as fertile aadlstcysts.

* Faecal samples of stray dogs were collected from the ground.

3.6 Methods

The methods for field survey and laboratory examinationspaicfied below:
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3.6.1 Hydatidosis Survey

Different organs e.g. livers, lungs, spleens,thaad kidneys of slaughtered
buffaloes were examined visually for hydatid cyst. The organs pedpated carefully
for any swellings for detecting hydatid cyst in each slaughtarechal. Infected
organs for hydatid cyst were collected in plastic bags for furtaboratory

examination.
3.6.1.1 Laboratory examination of the cysts

In the laboratory, the cysts were examined to diffexeenthe fertile (containing
protoscolices) and sterile (without protoscolices) cysts under tbesoope. The
materials which looked like cysts but did not fit the above caitegre discarded. The
cyst of E. granulosus was differentiated from the cyst @&enia hydatigena by the
presence of one scolex or many protoscolices. A cy&t gfanulosus may contain a
hundred to a thousand protoscolices, whereas the cyshgdatigena contains only
one scolex. The latter cyst occurs predominantly in the viscetheofibdominal

cavity, but also in livers. In the laboratory, the cysts vexamined as follows:

First of all the cysts were separated from thar@gThen the cyst wall was split
open by a scalpel blade and the cyst content was poured into a $tetde drop of
fluid containing protoscolices was placed on the slide, covered veitiver slip, and
was examined under the microscope at 100 and 400 magnifications. Sroaiitaf
fluid containing protoscolices was stored at>@@nd was brought to Berlin for PCR

test. The rest cyst and fluid materials were sterilizetbbyalin and were discarded.
3.6.1.2 Strain identification by PCR
In order to identify the strains & granulosus present in the protoscolices

samples by comparison with published gene sequencds gfanulosus strains

(M'rad et al., 2005), we undertook the procedures for DNA extraction and
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amplification described in section 3.6.3.2 and 3.6.3.3., using a pool@tesainfiuid

taken from protoscolices.
3.6.2 Collection of Faecal Samples of Stray Dogs

Three hundred sixty six faecal samples from straywegs kept in plastic bags.
From these samples about one gram of faecal materials pastsel and was mixed
with 3ml of 10% buffered formalin. The remaining samples weredtat -28 C for
PCR test.

3.6.2.1 Microscopic examination

The collected faecal samples were examined by ceoatienttechnique. The
concentration procedure recommended was the formalin-ether method, Y9BID.
All types of worm eggs (roundworms, tapeworms, schistosomes, &ed fhike
eggs), may be recovered by this method. The method is as follewanilliliters of
10% formalin was added to approximately 1g of faeces and stirredarsemgplicator
stick, until a slightly cloudy suspension was observed. Wet gauagdgs) was fitted
on top of a wax paper cup. Then the faecal suspension was passed thraaizéhe
into the cup and the content was transferred to a centrifuge tube. figlonalin
solution was added to reach the final volume of 10ml. Then 3ml of et added.
The cap was locked and was shaken well for 30 seconds and centrifugedifarte
at 450xg. The fatty plug (debris) was discarded with an applictick, and the
supernatant was poured away by quickly inverting the tube. The tubeeplased in
its rack and the fluid was allowed to drain down to the sediment osidae of the
tube. Then the sediment was mixed well and a drop was transieaedide, covered
with a cover slip and was examined under the microscope by 100 and 400

magnifications. All helminthes eggs were recorded.

It is only possible to differentiake granulosus eggs from otheTaenia ones by
copro-antigen ELISA and by PCR with specific primers. Becafigbat, allTaenia

egg-positive faecal samples and some randomly selected megatinples were
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brought to Berlin by keeping them in a cool box with dry ice pack. Thesethe

samples were stored at %P0

3.6.3 Differentiation ofEchinococcus granulosus Eggs from
other Taenia Eggs by Polymerase Chain Reaction (PCR)

in Stray Dogs’ Faecal Samples

Before collecting th&enia eggs for DNA extraction, all samples were kept at
-80°C for 5 days to inactivate the eggs present in faecal sampheseafter, the

samples were processed as follows:
3.6.3.1 Separation of eggs from faecal materials

Three grams of dog’s faecal samples were mixdd 20t30ml of zinc chloride
(300g ZnCj+ 450ml water) solution. The faecal samples were well mashdéd w
ZnCl, solution and were passed through 100pm mesh sieve to remove undigested
particles. The solution was centrifuged at 400xg for 30 minutessdjernatant was
passed through a 20um mesh sieve. The sieve was washed thoroitigitistiied
water supplemented with 0.2% Tween 20 (Maéhid., 1996). The materials retained
in the sieve were transferred into a tube with a flattenedasidecentrifuged for 5
minutes at 700xg. After that the supernatant was discarded. Onefdegiment was
put on a glass slide to count the eggs under the microscope at 10ficatigns. The

pellet (about 300ul) obtained was used for DNA extraction.
3.6.3.2 Alkaline lysis of eggs to yield DNA

The whole 300ul pellet was taken and 25ul 1M KOH and 7 dIMoDTT
(dithiothreitol) were added, mixed and incubated 4C6®r 15 minutes (Bretagret
al., 1993; Sherifi, 2005). Thereafter, the solution was neutralized bpg@é0ul 2 M
Tris-HCI, pH 8.4 and 2ul 32% HCI, centrifuged and mixed for 30 secdrmsDNA
was purified by using the QIAarﬁpDNA Mini Kit (Qiagen, Hilden, Deutschland)

according to the manufacturer’'s recommendations. Two hundred micdisas-
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buffer AL and 20pl proteinase K were added and incubated’ax #66 10 minutes
and centrifuged in 1.5ml micro-centrifuge tubes to remove drops thennside of
the lid. After that 50pl Chelex 50% (Bio-Rad Laboratdtjeslercules, Minchen,
Deutchland) was added in order to remove PCR inhibitors. A 400ul sarapleaken
in a new micro-centrifuge tube and 200ul ethanol (96-100%) was addesd] far 15
seconds and centrifuged at 6,000xg for 1 minute. QlAamp Spin Column aezs pl
in a clean 2ml collection tube, and the tube containing the filivatediscarded. Five
hundred micro-liters wash-buffer AW1 was added into the QIAamp Gplimmn and
centrifuged 6,000xg for 1 minute. Then QIAamp Spin Column was placedl@aa
2ml collection tube, and the tube containing the filtrate was disdaiThis step was
repeated. After that 500ul wash-buffer AW2 was added into the r@pA8&pin
Column and centrifuged at 20,000xg for 3 minutes. This step was remeadime
again. Then 50ul buffer AE (Elution Buffer) was added into the @iA&Spin
Column and incubated at room temperature for 5 minutes in order toSadDdNA
yield. Then samples were centrifuged at 6,000xg for 1 minute andsteeeel at
-20°C.

3.6.3.3 DNA amplification

PCR amplifications were carried out according to P&0®3) in 25ul (for 1

sample) reaction volumes containing the following reactive:

Reaction mixtures Volume Concentration
MgCl, 10 pl 2.5mM
10xPCR buffer 2.5l 1x

dNTP’s (dATP, dCTP, dGTP and 0.25ul 1mM (250uM each
dUTP) nucleotide)
Primers (CO1-1)/ (CO1-2) 0.5ul/ 0.5l 1uM
DNase/RNase free Aqua dest 6.05ul

Ampli Taq Gold® Polymerase 0.2ul 1 Unit

Template DNA 5ul
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The primer pair used for the amplification of the mitochiahdytochrome c
oxidase (CO1) gene were JB3 (5’ TTTTTTGGGCATCCTGAGGTTTAY f8tward
primer and JB4.5 (5 TAAAGAAAGAACATAATGAAAATG 3’) reverseprimer
(Boweles and McManus, 1994). The reaction mixtures were overldicowe drop of
mineral oil and centrifuged at 10,000xg for 5 seconds. The tubestalee to a

thermal cycler with the following profile:

The PCR was carried out in Trio-Thermobi8tkrhermocycler (Biometra,
Gottingen, Germany), programmed to perform a denaturation step’@tf@5 15
minutes, at 5% for 30 seconds and at®@2for 2 minutes (to activate the Taq Gold
DNA Polymerase), followed by 39 cycles consisting of 30 second35’at, 30
seconds at 3¢ and 2 minutes at 2. The last extension step was 10 minutes

longer. The samples were stored 4.4
3.6.3.4 Gel electrophoreses

The PCR products were electrophoresed through 2% agales&5Tml gel
contained 2.5pl ethidium bromide (SIGMA Steinheim, Deutchland). The
electrophoreses chamber was filled with a buffer solution (1xrefguireses buffer)
until the top surface of the gel submerged by approximately 1 mmbilhaf sample
buffer was mixed with 25ul of PCR product and centrifuged at 10,000xg0for
seconds. The 10ul samples and 10ul DNA Marker were placed intwsaggl wells.
For each set of PCR reaction, negative controls (no DNA) andiveosiontrols
(Taenia hydatigena) were included. The bands were visualized under Ultra Violet

(UV) light. The control target yields an amplicon of about 440 bp uponitéeagbn.
3.6.3.5 Purification of PCR products

The PCR products were purified by using a commercialHigh pure PCR
product purification kit, Roche Applied Science, Mannheim, Germany). Five
hundred micro-liters of binding buffer was mixed with 100ul PCR samifihe

mixture was placed into a high pure micro-centrifuge filter tabd centrifuged at
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13,000xg for 30 seconds. The sample was washed with 500ul wash buffer and
centrifuged at 13,000xg for 1 minute. Again the sample was waslhie@0dul wash
buffer and centrifuged at 13,000xg for an additional 1 minute to removediteies.
To elute the DNA sample, 50ul elution buffer was added into a high rpime-
centrifuge filter tube and centrifuged at 13,000xg for 1 minute. Tme®eo-

centrifuge tubes contained the purified DNA were stored 8€-20
3.6.3.6 DNA sequences

The DNA concentration was estimated by means of @rgpkotometer, the
Gene Quant Calculaf®r (Amersham Pharmacia Biotech, Freiburg, Germany).
Approximately 100ng of purified PCR products were sent for sequenciregjteesce
Laboratories Goettingen GmbH using CO1-1 forward and CO1-2 repersers.
Sequences were recorded as chromatographic files. Forward amgersequences
were compared for each gene fragment, and sequences were maudlitelly and
aligned using GenedBaoftware (Nicholast al., 2005). The verified double stranded
CO1 sequences were compared to the following GenBank CO1 sequences: U50464
(G1), M84665 (G5) and M84666 (G6) (M’ratial., 2005). Mutations found in CO1
sequences were compared to GenBank with the search tool ‘BasicAligrenent
Search Tool’ (BLAST) with default parameters.

3.7 Data Management and Analysis

Field and laboratory data were entered into MicrosoftiEXa and results
from experiments were presented systematically in tabular sforitherever
applicable, percentages were calculated and presented. Comparisan af more
strata or with theoretical basis was done by applying Chi-sgkearskal-Wallis and
Fisher's exact tests. Results were discussed against threttbal proportions and
findings of previous studies. The detailed methodology for testing avatdtory

procedures has been specified above in the appropriate sections.



4. RESULTS

The basic objectives of this study were to identifyoteurrence of hydatidosis
in slaughtered buffaloes and the prevalence of echinococcosis ¥ dbigs.
Following the objectives, 500 slaughtered buffaloes were invéstigand similarly
366 dogs’ faecal samples were collected and examined. In vidve @xtensive use
of buffalo meat in Kathmandu Valley and existence of a large nuoflsray dogs,
these problems are considered to be of serious public health impoaeceesults

of the study are presented below.

4.1 Occurrence of Hydatidosis in Slaughtered Buffades

4.1.1 Occurrence by Sites

Occurrence of hydatidosis in slaughtered buffaloesfatelit places is shown in
the following table:

Table 4. Occurrence of hydatid cysts in slaughtered buffaloesdsyisiKTM

valley, Nepal.

Sites Buffaloes
No. examined No. infected % infected 95% ClI
Slaughtel’house 120 8 6.7 29-12.7
Riversides 120 12 10.0 53-16.8
Indngdual eRo 33 12.7 8.9-17.6

butchers (n=34

Total 500 53 10.6 8.0-13.6

x%= 3.21, 2df, p=0.2013; CI = Confidence Intervat mumber of individual butchers
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Table 4 shows that out of 120 buffalo carcasses examitteel staughterhouse,
6.7% were infected with hydatid cysts while in slaughter stesag the riversides
10.0% of the carcasses had hydatid cysts. Of those 260 buffaloesvehat
slaughtered by individual butchers, 12.7% of them were found with hydestisl c

Overall, 10.6% of the 500 buffalo carcasses examined hadichyxets
However, there was no significantly (p= 0.2013) different in theiwence of hydatid

cysts among the different sites.
4.1.2 Occurrence by Organs

Occurrence of hydatid cysts were examined in variowsrigke lungs (Figure
5), liver (Figure 6) and others organs (spleen, heart and kidmag).results are

shown in following Table 5.

Table 5. Distribution of hydatid cysts by organs in 500 slaughteredid@estan
KTM valley, Nepal.

Organ affected Buffaloes
No. infected (%) 95% ClI
Lungs only 32 (6.4) 4.4- 8.9
Liver only 12 (2.4) 1.3-4.2
Lungs and Liver 9(1.8) 0.8-3.4
Total 53 (10.6) 8.0- 13.6

H=18.33,d.f. =2, p=0.0001

Cl = Confidence Interval

Table 5 shows that 6.4% of buffaloes infected with hydatits ayere found in

the lungs only, and 2.4% in livers only. The occurrence in both orgargs &nd liver



36

was 1.8% while no cyst was found in the spleen, heart and kidnepewed that the
occurrence of cysts was significantly (p= 0.0001) different anio&agrgans.

4.1.3 Fertility Status of Hydatid Cysts

Cysts were examined to differentiate whether theg Veztile or sterile (Table

6).

Table 6. Occurrence of fertile and sterile cysts by orgaB8@mslaughtered buffaloes
in KTM valley, Nepal

Affected Animal Animal Animal | % infected| % infected
Organ infected infected infected | with fertile | with sterile
_ with fertile | with sterile cysts cysts
with cysts
cysts cysts
Lung only 32 19 13 59.4 40.6
Liver only 12 7 5 58.3 41.7
Liver + 9 5 4 55.6 44.4
Lungs
Total 53 31 22 58.5 41.5
(10.6%)* (6.2%)* (4.4%)*

()*, Percentage of each column total out of 508neixied buffaloes

The distribution proportions of fertile and sterile cystorgans are shown in
Table 6. In a total of 32 infected lungs only 59.4% were fertilesaysd 40.6% sterile
cysts. These two proportions were not significantly (p= 0.127) difiteHowever, in
a total of 12 infected livers only 58.3% were fertile cysts 4hd% sterile cysts.
These two proportions were not significantly (p= 0.408) different. ¥4wem a total

of 9 combined infected livers and lungs 55.6% were fertile cygls4d.4% sterile
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cysts. These two proportions were not significantly (p= 0.635) difterAlso in a
total of 53 infected buffaloes, 58.5% were fertile cysts and 4%i8%e cysts. These
two proportions were not significantly (p= 0.076) different. In genetdl of 500
slaughtered buffaloes, 10.6% of the animals were infected withitydjests. Among
these, 6.2% were infected with fertile cysts and 4.4% withlesteysts. These
proportions were not significantly (p= 0.204) different. The feytibf cysts was
proved by microscope where the protoscolices could be demonstratednas se

figure (7).

4.2 Prevalence ofTaenia Eggs in Stray Dogs’ Faecal

Samples

Dogs’ faecal samples were examined Taenia eggs by the ether formalin
concentration method in different sites. The results of percemtiJeenia egg-

positives (Figure 8) in stray dogs’ faecal samples are dietow in Table 7.

The Table 7 shows that out of 366 total stray dogs’ fasmables, 17.6%,
14.1%, 9.6% and 7.6% were found to be positive Wienia eggs around slaughter
sites (slaughterhouse and individual butchers’ places), rivergdesage sites, and

temple sites respectively.

Overall, 12.8% of stray dogs’ faecal samples vievad to be positive with
Taenia eggs. However, the percent distribution Tdenia eggs positive around

different sites was not significantly (p= 0.2148) different.
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Table 7. Distribution offaenia egg positives in dogs’ faecal samples in different

area in KTM valley, Nepal

Area No. of No. of positive 95% ClI
samples samples (%)
Slaughterhouse and 131 23 (17.6) 11.5-25.2

individuals’ butchers places

Riversides 78 11 (14.1) 7.3-23.8

Garbage 52 5(9.6) 3.2-21.0

Temples 105 8 (7.6) 3.4-14.5
Total 366 47 (12.8) 9.6 - 16.7

X2=5.76, 3df, p= 0.2148; Cl = Confidence Interval

4.3 Prevalence of Different Helminths Eggs other thn

Taenia Eggs in Stray Dogs’ Faecal Samples

Apart fromTaenia, other eggs from different helminths were also found in the
faecal samples of dogs as shown below in Table 8. Some of the vaggsisound

were hookwormsTirchuris/Capillaria, Toxocara, Spirometra and Physaloptera.
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Table 8. Distribution of helminths eggs other tHaenia eggs in dogs’ faecal

samples in KTM valley, Nepal

Sites No. of % % % % %
samples of Trichuris/ | Toxocara | Spirome | Physal
Hook | Capillaria tra optera
worm
Slaughterhouse 131 16.0 22.9 12.2 15 0.0

and individual

butchers’ places

Riversides 78 14.1 15.4 14.1 0.0 0.0
Garbage 52 36.5 26.9 19.2 5.8 0.0
Temples 105 8.6 13.3 8.6 0.0 1.9

Total 366 18.3 19.1 12.6 1.4 1.9

4.4 Results from PCR

4.4.1 Strain ldentification of. granulosus Cysts by PCR

The pooled sample of protoscolices from buffalo cystsulgected to PCR and
was positive. The sample was next sequenced and aligned withribgyppes G1
(sheep strain), G5 (cattle strain) and G6 (camel str&@ay)ed on gene alignment
between the sequenced gene and published sequences€Mira@005), the sample
showed 99.7% homology with the genotype G1 (sheep strain), 91.3% homolbgy wit
genotype G6 (camel strain) and 91.3% homology with genotype G5 &ladile), see

Figure 2.
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Figure 2. Gene sequence from pooled protoscolices sample (PSCd/drsar
Reverse) aligned agairnst granulosus sheep strain G1 (U50464) (M'ratl
al., 2005)

4.4.2 Strain ldentification ofE. granulosus Eggs from Stray

Dogs’ Faecal Samples by PCR

The genomic DNA ofaenia eggs from 47 microscopically positive dogs’ faeces
samples were examined by PCR. Out of these samples, 11 (23.4%)foued
positive for PCR; the remaining 36 (76.6%) were negative ($g@re-3. for an
example). All samples (20) that were negative by concentraidmigue were also

negative by PCR.
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M12 3456 7 8 9101112131415 1417

440 bp™>

Figure 3. PCR products of genomic DNA froffaenia eggs amplified with
mitochondrial CO1 primer. M is the molecular sizarker of 100 bp.
Lanes 1-15 were fronfaecal samples positive fofaenia eggs in
microscope. The expected 440 bp PCR products wateetéd in four of
the samples as shown in lanes 5, 8, 11and 14. ll#hasd 17 are negative

and positive controls, respectively.

Five dog samples chosen from the PCR-positive samglesalso sequenced
and aligned with the genotypes G1 (sheep strain), G5 (catii@)sand G6 (camel
strain). Because the sequencing data received from four of ébal feamples were
unsatisfactory, homology analysis was not performed on these. Theaomge
(sample number ‘3’) which was analysed, showed 99.3% homology witfetiutype
G1 (sheep strain), see Figure 4.
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Figure 4. Gene sequence frohaenia eggs in a dog faecal sample (sample 3-
Forward/sample 3-Reverse-sequence) aligned adaigsanulosus sheep
strain G1 (U50464) (M'radt al., 2005)

4.5 Results from Questionnaire Survey

A small survey was conducted to assess the awarehésschers regarding
slaughtering practices, knowledge of the disease and use and/orabispesste
materials and disease-infected meat (Table 9). Altogether, 8hdratresponded to

the questions.
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It is to be noted that only a limited number of buffalcese from Nepal while
the majority (78.4%) were mixed between Nepalese buffaloes guatted buffaloes

from India.

It is clear from the response that the diseasenigjar animal health risk in
Nepal. This is proven by the response of the butchers. Among the resEon@4%
percent stated that they found the cysts in the slaughtered arsorattimes or
rarely, while 10.8% responded that such cysts were found quite oftena@uther
10.8% said that such cysts were not found. The response of the mé§Orizgo)
indicated that such cysts were found sometimes/rarely or quiem,ottlearly
indicating the wide-scale persistence of the problem in Nepalmidst worrisome
factor is that a substantial majority did not know about this zoonatiglgm. Only
one butcher (2.7%) among 37 respondents was found to be knowledgeable about the
disease. A lot of misuse of infected meat as shown by subsegsigonses may have

emanated from lack of knowledge.

The results derived from the survey on the use or dispbsakat are quite
horrifying, indicating serious human and animal health risks. A substamajority
(81.1%) said that they sold the infected meat for human consumptiomeafteving
the cysts. A small number (8.1%) sold such infested meat for cetsmmby
animals. In either case, the risks to dogs by contaminatiorggravated. A majority
of butchers (62.2%) gave such infected meat to stray dogs; thisicemhan
additional risk for dogs. This response is almost similar to thetigue what is the
general practice of use/ disposal of infected meat in KathmanliieyVahere 5.4%
were using infected meat for animal feeds, 40.5% were usirigifoan consumption

and 54.1% for both purposes.

The waste disposal practice is also far fromfaat@y. It may be due to lack of
proper waste disposal sites. The 24.3% dispose waste materthls @ver sides,
polluting and contaminating the water body. However, 56.8% dispose magteial

in open sites around the slaughtering places. Also, 18.9% were disbsibmih
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riversides and open sites. Both these practices are highly widesand increase the

possibilities of contamination of environment significantly.

Table 9. Results of questionnaire survey in KTM valley, Nepal.

No. Question Number | Percentage
1 | Source of buffaloes
a. From country 8 21.6
b. Mixed (Nepal and India) 29 78.4
2 Finding of cyst materials
a. Quite often 4 10.8
b. Sometimes/Rarely 29 78.4
c. No 4 10.8
3 | Awareness about disease
Yes 1 2.7
No 36 97.3
4 Use/disposal of infected organs or meat
a. Sell it for consumption by animals 3 8.1
b. Remove cyst from organ and sell it for human 30 81.1
consumption
c. Cyst not found 4 10.8
5 Feeding of infected raw meat to stray dogs
a. Yes 23 62.2
b. No 13 35.1
c. No response 1 2.7
6 Disposal of waste materials of slaughtered buffalpes
a. Dispose it at riversides 9 24.3
b. Open site around slaughter 21 56.8
c. Both (a and b) 7 18.9
7 | Use/Disposal of infected meat in Kathmandu Valley
a. Use it to feed animals 2 5.4
b. Use for human consumption 15 40.5
c. Both (a and b) 20 54.1
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Figure 6. Liver of buffalo infected with hydatid cysts.
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Figure 7. Protoscolices of hydatid cyst observed under the microscope

at 400 magnifications (Ocular 10x and Objective 40x).

Figure 8.Taenia egg observed under the microscope at 400 magnifications
(Ocular 10x and Objective 40x).



5. DISCUSSIONS

Meat is one of the most delicious and nutritious foods. IpalNeéhe most
commonly used meat is buff, mutton and chicken. Among those, buffalosmaast
popular in Kathmandu Valley, particularly among Newars, the ntyajaf the
population and other ethnic hill groups. Due to their socio-economic condétiahs
culture, the buffalo meat consumption is very high. These daydethand of buffalo

meat is increasing day by day in restaurants and hotels.

Echinococcosis/hydatidosis is one of the main zoonotic proldehhspal. The
present study on this thesis was conducted in the period from Nove2dfdr,to
April, 2005 at different slaughter places in Kathmandu Valley. Faotatal of 500
randomly selected slaughtered buffaloes 10.6% were infected withichggsats. It is
different from the findings of a previous study, which showed theafgaue of 18%
by Joshiet al. (1996 a) and higher than another study, which showed the prevalence
of 5% by Joshiet al. (1995). Khatri (2003) has reported the prevalence of 22.9%
hydatid cysts among buffaloes slaughtered in three adjoining towKatbmandu
Valley. However, it indicated the higher prevalence of hydatidagiside Kathmandu
Valley. Another study by Bajagai (2004) showed the prevalence of 12.48veos
cases conducted at ward numbers 19 and 20 of Kathmandu municipalityindimg f
is quite similar to the findings of the present study. It is alsmparable to the study
in Southern India by Hafeez (1997), which reported a prevalence ré&el%t It
should be taken into consideration that the majority of slaughtered dmsfah
Kathmandu Valley are imported from India. Such hydatidosis occurneasealso
reported by Mondal (1997), in Bangladesh ranging from 2.4% to 56.0% among

livestock animals including water buffaloes.

The presence of buffalo hydatidosis in the slaughterhouse 6Wés, in
riversides it was 10.0%, and in individual butchers’ places it %#23%. The

percentage is somewhat variable in different sites and malydé¢o the age factor
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and different origins of buffaloes. But statistically these uo@nces were not

different as shown by the higher computed p value (p>0.05).

Comparing the distribution of cysts in the organs likeeslekidneys, heart,
only lungs and livers were infested with hydatid cysts. Among thecafifasses, the
cysts found in the lungs of animals were 6.4%, in livers were a@d4n both, livers
and lungs were 1.8%. It showed that the occurrence of cysts wgaificaintly
(p=0.0001) different among the organs with a higher percentage sfmgstent in
the lungs. Similar results had been reported by Maharjan (1999) aagaB&004)
that lungs were found more infected in buffaloes in Nepal. In Etr®pieteet al.
(1988), Mersie (1993) and Jobeeal. (1996) have reported similar data that lungs
were found to be the most infected organ in cattle and sheep dionPandeet al.
(1988) reported in cattle from Morocco. The findings in the study wleus in
conformity with previous studies made in Nepal and abroad. The orgditeptien
may be due to the strains Bf granulosus involved as certain strains have been
shown to have high predilection to specific organs (Thompson and Lymbery, 1988;
Eckert and Thompson, 1997). Also, this organ predilection could be duedgehs
the animals at the time of infection. Hubbetrtal. (1975) reported that the higher
degree at which the lungs are affected in older animalsribuattd to the greater

diameter acquired with the age of the capillaries of the peetal

Out of the 500 slaughtered buffaloes, 53 were infecteld hyitlatid cysts.
Among these total infected buffaloes, 58.5% were fertile and 41 &% sterile cysts.
So the percentage of fertile cysts was found to be higher thd@e stests. But these
two proportions were not significantly (p>0.05) different. Examinatiorteefertility
status of the cysts in previous studies on buffaloes in Nepal shbae-83% cysts
were fertile (Khatri, 2003; Bajagai, 2004). However, all thigadeevealed the
extensive occurrence of fertile hydatid cysts among water befah Nepal. It could
be hypothesized that high occurrence of fertile cysts in the praseiytcould be due
to old aged buffaloes slaughtered in Kathmandu Valley. This féottteer supported
by Hahn (1987) that fertile cysts were found in older age (>4 yeattfe and sterile
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ones were found in young age (< 3years). The study showed that hydatidos

prevalence is a high risk for dogs becoming infected with echinodsccos

By concentration method, the prevalenc&asnia eggs in stray dogs’ faecal
samples in Kathmandu Valley was 12.8%. Around the slaughterhouse andualli
butchers’ place3aenia eggs were found 17.6%, in riversides 14.1%, in garbage sites
9.6%, and in temple sites 7.6%. This showed that a higher pegeeotgpositive
samples were found in buffalo slaughtering areas. The most pasites offaenia
eggs were also found around garbage sites. This showed that the @eoffirowing
the infected meat around these sites also. People also |&awvere around temple
sites making ritual feasts or other religious ceremonies, gberg for worshipping
or other purposes. Also, some people are still sacrificing tineadsbuffaloes, goats,
etc.) in some temples. People leave bits of food around and stragainggo eat this
food. These findings are not directly comparable with the prevalates (10-39%)
of echinococcosis found in dogs in different countries of Africa, bec#usg
representTaenia eggs occurring in general (Mersie, 1993; Jobteal., 1996;
Macphersoret al., 1985). Also, the present reports on the prevalendaesia eggs
in dogs are not directly comparable with the higher prevalenes (&€6) ofE.
granulosus by the ELISA Coproantigen test found around the slaughtering area in
Kathmandu Valley (Baronet al., 1994).

The differentiation ofaenia eggs and hydatid materials was performed by PCR.
Eleven dog faecal samples were PCR positive using mitochon@ihlp@mers. The
rest of theTaenia egg-positive samples were PCR negative, indicating thatetie
lacks sensitivity forTaenia eggs. Abbaset al. (2003) have reported that this test
enabled species-specific identification Bf granulosus isolated ova, but the lower
sensitivity limit was at least 100 eggs per gram of faedéso, Cabrerat al. (2002)
reported a sensitivity equivalent of 200 eggs Eorgranulosus. All negative (20)
randomly selected samples and the negative control (DNA free) megative with
PCR, and the positive control was PCR positive. This showshiiig tvas no cross-

contamination in this test, and the test had high specificity.
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Both the results of the pooled protoscolices and egg DNis@avere highly
homologous (99.7% and 99.3% respectively) with the genotype G1 (shawp str
E. granulosus. This implied that in the study area, buffaloes may harbostieep
strain ofE. granulosus. However, these results are preliminary and are based only on
one pooled protoscolices sample and one DNA extract fraenia eggs in a dog
fecal sample, and we cannot rule out the presence of other stir&ngranulosus in
the dog and buffalo populations. Further investigation is needed to compvehens
identify the strains present and their prevalence. Thomgsah (1995) mentioned
that buffaloes may harbor three strains, namely sheep, cattlédwafalo strains,
suggesting there may be other strains present which we did notlfiedp the small
sample size. Thompson also reported that the buffalo strain isogdigetery similar
to the sheep strain.

Apart fromTaenia eggs, different other helminths eggs were found in dogs’
faecal samples. Particularlyfoxocara and hookworm eggs contaminate the
environment leading to zoonotic infections primarily in children. Frois it can be
concluded that there is high parasitic infection in the stray dadgeniet al. (1996)
also reported that there was a higher prevalence of helmintlsaiind@s in dogs,

representing 41.6% of total.

Appropriate meat inspection procedures are rarely pedcthroughout the
country. Indeed, dogs have free access to condemned organs evenhitediauges
and slaughter sites located in urban centers including Kathmandu, Nepga were
observed roaming freely within the slaughtering places. Discussitim¢he butchers
revealed that no meat inspection is done to the slaughtered aniftedse
observations lead to the conclusion that dogs are unhindered in gainegss dcc
infected organs. This further confirms enhanced risk to humans beotisas/ed by
Bhatia and Pathak (1990). Besides, there is very little publicessas on the
importance of this disease. These findings are similar to Bdwaand Alkarmi (1997)
and Koskei (1998) described in the Arab and African countries. Theyanedtthat
dogs kept as guards or shepherds are often ‘rewarded’ with theddidazffals of

privately slaughtered livestock. The large stray dog populatimmarpoorly or non-
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supervised abattoirs constitutes the principle definitive hostrvaseof E.

granulosus.

In Nepal, people involved in slaughtering and the meat basaresgenerally
unaware of the problems of echinococcosis/hydatidosis. This has led tof use
infected meat feeding stray dogs. This enhances the risk ofiomfdor humans and
animals health by environmental contamination. Considering the DslAtsehat the
sheep strain is predominantly in Kathmandu Valley, the risk otiioie for human
beings with cystic echinococcosis is increasing. It shows thd feegenerating
awareness among all those involved in slaughtering and the m@iagtbusiness as
well as consumers. It also justifies the need for strengthghmgmonitoring by
government or local government (municipalities) agencies to esslirgg of healthy

meat only, and the safe control of condemned offals.

The waste disposal practices are also highly undesirabich enhances the
possibilities of contamination significantly. Schantz (1996) has regdhat such
careless disposal increases risk. Improper disposal and open gliagghtzeases the
occurrence of hydatidosis (Gemmell, 1987; Dar and Alkarmi, 1997). Témemr
disposal practice adds pollution to water bodies and surroundings tatg firgher
health hazards. Overall, the buffalo meat, one of the staples widdéathmanduites, is
full of risk and a health hazard. The findings of the study clgaslfy that there is a
need to improve disposal practice, create proper disposal &cditid a need for safe
meat inspection. The responsibilities of the government or local $odie

(municipalities) thus are significantly increased.
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8. ANNEXES

Annex |. Questionnaire survey for butchers

1) Where do buffaloes come from?

a) From the countryside (Nepal)

b) Outside the country (Neighboring country)
c) Mixed (Nepal and India)

d) Own farm

2) How often do you get cyst-type materials in slaughteredilmef$?

a) Quite often
b) Sometimes/Rarely
c) No

3) Are you have aware of this disease?

a) Yes
b) No

4) What do you do to infected organs or meat?

a) Throw it away

b) Sell it for consumption by animals

c) Remove cyst from organ and sell it for consumption purpose
d) Any other ------

5) Do you give raw or infected raw meat to feed stray 2logs
a) Yes
b) No

6) How do you dispose waste materials from slaughtered buffaloes

a) Dispose it properly at waste disposal sites
b) Dispose it at riverside

c) Burnit

d) Bury

e) Any other ------



7C

7) What is done in general to infected meat in Kathmandu?

a) Throw it away

b) Use it to feed animals

c) Use for human consumption
d) Any other ----------
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Annex |Il. Reagents, chemicals and buffers

Agarose

Ampli Taq Gold® DNA Polymerase

Chelex 106 Resin

DNA Marker (50, 100 bp)

DNase and RNase free water

dNTP’s

DTT (Dithiothreitol)

Ethidium bromide

Ether

Formalin (10%)

MgClz

Oil (mineral oil)

Tris

Agarose Gel 2%

Agarose

1 x Electrophoresis buffer

INVITROGEN Life Technologies,
Karlsruhe, Deutschlan

Applied Biosystems, GmbH,
Darmstadt, Germany

Sigma Chemie GmbH, Deisenhofen,
Germany

Gibco, Life Technologies, Karlsruhe,
Deutschlan

Sigma Chemie GmbH, Deisenhofe

Germany
Amersham, Bioscience Europe, GmbH,
Freiburg, Germany
Sigma Chemie GmbH, Deisenhofen,
Germany
Sigma Chemie GmbH, Deisenhofen,

Germany

Applied Biosystems, GmbH, Darmstadt,
Germany

Sigma Chemie GmbH, Deisenhofen,
Germany

Sigma Chemie GmbH, Deisenhofen,

Germany

100ml
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Sample Buffer (for 10ml)

Bromophenol (0.05%) 5.0mg
Glycerin (50%) 5.0ml
EDTA (100 mM) 0.37g
1 xElectrophoresis buffer 5.0ml

10 x Electrophoresis buffer (pH 8)

Tris (0.36 M) 43.69
NaH,PO;, (0.30.M) 41.1g
EDTA (0.01 M) 3.729
Distilled water 1000.0ml
Autoclave

Store at4cC

Ethidium Bromide Stock Solution

Ethidium Bromide 10.0mg
DNase and RNase free water 1.0ml

Store at room temperature

DNA Marker

DNA Marker 50 or 100 bp 50.0 pl
1 x Electrophoresis buffer 400.0 pl
Sample buffer 50.0 pl

Aliquot and store at -2C
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Annex Ill. Equipments

Adjustable Pipettes (10, 100, 1000 pl) Eppendorf, Hamburg, Germany

Applicator sticks, wooden

Balance Sartorius, GmbH, Gdéttingen, Germany

Bottles, dispensing or plastic

“squeeze” 250ml or 500ml

Centrifuge Heraeus Sepatech GmbH, Osterode,
Germany

Cotton swabs

Coverslips

Electrophoreses chamber Whatman Biometra, Gottingen, Germany
Funnel

Freezer Bosch, Germany

Glass slides

Graduated 15ml centrifuge tubes

Minicentrifuge Roth GmbH, Karlsruhe

Pipettes Tips (10, 100, 1000) Biozyme Hessisch Oldendonm&ey
Pipettes, Pasteur, with rubber bulbs

QIAMp® DNA Mini Kit QIAGEN, GmbH, Hilden, Germany

Rack or support for tubes

Surgical gauze

Trio-Thermoblock Whatman Biometra, Géttingen, Germany
Vortex Heidolph Instruments GmbH,

Schwabach, Germany
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