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ABSTRACT

Cystic Echinococcosis is a serious zoonotic diseassed byechinococcus granulosus species
complex. This research study was conducted to mi@terthe level of infection of the disease in
sheep in Olokurto division, Narok County, KenyaeTtudy area was divided into five locations
and 180 sheep selected randomly from each locatiere inspected for infection. Sample
collection was conducted in Likia slaughter houBkee carcass of each sheep was inspected
carefully for the presence of hydatid cysts, infettand the organs infected and the number of
cysts was recorded. The sheep identification nurabdrsex, and age as determined by dentition
were also recorded. Hydatid cysts collected weesgwed in 70% ethanol and transported to the
laboratory for analysis. In the laboratory, cystesand volume of hydatid fluid were measured,
microscopic examination of hydatid fluid was penfi@d to determine cysts fertility, and species
identification was determined following restrictiahgests of amplified PCR products which
targeted the NADH dehydrogenase subunit 1 (nadebhlegOverall prevalence was 16.0%
(144/900), infection rates in the five samplingesitvere significant (P<0.05), with the liver
being the most infected organ (50.7%), followedtly lungs (36.8%), while mixed infections
involving the liver and the lungs were detected?ib¥% of the sheep sampled. PCR/RFLP results
revealed that all strains weEe granulosus sensu stricto which means that the genotype is G1
(genotypel). The cysts were examined under theosgope to determine fertility, out of the 343
hydatid cysts collected and examined, 62.1% ohtjfuatid cysts were fertile, 35.2% were sterile
while 2.7% were calcified. Lung cysts were found&more fertile (73.02%) compared to liver
cysts (53.4%). There was a direct relationship betwage, number and size of hydatid cysts as
the number and size of the cysts increase witteas® in age of the sheep. Since all strains were

G1 which is particularly pathogenic to humanssitmportance to control the disease



CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

1.1.General introduction

Cystic echinococcosis infection caused by larvalgst of Echinococcus granulosus species
complex is of medical and veterinary importancerréntly, five strains ofE. granulosus are
known in Africa: E. granulosus sensu strictoE. equines, E. ortleppi, E. canadensis and E.
fidelis. E. granulosus sensu stricto is the most common sheep strainy/&tdl., 2012). Apart
from E. granulosus sensu latopther species includg. multilocularis, E. oligarthus and E.
vogeli. There appears to be very limited genetic vamatathin E. multilocularis and no
informationavailable to show the variability of eithEr vogeli, or E. oligarthus (McManus and
Thompson, 2003). Based on the current informatiospecies, strains and genotypes, Africa has
the highest incidence in the world (Romegal., 2011) The disease occurs in humans, wild
herbivores, wild carnivores and livestock. The aekdrm is present in the canids and the larval
forms in wild herbivores, livestock and humans. Hsease is potentially dangerous and found
in many parts of the world due to its ability toaptl to many hosts and occupy a wide
geographical areaHigh incidences of infection b¥t. granulosus often coincides with rural
grazing areas where dogs are able to ingest orfgamsinfected wild and domestic animals,
approximately 2-3 million human cases occur worttevannuallyIn Africa, the prevalence is
higher in the northern part such as in Sudan, EgggdtEthiopiaThe adult worm is about 3 to 6
mm long and resides in the small intestines ofdégnitive hosts. Eggs are released through
mature proglottid in definitive host and can survive for about aryasthey are highly resistant

to environmental stress. Man can get infected loydaatally ingesting eggs from contaminated



food, water, handling live canids and canid’'s faeda the intermediat@ost, eggshatch to
release oncospheres in small intestine, which pateeintestinal wall and get into blood the
circulation and are then carried to various orgauch as the liver, brain, lungs and eye tissue. In
the body, once the oncospheres reach the orgarhatec they form cysts which contain
protoscolices that then develop into adults inittiestines of definitive hosts which eventually
produce eggs to complete the cycle. Infection adlnlt stage of the parasite is asymptomatic
and non-pathogenic to the canid host, while in huigad herbivore hosts, it exerts pressure on
organs adjacent to the slow growing masses fillétl Ywdatid fluid leading to tissue damage
Lung infection results in breathing problem andsthgin, liver infection results in abdominal
pain. The hydatid cystscan break suddenly resulting in sudden death ef ahimal. The
prevalence of hydatidosis varies from place to elaat is most prevalent where livestock
farming is practiced, especially in arid and send-areas. Such communities also keep dogs to
help in herding of their livestock and guard athni¢Schwabe, 1969)According to a study
conducted in Kenyan cattle, hydatidosis has been reported to be ta®@9, 13%in sheep and
15% in goats (Gathura and Kamiya, 1p9he disease has also been reported in wild carnivores
and herbivores but their role in perpetuation af thisease in nature remains to be clearly
understood (Macphersod al., 1983. In Olokurto division in Narok County, no research
concerning the prevalence and diversity of the atisein the area has ever been carried out,

hence a gap in knowledge.



1.1.1 Etiology

Echinococcus species is a cestode parasite that infects a veidge of vertebrates including
humans. Classification of the causative agentgsticechinococcosis has been a big challenge
for many years as a result of limited morphologidaiscription and lack of evidence for
geographical or ecological segregation of the pigras all were conventionally assignedseo
granulosus (Thompson and MacManus, 2002). Further studieshenparasite have led to the
development of a strain concept that differs frotheo groups of the same species in gene
frequencies (Thompson and Lymbery, 1988). They assads as definitive hosts and a wide
range of ungulates as intermediate hosts. Basecliwant information on species, strains and
genotypes of cystic echinococcosis, Africa hashiigaest diversity of these parasites (Rowtig
al., 2011). The most important species infecting msnand livestock in Africa includ&.
granulosus sensu stricto (common sheep strain &Lgquines (horse strain)E. ortleppi (cattle
strain), E. canadensis (camel/pig strain) an&. fidelis (lion strain) (Ometet al., 2010). In East
Africa, the parasite presents a complex patteninfettivity with more than one strain occurring
sympatrically in different or the same livestoclesigs. Based on the limited number of studies
conducted so far, differences in strains compasiimong different regions seem to exist. This
uncertainty depicts a complex epidemiology of tleease which is not fully understood (Romig

etal., 2011).

1.1.2 Life cycle ofEchinococcus granulosus species

The disease occurs in humans, wild herbivore, wéchivore and livestock, the adult worm is

present in canids and the larval form in wild heodbe, livestock and humans. The adult worm is



about 3 to 6 mm long and resides in small intestieggs are released through mature
proglottides in definitive hosts. The eggs are @dewcially ingested by herbivore host during
grazing and man can get infected by ingesting éggs contaminated food, water or through
handling live canids and canid’s faeces. In théivere host eggs hatch to release oncospheres
in the small intestines which penetrate intestimalls and enter the blood streams and eventually
enter organs such as the kidney, liver, lungs.esplbrain and bone marrow. In humans the eggs
hatch in the duodenum and the oncospheres pen#teatatestinal walls and enter the blood
circulation and are then carried to various orgaursh as the liver, brain, lung and eye tissue. In
the intermediate hosts, once the oncospheres tbachrgan of choice, they form cysts. The
canids acquire the infection by feeding on interimsdhost organs that contain hydatid cysts
which contain protoscolices, the protoscolices ttievelop into adults which eventually produce

eggs to complete the cycle (Fig.1).
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Figure 1. Life cycle ofEchinococcus granulosus (adopted from Khanfar, 2004)

1.1.3 Biology ofEchinococcus species

Echinococcus species is a small tapeworm (2 to 6 mm in lengtinas three segments and other
morphological characteristic which are importantspecies diagnosis (Thompson, 1995). The
parasite has no digestive system nor circulatoryrempiratory systems and all metabolic
interchange take place across the tegument. Theg kacretory cells called flame cells
(protonephridia). The parasite has reproductiveamsgof both sexes (hermaphroditic) with a
common opening called genital pore, mature pragetare full of embryonated eggs which

detach from the strobila and shed outside thewitistits faeces (Moro and Schantz, 2009).



1.2 Geographical distribution of cystic echinococis in Kenya

Cystic echinococcosis is globally distributed anartipularly economically and medically

important in rural pastoralist societies (EckeQ2) The disease poses important public health
challenges in most parts of the world (WHO, 200he ability of the parasite to adapt to a wide
variety of hosts contributes to the global disttibo of the disease (Schantz and Schwabe,
1969). Although the disease is globally distributiéds most prevalent where livestock farming

is practiced. Kenya is an agricultural country aoue to its landmass being largely marginal to
semi-arid, pastrolism is a major economic activityareas mainly occupied by pastoralist
communities such as the Maasai, Turkana and Bofdrese pastoralists’ communities also keep
dogs to help in herding of their livestock and glat night thus increasing the incidence of the

disease in such communities. (Eugster, 1978) @&ig.
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1.3. Transmission and control of cystic echinococsis.

Echinococcus species is mainly maintained in a dog-sheep-doglecyln its domestic
transmission cycle, dogs being definitive hostghef adult tapeworm, while livestock such as
sheep, goats, pigs and cattle are the intermel@gts. The sheep strain (G1)Bfgranulosus
sensu stricto is the most epidemiologically impotrtgenotype in public health importance and
geographic range (Jenkiesal., 2005). The infection is transmitted to dogs wihieey feed on
infected viscera of intermediate host during slaegtdogs also get infected through scavenging.
The disease is transmitted to humans through diediact with dogs and consuming vegetables
and water contaminated with dogs’ faeces. Humaasaacidental intermediate host and are
unable to transmit the disease (Budkeal., 2006). (Fig.3). Intermediate hosts such as cattle,
pigs, sheep and goats become infected followingstign of eggs from faeces of infected
definitive hosts (Wahlerset al., 2012). The larval stage that emerges from the @gges rise to
hydatid cysts which are found mostly in the liveddungs, although other organs may also be

affected.

An effective vaccine that would reduce hydatid atien in livestock would also have a
substantial impact on the rate of transmissiorhefdisease to humans (Lightowlers, 2006). An
oncosphere antigen vaccine EG95 has been showe twapable of inducing high level of
protection against infection with. granulosus eggs in sheep, the vaccine prevent development
of oncosphere to hydatid cysts in sheep and tloyes stevelopment of adult gravid tapeworms in
dogs (Lightowlers, 1996). Treatment of cystic eokiccosis is complicated because most
lesions develop in the liver, lungs and other osgédi-Peng.et al, 2005) requiring surgical
removal of the cysts. Anti-helminthic drugs inclagi albendazole, mebendazole and

praziquantel drugs have cure rate of up to 30% approximately 10-20% of patients show



substantial regression of cyst size and symptosvialion (Khuroo, 2002) Low priority has
been given by respective governments to arid palstoeas where cystic echinococcosis is most
endemic. Sub-Saharan Africa is the world’s pooagsa with more than 46% of the population
surviving on less than $1 a day. In Turkana Distoicnorthern Kenya for example a hydatid
control program managed by African Medical Resedchndation (AMREF) was established
in 1983. The control program has three main compnehuman treatment (chemotherapy,
surgery and Puncture aspiration injection and reasm (PAIR), control of dog population
(deworming of owned dogs, sterilization of femalegsl and killing of stray dogs) and
community education (settled, semi-settled and mierend in schools). Through this program a
total of 1015 people had undergone surgery/PAIR®Y4 and 2500 treated by chemotherapy.

This has reduced the prevalence of cystic echirmmsis in humans from 7% to 2.5%, and the

prevalence oE. granulosusin dogs from 65% to 28% (Zeyh&tal., 2004).

Figure 3: Human-dog relationship contributes to cy8c echinococcosis transmission

(Courtesy of Eberhard, 2012)



1.4. Economic impact of cystic echinococcosis

Cystic echinococcosis is of great economic impaeaooth in humans and livestock. In terms of
monetary losses and disability adjusted life yéB&LYS) is about US$ 763,980,979 annually
when underreported cases are considered (Betdkk, 2006). The disease is of major public
health and veterinary importance. In livestoclegults in death, decreased meat, milk and fleece
production. The disease also results in condenmmaifoinfected organs in slaughter houses
resulting in great economic losses (Jenkatsal., 2005; Wahlerset al., 2012). Human
hydatidosis has many important economic effectduced or complete loss of income during
illness, cost of treatment and convalescent pefmdnomic and social losses associated with
undiagnosed and therefore untreated cases shaddal considered. Most reports have shown
that between 1% and 2% cases of hydatidosis ak(Budkeet al., 2006). In Africa, the disease

is widespread posing great challenges in most cesnthat practice large scale livestock
economy (Omeet al., 2010; Huttneret al., 2009; Romiget al., 2011). Apart from western and
central Africa where only sporadic cases are knolydatidosis is endemic in human and
livestock in all the other countries of Africa (Rmret al., 2011). In Kenya, according to a
slaughter house survey conducted in the whole cpulmgtween 1977-1988, 4.1% and 4.8% of
all cattle livers and lungs, respectively, weredmmned due to hydatid cysts infection. In small
stocks such as sheep and goats, 2.6% and 3.0%vest land lungs, respectively, were
condemned (Gathura and Gathuma, 1989). In humagisjrtidence of the disease in Kenya is
mainly confined to Turkana district and estimatée@20 cases per 100,000 populations (French

and Nelson, 1982).

10



1.5. Literature review

1.5.1 Previous studies of cystic echinococcosiskenya

Field survey studies have been previously conductedprevalence and diversity of cystic
echinococcosis in Kenya. Although it is one of thest important helminth infections, cystic
echinococcosis studies have proved difficult to eamp with an accurate prevalence status in
intermediate hosts in any part of the world. Thisdue to poor reliability of the available
diagnostic tests and high costs of performing thests under field conditions. Most prevalence

studies have relied on slaughter data (Macphef<fi,).

A study by Froyd, (1960) in Kenya showed a prevedeof 30% in cattle, 13% in sheep and 15%
in goats. Etiology of the disease was first conéidrby Nelson and Rausch, (1963) who first
identified E. granulosus as the causative agent of the disease in Kenyapihgison, (1985)
conducted a survey in Maasailand and reportedtieategion was a hyperendemic focus having
high level of prevalence in livestock and frequecturrence of human cases. Similarly Njoroge
et al., (2002) conducted a research study on prevalehaystic echinococcosis in slaughter
animals in three divisions of northern Turkana ahdwed that the prevalence was 19.4% in
cattle, 3.6% in sheep and 61.4% in camels. Waddti., (1993) and Dinkekt al., (2004)
genotyped cysts collected from southern Kenya. Hewthe relative contribution of the species
identified to the total burden of hydatidosis was established because sample’s collection was
not done in a systematic manner. A study by Casubil., (2010) showed th&E. canadensis
(G6) primarily use camels as their intermediatet.nAssimilar study by Mulingeet al., (2011)

reported the presence Efortleppi in North-central Kenya.

11



A surveillance study conducted by Addyal., (2012) on prevalence and diversity of hydatidosis
in Maasailand showed that the prevalence was 2%8eattle, 16.5% in sheep and 10.8% in
goats. The average number of cysts per surveyaedahmvas 1.0, 0.4 and 0.3 for cattle, sheep
and goats respectively. The number of cysts perctatl animal varied between 1 to 16. They
reported that about half of the infected animalsbbiged more than one cyst, intensity of
infection was correlated with the age of the aninalall the animals surveyed, the liver was
found to be the most frequently affected organ, Itdr cyst were less frequently fertile
compared to lungs cysts (2.9 against 11.3%) inecg®2.6 against 34.8%) in sheep and (O
against 50%) in goats. They also found that althowgltiple organ involvement is common in
all animals, liver and lungs were the most freglyesffected organs. In the study, they identified
three Echinococcus species;E. granulosus G1, E. ortleppi G5 andE. canadensis G6, E.
granulosus was the most dominant (279 of 285 specimens) wbftdn reached its fertility in

sheep.

1.5.2. Diagnosis of cystic echinococcosis infection

1.5.2.1. Serological diagnosis &chinococcus species

Application of serodiagnostic techniques for studyhydatidosis provide more accurate results
on prevalence of the infection as the technique detect asymptomatic cyst carriers. Jenkins
and Richard, (1984) reported that serodiagnosisdetect the infection as early as 4 to 6 weeks
post infection. A serological test in sheep-dog#liawva province in Spain conducted by Benito
et al., (2006) revealed that the overall prevalenc&.ajranulosus infection is 8.0%, a rate that
represents a public health threat. Similarly Tijga@l., (2010) conducted a study on prevalence
in sheep in Yobe state, north eastern Nigeria,rapdrted a prevalence of 0.01%. Ludtaal.,

(2009) conducted a survey study on prevalence eesland reported a prevalence of 36.2% in

12



Kano Nigeria. Comparatively Dada and Belino, (19#9)Yobe state, north eastern Nigeria,
conducted a survey on hydatidosis in sheep andtezpa prevalence of 18.9%. A similar study
by Magaji, (2011) on dogs in Sokoto, Nigeria, shdveeprevalence of 26.69%. Raeghial.,
(2007) in Kerman, Iran reported a seroprevalenc®.2#, 6.8% and 7.4% in sheep, goats and
stray dogs respectively. They also demonstratethfaetion of 0.22 per 100,000 population.
Another study in Tripoli, Libya by Buishat al., (2005) revealed that 25.8% of stray dogs and
21% of owned dogs tested by coproantigens ELISAewmsitive forEchinococcus species
parasite. Serodiagnosis has shortcomings in thagscreactivity with antigens from other
parasites mainly other taeniid cestodes is a mpjoblem. It has also been found that
intermediate host animals produce very poor antih@dponses to infection (Lightowlers and
Gottstein, 1995). According to a study conductedJbgkins and Richard, (1986) sheep were
found to be the main intermediate hostEofgranulosus in most endemic areas worldwide and
antibodies to various antigens were detectableemra ©f some but not all infected sheep

(nonresponders).

1.5.2.2 Molecular characterization ofEchinococcus species

Genetic characterization dEchinococcus species is important in understanding transmission
patterns of the parasite (s) between definitivet)dsumans and intermediate hosts, this will
assist in diagnosis and control of the diseaserfidsonet al., 1995; Thompson and MacManus,
2002). Various DNA-based techniques have been egplio genetic classification of
Echinococcus species and genotypes (Abushhesval., 2010). To date 10 distinct genotypes
(G1-G10) ofE. granulosus sensu lato andchinococcus fidelis have been defined based on
mitochondrial DNA studies (Lavikainest al., 2003). However, due to lack of molecular data on

E. granulosus in many countries of Africa, South America and &dhe full extent of genetic
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variation withinE. granulosus might not be known and new genotypes could beod&sed in

new studies.

Wachiraet al., (1993) examined 208 isolates Bf granulosus from intermediate hosts and 40
adult worms and showed the presence of Bvgranulosus strains; the sheep strain (G1) with
known pathogenicity in humans was identified ineghegoats, cattle, camels and humans and
the camel strain with apparently low infectivity htamans was found only in camels and goats.
Similarly Mwambeteet al. (2004) Carried out molecular analysis in Spaid &entify three
strains, G1 infecting sheep, cattle, goats, pidkl laoars and humans, G7 infecting pigs, goats
and wild boars ané.equinus infecting horses. A molecular analysis by Lahmtaal., (2004) in
Tunisia demonstrated the presence of the G1 shesp and the G6 camel strain. In the same
country Farjallaket al., (2007) characterized 38 isolatesofyranulosus collected from different
regions and hosts and indicated the circulatiothefcommon sheep strain (G1) in all species.
Varcasiaet al., (2008) detected G1, G2, G3, G4 and G7 genotiypdgferent hosts in central-
southern Italy. A similar study by Rinaldi al., (2008) detected G2 genotype in water buffaloes

from Campania region (Southern Italy).

A study conducted by Varcase al., (2007) in Peloponnesus, Greece on the prevalande
genotypes oE. granulosus in sheep and goats showed that the prevalence8Wd%o in sheep
and 14.7% in goats, they also revealed that 18dHzep examined harboured the G1 (sheep)
strain while all the goats examined harboured tfe(j3g) strain. Another study conducted in
Brazil by Haaget al., (1999) for the first time showed the presence efsheep strain (G1) and
the cattle strain (G5) d&. granulosus in sheep and cattle respectively. Similarly Delee& al.,
(2006) in southern Brazil showed that the G1 ggmetwas the most common taxon both in

sheep and cattle, while few cysts in cattle weeniidied askE. ortleppi. Gudewaret al., (2009)
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demonstrated that four genotypes, namely the skgam (G1), Tasmanian sheep strain (G2),
Indian buffalo (G3) and cattle strain (G5) Bf granulosus are present in livestock in India. In
Argentina, Kamenetzkyt al., (2002) isolated G1 and G6 from human, G2 from ghaed
human and G7 from pigs. In eastern Libya Tasletmi., (2002) analyzed protoscolices from
humans, cattle, camels and sheep and showed ther@mce of the sheep strainEfgranulosus
G1. Another molecular study conducted by Mantesblal., (2008) in Chile on human beings
revealed the circulation of G1 and G6 genotype®dru, Santivane& al., (2008) characterized
G1 and G6 variants in humans. G1 genotype wasisddated from sheep, cattle and goats, G6
from goats and G7 from pigs in the same countrystddy by Moroet al., (2009) in Turkey
showed that the most prevalent strain was G1 ih botman and livestock while G3 and G7

were detected in a few isolates.

A molecular analysis conducted by Pedne&aal., (2010) in north India revealed that G3
genotype was the predominant genotype 29/46 spaities of livestock followed by cattle strain
(G5) 9/46, G1 or the common sheep strain 6/46 had32 genotype or Tasmanian sheep strain
2/46. Similar genotypes with slightly high prevatenwere recorded by Laté al., (2010) in
Pakistan. In Maasailand of southern Kenya Addgl., (2012) identifiedE. granulosus G1, E.
ortleppi and E. canadensis G6 in livestock. In the neighboring Sudan Dinkelal., 2004 and
Omeret al., (2010) reported that the camel strainEofcanadensis is the dominant genotype.
Similarly Mailardet al., (2007) reported a frequent presence of G1 frormthréh and northeast
of Africa. In another study by Wachighal., (1993) in Maasailand Kenya, G6 was isolated from
a cow and a goat. Mulingat al., (2011) reported the presencebofortleppi from cattle in the
north central part of Kenya. According to the datarently availablds. ortleppi is widespread in

other parts of the world but rare in eastern Afridattneret al., (2009) recorded the presence of
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E. fidelis from lions in the queen Elizabeth Park Uganda.irilar study by Jenkin&t al.,

(2005) reported the presencebofequines in South Africa.

1.6. Justification

In Kenya, agriculture is the major economic acyivitf the total Kenya land only about 7% is
suitable for crop production yearly and about 5%cWitan only support crops during years of
high rains, the remaining land is mainly arid aremsarid suitable for livestock rearing
(Oniang’'o, 2001) In Olokurto division Narok County, Kenya, the manonomic activity is
rearing of cattle and sheep. The community als@ kiegs that help in herding of their livestock
and guard at night. During herding, livestock iat#rwith wild canids and herbivores which in
the process lead to transmission of the diseasst ®teas within the division where herding is

practiced are mostly forested providing suitableitaé for wild animals.

Residents of the division obtain water for domesse from the numerous streams originating
from forested areas which are also grazing groufmislivestock. The water is usually
contaminated especially during rainy seasons whi&hamimals’ feaces and livestock dung are
washed into water bodies. These feaces may comif&Eative eggswhich are transmitted into

water bodies, infective eggs are also transmittezhtidren through dogs handling.

This study is justified from the economic point @éw. In humans the annual incidence in
endemic areas is 220 cases per 100,000 populgtwesch and Nelson, 1982). In livestock it
results in death, decreased meat, milk and fleesuption. Information obtained from the study
will be used to come-up with recommendation fortoarof the disease. Current information on

status of the disease in the area is also notadblajlthe study will also fill the knowledge gap.
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1.7. Objectives

The general objective of this study was to deteemthe level of infection of cystic

echinococcosis in sheep in selected locations ak@to division, Narok County, Kenya.
The specific objectives were:
1. To determine the prevalence and distribution ofdatigbsis in sheep within Olokurto
division.
2. To determine the intensity of infection of hydasaoin sheep in Olokurto division

3. To characterize and identify the different molecuanotypes oEchinococcus species

in the region
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CHAPTER 2

MATERIALS AND METHODS

2.1. Study site

The project was conducted in Olokurto division arbk County, Kenya. Olokurto division is
situated about 220km west of Nairobi. The studyaw@s divided into five locations to ensure
that the study covers the entire area, the fivatlons are Ololong’oi, Olorropil, Olposimoru,
Kisiriri and Eneng’etia. The area has a high atigicharacterized by high and reliable rainfall,

fertile agricultural land and dispersed population.

The means of transport in the area is earth roadshware usually impassable during rainy
seasons. The area has many rivers and streamaating from the Mau forest complex and
most are permanent. The area is generally chaissteby low temperatures throughout the
year. Rainfall is bimodal with long rain from Mardlo August and low rainfall between
September and February. The area experiences ledsawd low evapo-transpiration rate, the

area also experiences high humidity, especiallwéenh May anduly.

Olokurto division is considered as one of the mabeep rearing areas in Narok county,
majority of the population live in rural areas aar@ involved in livestock keeping mainly cattle
and sheep as the area is cold hence does not fguatikeeping. Sheep are the principal animals
slaughtered for human consumption on social andioek occasions, slaughtering in Olokurto
division occurs in the main abattoir located atltiieéa centre along the Narok-Nakuru road and
most sheep from the division are transported tferslaughter. A larger percentage of the meat

is then transported to bigger towns like Nakuru Bagobi.
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Most locations within the division lack abattoirsida slaughtering takes place in streets,
traditional slaughter houses and markets, this recdsa poor disposal of infected offals and
carcasses which are in turn consumed by stray @gsing around and other carnivores such as

jackals, enhancing spread of the disease. Thetlaeeafore favorgchinococcus species due to

interaction between the wild carnivore, wild hei, livestock and dogs
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Ohokurte Division

w@h » Shopping centers
# = Sampling site

Figure 4: The map of Olokurto division showing sampng site.

(Narok survey office, 2013)
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2.2. Study design and Sample size

A cross section study was carried out to deterrthiedevel of infection of hydatidosis in sheep
in Olokurto division. The sample size was calcudatey use of a formula described by

Thrusfield, (2005)

N=Z2p (1-p) /d?

WhereN is the minimum sample siz&,is the confidence interval which is the range dtiga

in which the population mean is likely to be maingal with a given level of probability, defined

by the standard errors of the sampling distribytprs the expected frequency of the condition
of interestandd? is the inverse of 95% allowable error which is tlesired precision, expected

frequency is 15.6%.

2.3. Field sample collection

The abattoirs which are key facilities for slawgghwere visited on slaughter days. A total of 180
sheep above one year old selected randomly froim leaation were inspected for hydatid cysts
in all organs of the pleural and abdominal cavit@®wing slaughter. Sheep above one year old
were selected because hydatid cyst establishmentrislated to the age of the sheep in contrast
to sheep below one year old which although mayrfecied are unlikely do present with
established cysts in the visceral organs. The &fgesheep was determined by dentition, sheep
whose all teeth are present, strong and intact wensidered as age two years, sheep that have
loss some teeth and with loose teeth were considesehree years while sheep that have loss
most of the teeth were considered as four yeaessehl of the sheep was also recorded. Visceral
organs identified with hydatid cysts were preserwed0% ethanol in clean plastic containers

and transported to the laboratory for analysis.
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2.4. Examination of hydatid cysts

In the laboratory cysts of infected organs weresptally counted and their sizes measured using
a 15 cm ruler and the cysts size in square cergimeaticulated and data recorded. Individual
cysts were cut-opened using a surgical blade amdyst’s fluid volume collected and measured
using a measuring cylinder. Each individual cysisviaen examined at X410 magnification
under a dissecting microscope for the presenceatbgcolices. The fertility of the cysts was
determined and recorded based on the criteria lesttad by El-Ibrahim, (2009). Cysts with
protoscolices were considered as fertile cystslewthiid filled cysts without protoscolices were
considered as sterile cysts while solid and sandagoed cysts were considered as calcified
cysts. The protoscolices from fertile cysts andngeal layer which is tissue obtained from

sterile/calcified cysts were fixed and preserved(fo ethanol to be used in DNA extraction.

2.5. DNA extraction from samples

DNA was extracted from protoscolices obtained frigriile cysts and germinal layer tissue
materials of sterile cysts as described by Nadtaal., (2003), lysing in 0.02 M NaOH and
heated at 9% for 10 minutes. An alternative DNA extraction pess described by Dinket al.,
(2004) was used for tissues where there was sutmalpyield of DNA following alkaline lysis
to allow for PCR amplification. Briefly, approxinedy 0.5 g of the germinal layer was cut into
small pieces using a surgical blade and digested @smg/ml proteinase K in 500 pl of 10 mM
Tris-HCI (pH 7.5), 10 mM EDTA, 50 mM NaCl, 2% sodiudodecyl sulphate and 20 mM
dithiothreitol. The DNA was then extracted usingepbl-chloroform-isoamyl alcohol (25:24:1)
and precipated using cold absolute ethanol, ancpélet washed in 70% ethanol. The DNA

pellet was then air dried and dissolved in 100ydease free water.
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2.6. Oligonucleotide primers

The primers for use in a nested PCR amplificatissag were originally designed by Huttrar

al., (2008), to amplify the Nicotinamide adenine dileatide hydride (NADH) dehydrogenase
subunit 1 (nad-1) gene. An aliquot of reconstitupgoners were kindly provided by Erastus
Mulinge of the Centre for Microbiology Research dtexd at the Kenya Medical Research

Institute (KEMRI). The primer sequence used isc¢atkd in Table 1 below.

Table 1: Sequence of primers

Primer Sequence(5’-3) Bases
NADA | TGT TTT TGA GAT CAG TTC GGT GTG 24
Outer primers NAD C | CAT AAT CAA AGG GAG TAC GAT TAG 24
NAD B | CAGTTC GGT GTG CTT TTG GGT CT 24
Inner primers NAD D | GAG TAC GAT TAG TCT CAC ACA GCA 24

2.7. Polymerase chain reaction

All PCR amplifications were done as described bytthér et al., (2008) in a total reaction
volume of 25 pl containing 18.625 pl of DNase/RNfise water, 2.5 pl 10X PCR buffer, 0.5 pl
10 mM dNTPs, 0.625 ul of each primer (0.25 unifs/@1125 pul of Tag DNA polymerase (5
units/ ul) and 2 pl of the DNA from the test sampleose concentration cannot be quantify
because it is not pure DNA, it also contain sodhydroxide used during lysis. A set of purified
genomic DNA fromE. granulosus sensu stricto (G1, G2 and G3j, ortleppi G5 andE.
canadensis G6 were included as positive controls during &RPassays and distilled water as a
negative control. In the first round of the reactibe outer primers (NAD A and NAD C) were

used under the following reaction conditions: 1lleyof 9%c for 5 minutes followed by 35
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cycles of denaturing at 9@ for 30 seconds, annealing aP&%or 30 seconds, elongation at’¢0
for 1 minute and final elongation at2for 5 minutes. In the second round of reactiop] bf
the primary PCR product was used as the templatd BN the outer primers substituted with
the inner primers (NAD B and NAD D ) and all thénet reaction conditions were as described
for the primary PCR. Following amplification, th€R products were resolved at 100 volts for
30 minutes on 1.5 % agarose gel (1x) (preparedigsolving 1.5 g of agarose in 100 ml of Tris-
acetate-EDTA (TAE) buffer). The gels were stainathviethidium bromide (0.2 units/pl) and

visualized under UV.

2.8. Restriction fragment length polymorphism of NA-1 amplicons

Digestion of NAD-1 amplicons was performed as déscr by Huttneet al., (2009) using Hph

1 restriction enzyme (10 units/ ul) synthesizedTiwermo Fisher Scientific in a total reaction
volume of 20 pl containing 10 ul of the secondaGRPproduct, 7.5 pl of DNase/RNase free
water, 2 ul 10x buffer and 0.5 ul Hph 1 enzyme. Témction mixture was incubated at’°87
overnight and the banding patterns were detecte2lomagarose gel (prepared by dissolving 2 g
of agarose in 100 ml of Tris-acetate-EDTA (TAE) fiedf and the gels visualized following
Ethidium bromide staining as described in sectioh &ove. The sample’s genotypes were
determined by comparing them to defined patterng. @ranulosus sensu stricto (G1, G2 and

G3),E. ortleppi G5 andE. canadensis G6.
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2.9. Data analysis

The data collected which included the number ofs;ysysts size, nature of cysts, age and sex of
the sheep were analyzed using SPSS version 16t@asefat 95% confidence interval for
analysis. Variables which included age of the sha®gp number of cysts, age of the sheep and
size of the cyst, age of the sheep and locatiothefcyst, infection and age of the sheep,
infection and sex of the sheep and infection amdping site were compared using MANOVA
(Multivariate analysis of variance). Overall infect rate of cystic echinococcosis in the area
was calculated in percentage by taking the totahber of infected sheep divided by the total

number of surveyed sheep and multiplied by 100.

Infection rate in each sampling site was calculatedercentage by taking the total number of
sheep infected in each site divided by the totahlper of surveyed sheep in each sampling site
multiplied by 100. A correlation analysis was afserformed to establish whether there was a
relationship between the number of cysts and agbeokheep, cyst size and age of the sheep.
Intensity of infection was determined by calculgtithe average number of hydatid cysts per

surveyed sheep and also calculating the averagéerunh hydatid cysts per infected sheep.
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CHAPTER 3

REULTS

3.1. Prevalence and distribution of cystic echinoczosis

The overall prevalence of hydatidosis in sheep liok@to division was 16.0% (144/900). (Fig.
5, Appendix 1) shows the prevalence and distrilutod hydatidosis in sheep in the area.
Ololong’oi site had the highest infection prevaleraf 21.1% followed closely by Olorropil at
19.4%, Olposimoru, Kisiriri and Eneng’etia had thkevalence at 16.7%, 10.6% and 12.2%,
respectively. There was a significant differenceinfection rates in the five sampling sites
(P<0.05). Least significance difference, a post test for multiple comparisons showed that the
prevalence were only statistically different (P<g).Gbetween Ololong’oi and Eneng'etia,
Olorropil and Kisiriri and between Ololongoi and siiri. A post hoc test did not show a
significance difference in prevalence between Qigloi, Olorropil and Olposimoru because
P>0.05. Although the study survey showed that nmmoedes than females were slaughtered
(55.8% males against 42.2% females), the numberfefted males and females were found to

be equal (50% males against 50% females).
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Figure 5: Prevalence of infection within the five dcations

3.2. Load ofEchinococcus species infection in sheep

The liver was the most commonly infected organlirttee sheep surveyed although infections
were also detected in the lungs. Mixed infectiorolming both liver and lung infection were also

observed. The load of infection differed withinfdient sampling sites and organ’s infection also
differed in all the sheep surveyed, the liver bdimg most affected organ (50.7%), lung (36.8%)
infection while 12.5% had infection both in thedivand lungs (Table 2). No hydatid cysts were
observed in the spleen, kidneys or other interigderal organs. A total of 343 hydatid cysts

were collected during the survey and the averagabeu of cysts per surveyed sheep was 0.38

(343/900) while the average number of cysts pexcted sheep was 0.4 (144/343).
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Table 2: Intensity of Echinococcus species infection in organs within the five divisins

Study site Number of sheep with infection in Total
different organs
Liver Lung Mixed
infection
(Liver &
Lung)
Ololong’oi 19 13 6 38
Olorropil 21 13 1 35
Olposimoru 14 13 3 30
Kisiriri 8 6 5 19
Eneng’etia 11 8 3 22
Total 73 53 18 144

Sheep of all age groups showed infection in ther]ilungs and mixed infection (liver and lung).
The number of hydatid cysts in organs per infestegep showed a general increase as the age of
the sheep advanced, liver and lung infection cés@sed infection) in all the age groups was
higher compared to single organ infection becabeg had high number of hydatid cysts when
compared with the low number of sheep with mixeéahon cases in each age group. (Fig.6,
Appendix 2).
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Figure 6: Comparison of distribution of infection in organs in age groups

There was a significant correlation between theagbe sheep and size of the hydatid cysts in
square centimetres with cysts sizes showing a gemarease with advanced age. (Fig.7) The
volume of the hydatid fluid in milliliters was alsmrrelated with the age of the sheep and it

showed that the volume of the hydatid fluid inceshwith the age of the sheep. (Appendix 3)
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Figure 7: Mean cysts size in square centimeters (épwith 5% probability Error bar

Fig.8 shows representative fertile and sterile syiat were detected in infected organs.
Microscopic examination of hydatid fluid revealdwt out of 343 hydatid cysts collected during
the survey, 62.1 % were fertile and contained @atbtices, while 35.2 % were sterile and 2.7 %
were calcified. Fertile cysts were more localizedhe lung and accounted for 73.02 % of the

cysts this compared to 53.4 % fertile cysts thaevadserved in the liver.
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Protoscolice

Figure 8: A fertile cyst (A) with protoscolice andsterile cyst (B) ofE. granulosus

3.3. Characterization of differentEchinococcus species in the region

All the 343 cysts isolates recovered during theesyiwere characterized to the species/genotype
level by PCR/RFLP. Analysis of PCR amplified produrevealed DNA fragments of between

1073-1078bp. (Fig.9).

Figure 9: Representative image of an agarose gelashking PCR amplified DNA - fragments
using NAD nested PCR primers. M is 100bp moleculamarker and 1-19 are the tested
sheep samples.
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Analysis of the PCR amplified DNA fragments showkdt all the samples weEe granulosus
sensu stricto (G1-G3). The sheep digested samptetuped a three band product of 485bp,
320bp and 202bp which is characteristidcofgranulosus G1 sheep strain. This confirmed that

all cysts collected during the survey were G1 ggmat(Fig.10)

Pl (ko) 11 1% 12 14 15 16 17 18 13

15
085 ——
0.4

02

0.05

Figure 10: Representative gel image of electrophoses following restriction digest of DNA.
M is 100bp molecular marker, 1-15 are digested shpesamples, 16-19 are positive controls
representing E. granulosus sensu stricto,E. ortleppi, E. canadensis and sheep undigested
PCR product respectively.
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CHAPTER 4: DISCUSSION, CONCLUSION AND RECOMMENDATIO NS

4.0. Discussion

4.1. The prevalence and distribution of cystic echbcoccosis in Olokurto division

These results demonstrate the presence of cydtinaoccosis in Narok area in Kenya. The
overall prevalence was 16.0 % (144/900) infectegephwhich is similar to a previous study

conducted in Maasailand Kenya where the reportedabence was 16.5 % (Addy et al., 2012).

The findings reflect a higher prevalence when caegb#o other studies done in other pastoralist
areas in Kenya, such as a study by Froyd, (1960¢hwhowed a prevalence of 13 %, another
study conducted by Njoroga al., (2002) in northern Turkana showed a prevalericg ® %.

The findings reflect the current status of the a@ésein the area because important factors that can
influence the outcome of the study have been censifj for instance only sheep aged two years
and above were used in the study and the aready sivided into five locations to ensure that
the study covers the entire area. Presence ofisease in the area could be attributed to home
slaughter where dogs can easily access infectedsoffhich results in perpetuation of the
disease (Macpherson, 1985) as well as high nunddessay dogs, interaction of livestock with

wild animals during grazing and poorly maintainégughter facilities in the area.

The difference in prevalence rate in the five samgpsites could be attributed to the large
number of livestock kept in Ololong’oi, Olorropihd Olposimoru sites, these three sites also
border forest reserves and majority of the are&@eets graze their livestock in the forest
reserves where livestock interact with wild aninglsh as jackals, warthogs and hyenas and are

likely to be infected while grazing. These pastistal also keep dogs to help in herding and
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guarding the bomas at night. Since the dogs arddhaitive hosts oEchinococcus species they
may also increase transmission of the disease.idmiKand Enengetia sites, there are small
number of sheep and cattle and interaction of faeswith wild animals is limited since the two
sites are neither forested nor border any forestrue hence less transmission of the disease.
Proportion of infected male and female sheep was#me suggesting that all sheep were at risk

of acquiring infection.

4.2. Intensity of infection

The liver was the most affected organ with 50.7%ntg#fcted sheep having liver infection, 36.8%
lung infection and 12.5% had both liver and lunfgations. The liver is the most affected organ
perhaps because it is the first organ into whiehlilmod flows after leaving the intestines which
result in most of the oncospheres being filterdd ity the ones that are not filtered in the liver

move to lungs and other organs (A-Khalidi, 1998).

The study showed that older sheep had higher fatefection, with more number of cysts,
compared to younger sheep. This is attributedéddhowing factors; higher age reflect a much
longer period of risk of infection, it is also eaBy detect cysts at meat inspection in older
animals due to their bigger sizes and also becalgs sheep cysts have more time to enlarge

and pass on cysts to other organs (El-Ibrahim, 2009

The study results also showed that multiple orgmsolvement increase with increase in age of
the sheep, sheep of age group 2 years had thetloweser of multiple organ involvement

cases, while sheep of age group 4 years had thedtigijumber of cases. Distribution of the
parasite in various organs results in condemnationore organs in slaughter houses which is of

great economic loss (Ometral., 2010). Microscopic examination of hydatid cystsealed that
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62.1% of the hydatid cysts were fertile which isiadication that sheep is the most important

intermediate host fdE. granulosus sensu stricto.

4.3. Strains/Genotypes oEchinococcus species

The study results showed that all the hydatid cgatdyzed for species/genotypes identification
were G1. The PCR amplified fragments were betwdBf811078bp sinc&. granulosus sensu
stricto comprise of G1, G2 and G3, all the spebieisig G1 imply that sheep is its dominant

intermediate host in Olokurto division.

The presence of G1 in the area could also be & likeod of the high prevalence of human
hydatidosis among the Maasai people as this taasnbeen shown to be the most pathogenic

form of hydatidosis in humans, Wachetzal ., (1993) and perhaps this should be investigated.
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4.4. Conclusion

The study results showed the presence of cystimeobccosis in Olokurto division, Kenya. A
prevalence of 16.0 % which is higher compared s$olte of previous studies conducted in other
pastoralist areas in Kenya. This is an indicativat the disease will continue to be of medical
and veterinary importance both in humans and loast All the cysts collected being G1
genotype imply that sheep is its dominant intermedihost in Olokurto division. A higher
proportion of hydatid cysts collected being fer{é2.1 %) imply that the nature of the cyst is an
important factor that can affect stability & granulosus parasite. Cyst's size, number and
location in the body of infected sheep are directtyrelated to the age of the sheep. It can

therefore be concluded that the findings refleetdtirrent status of the disease in the area.
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4.5. Recommendations

1. Control programs should be established to minimize andrensfiective protection of

contracting the disease in both human and livestock

2. Vaccines which have already been tested in otlesgsain the world should be imported

and tested for instance EG95 vaccine.

3. Treatment of dogs with anti-helminthic drugs suchadbendazole, mebendazole and

praziquantel.

4. Proper maintenance of slaughter facilities in theaaand proper disposal of infected

offals to prevent spread of the disease.

5. Killing of stray dogs in the area.
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Appendices

Appendix 1: Prevalence of infection rates in diffeent sampling sites

Count Sampling sites Total
Ololongoi Olorropil Olposimoru| Kisiriri Enengetia

Infected | 38(21.1%) | 35(19.44%) 30(16.7% 19(10.6%4) 2(12.22%) | 144(16.0%)
un- 142 145 150 161 158 756
infected
Total 180 180 180 180 180 900
Appendix 2: Distribution of E. granulosus infection in organs

Sheep Number of hydatid cysts in organs per infected Average

age sheep

(years) Liver Lung Liver &

Lung

2 2 1 3 2

3 2 2 4 3

4 3 3 6 4

Average 2 2 5 3
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Appendix 3: Mean cyst size in square centimetersif@) and in millilitres (ml) (£ SD)

Sheep age Mean cyst size in:
(years) _ —

square centimeters(cmg) milliliters(ml)
2 2.12 +£1.89 2.01 £1.80
3 4,57 +4.32 4,39 +3.93
4 5.80 +4.64 4.40 +3.58
Overall mean 4.42 +3.56 3.91 £+3.12
size
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